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CUCTEMA KOMIIBIOTEPHOTI'O 3PEHUA
HJIA UISMEPEHUA IBETOBbBIX ITAPAMETPOB
MACA N1 MACHBIX ITPOAYKTOB: Ob30P

Tomamesny V.B.
Benrpapckuit yuusepcurer, Benrpan, Cep6us

Kntouesvte cnosa: ueem, mMsACo nMmMuuyvl, MACO bwm, MACHbLE npobyrcmw, KOMNvromepHoe 3peHue, Konopumemp

AHnnomauyus

CnocobHocmb cucmemul Komnviomeprozo spenus (cucmemuvt CVS) oyenusamo napamemput usema MAca u MACHbIX HPOOYKO8
Uccned08andact NOCPedCcmeom CPABHEHUS C USMEPEHUAMU, NPOU3BOOUMBIMU MPAOUUUOHHBIM KOZlopumempom. B pesynomame
CMamucmu4ecko20 aHanusa Ol BblA6/IEHbL CYyUsectnéentble pasnu4us mexnoy cucmemoilCVS u konopumempom 6 OmMHOUIEHUU
NOYHEHHBIX C NOMOULDIO IMUX NPpUbopos 3Hauenuii scex mpex napamempos (L*, a*, b*). Bo écex ucnoimanusix (100%) CVS-
ceeHepuposanHvle 3HAYEHUS Usema Ovlau Ouxe K napamempam 06pasyoe MACHbIX NPOOYKIN0s, 0rMoOpaiaemMvlx HA MOHUMIOPE,
10 CPABHEHUIO CO SHAUEHUAMU UBEMA, NOTLYHEHHBIMU C NOMOUbI0 Konopumempa. Vcnonvzosanue cucmemvt CVS cnedyem paccma-
mpueamv Kax npesocxoOHy0 AnvmMepHarmusy MmpaduyuoHHoMy Mermooy UsSMepeHUs U8erma MAca U MACHbIX NPOOYKIOB.

Review paper

COMPUTER VISION SYSTEM FOR COLOR MEASUREMENTS
OF MEAT AND MEAT PRODUCTS: A REVIEW

Igor B. Tomasevic
University of Belgrade, Belgrade, Serbia

Key words: color, poultry meat, game meat, meat products, computer vision, colorimeter

Abstract

Meat and meat products color evaluation ability of a computer vision system (CVS) is investigated by a comparison study with
color measurements from a traditional colorimeter. A statistical analysis revealed significant differences between the instrumental
values in all three dimensions (L*, a*, b*) between the CVS and colorimeter. The CVS-generated colors were more similar to the
sample of the meat products visualized on the monitor, compared to colorimeter-generated colors in all (100 %) individual trials
performed. The use of CVS should be considered a superior alternative to the traditional method for measuring color of meat and

meat products.

BBengenne

IIBeT — 9TO, IpeXJe BCero, CyObeKTUBHOE BOCIPUs-
Tie. bes BU3ya/IbHOII 1 SMOLIMOHA/IBHOI MHPOpMAINN, KO-
TOPYIO MBI IIO/Ty4aeM, CMOTPSI Ha MVP BOKPYT, HaIlla OIleHKa
OKpY>Kalollell JefiCTBUTEIbHOCTY, BK/II0Yasi ey, Ob1a Obl
HecoBepIlIeHHa. BHeNIHMi BUJ, SB/IAETCS OCHOBHBIM IIa-
paMeTpoM JIs1 OO/IBIIVHCTBA MMILEBBIX IPOAYKTOB. LIBeT
Msca BIVSAET Ha PellleHye O ero Iokymke. [Inia norpe6u-
Te/lell OCHOBHBIM IIOKa3aTe/leM HeCBEeXeCTU U YXyAIIeHNUs
KaJyecTBa fAB/IAETCA YXYALIEHNUe LiBeTa (IIOTeMHeHMe), YTO
IenaeT [jBeT OCHOBHBIM (haKTOPOM KadecTBa Msica [1]. ItoT
(daxT o4eBMIEH A IPOU3BOAUTENIEN MsACA, IIPEACTABUTe-
JIell PO3HUYHO TOPTOB/IN U VICCTIefiOBaTeIell B 00/1acTy Ha-
VKU ¥ TEXHOJIOTMM MSCHOJI IPOMBIIUIEHHOCTI. BaXkKHOCTD
IIBeTa TaKkKe 0OyC/IOB/IeHa TeM, YTO Y/Iy4LIeHe IIBeTOBOI
CTabVIBHOCTY M#ACA ¥ MACHBIX IPORYKTOB BIIUAET HA CPOK
UX TOJHOCTY, yBeIMYMBas IIEPUOJ, B TeYeHNe KOTOPOro
MSICO TIO-IIPEKHEMY BU3YalIbHO IIPMEM/IEMO LA IOTpebu-
Te/ell B pO3HIYHON Toprosie [2].

LITO6IJI O6eC1'Ie‘-II/ITb COOTBETCTBUE HpO}IYKTOB nnra-
HIIS1 OKUJJAHUAM HOTpeOuTeeit, B UIeBOII IIPOMBIIIIEH-
HOCTY HeoOXonuMbl 3 QPeKTUBHbIE CUCTEMBI KOHTPOJA
oBeTa O1d I/I3MepeHI/IH IIBETOBBIX HapaMeTpOB HPOI[YKTOB.
TpagniMoHHO, /i1 Msica IITUIIBI B TIOJOOHBIX CITyYasX MC-
nonb3yercs KonopuMetp [3]. OgHako Bce KOOPUMETPHI
JIMEIOT HEQOCTATOK, CBS3aHHBIN C TEM, YTO OLICHMNBaeMaAa
HIOBEPXHOCTD JIO/DKHA OBITH OJHOPOZHOI, a IJIOLIAlb W3-
MepsIeMOT0 Y4acTKa HOBONbHO Mana (~ 2-5 cm?) [4]. Orto
BBI3BIBAET IIOTPELIHOCTH B M3MepeHusAx. [lpyras npobre-
Ma 3aK/JIK4YaeTCd B TOM, YTO OIITUYECKU HeO,E[HOpO,I[HaF[
cpena, Takas KaK MsCO IITHUIIBI, IPEIOM/ISET, OTPAKaeT,
paccenBaeT 1 HOIJIOLIAET CBET, ICIYCKaeMblil KOJIOpMMe-
TpoM [5], BBI3bIBasI OTKJIOHEHMS BO BCEX OLICHMBAaEMBIX
IIBETOBBIX ITapaMeTpax.

st OBICTPOrO M HEMHBA3MBHOIO M3MEPEHMs LiBeTa
HPOJYKTOB MUTAHNA U, B YaCTHOCTH, /151 9P PeKTUBHOTO
KOHTPOTIH oBeTa MACAa IITUILbI H€06XOIH/IMI)I HOBDbIC O6’b—
€KTUBHbIE 1 TOYHO BOCHpOI/I?,BOHI/[MbIe METObI. CPCHI/I

AN UUTUPOBAHUA: TomaweBuu U.b. CucTema KOMMNbIOTEPHOrO 3pEHUA AN U3MEpPEeHUsA LBETOBbIX MapaMeTpoB MAcCa U MACHbIX NPoAYKToB: 0630p.
Teopus u npakTuka nepepabotku msaca. 2018; 4(4): 4-15. DOl 10.21323/2414-438X-2018-3-4-4-15
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Tomasevicl. B. Computer vision system for color measurements of meat and meat products: A review. Theory and practice of meat
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MHOYKECTBA HOBBIX TEXHOJIOTMII OIIEHKM CeTbCKOXO35ii-
CTBEHHO!I ¥ NMNIIEBOJ NMPOAYKIVM BBIJIETIAETCA CUCTEMA
KoMIbloTepHOro 3peHus (cucremaCVS), mcrmonbsyemas
VIS MISMEpEeHNs 1[BeTa IIPOAYKTOB muTanus [6,7,8]. Llenn
HACTOALIEro 0630pa 3aK/I0YaeTcsi B TOM, YTOOBI OINCATh
npuMeHeHne cuctemMpl CVS B OlLleHKe 11BeTa Msca ITULLBI,
MsICa INYM U MACHBIX PO YKTOB C Pa3INYHBIMY PU3MYe-
CKVIMM CBOJICTBaM, @ Tak>Ke IIPECTaBUTD ee IIpenuMyllle-
CTBa IO CPaBHEHMUIO C TPAANLIMOHHBIM METOJOM M3Mepe-
HUS [IBETA.

Marepuasnbl ¥ METORBI
O6pa3supL MACA U MACHBIX NPOOYKMNOE

VccnemoBanme  IpOBOAWIOCH ~ Ha  oOpasmax
M. pectoralismajor ot Tpex ocobeit i1 KaXIOro U3 de-
ThIpeX BUJOB HTMIBI (Kypulja, MHAENKA, YTKa U TyCb)
U TIATU BUJOB uuu (mepernenka, kabaH, KPOIUK, OJIEHb
u dasan). O6pasupl 66UIM NPUOOPETEHB! B PO3HUYHOI
cetn. Ilepen aHanuM3oM IBeTa CBeXXeHape3aHHbIe 00Opas-
bl MsCa TONIMHON 0Komo 3,00 ¢cM IO OTAENbHOCTY I10-
MeI[a/IICh B IOTKY 13 MTEHOIOMUCTUPOTIAa C OGZHOPOLHBIM
Oe/bIM IIBETOM M 00epTBIBA/INCh IIPO3PAYHOI IJIEHKOI
n3 [IBX, npoHniaemoit s KUCIOpopa. 3aTeM X ITOMe-
IIa/IM B XOJOAWIBHUK C TeMneparypoit 4°C Ha 30 MUMHYT
JUIA OKCUT'€HALIMY MMOITIOOMHA (TIOBBIIIEHNA KONMNYeCTBa
KUCTIOPOJa B TIOBEPXHOCTHBIX C/IOSIX MBIIIEYHON TKAaHN).
Ilepen nsmepenuem npeta [IBX-1mIenKy cHuManm.

Ha ocHoBaHum Mertopia 06pabOTKY CHIpbS U OTHEINb-
HBIX 9TAIOB 3TOI 06pPabOTKM, a TAK)XKe IPUHMMAsI BO BHH-
MaHMe VICIIO/Nb3yeMble TEeXHOJIOTMYU 00paboTKM, TOTOBBIE
MSICHBIE TIPOYKTBI MOYKHO Pa3e/UTh Ha IIeCTb OOMbIINX
rpynn [9]. B HameMm mccmefoBaHMM Ha KXY TaKylo
TPyINIy IPUXOAUIOCHh He MeHee IBYX 1 He 6oree deThIpe
pellpe3eHTaTUBHBIX 00pPasI[OB, B CyMMe IpPelCTaB/IAl0-
X 18 Pa3INYHBIX MCCTEAYEeMbIX MACHBIX IPOTYKTOB.

Konopumemp Minolta CR-400

B xadecTBe NCTOYHNMKA CBETA 110 YMOTYAHNIO VICITO/b-
3oBascs konopuMeTp Minolta CR-400 c aneptypoii 8 My,
yIIoM HabmiofieHus 2°, OCBETUTENbHBIM Ipubopom D65
U MMITYJIbCHOM KCEHOHOBOJI aMIoi. Bo BpeMs nsmepe-
HIUA Ha OTBEPCTUM allepTyPbl JieXKasa CTeK/IAHHASA KPbIIII-
Ka. [Tepep KaXk/1bIM M3MepeHeM BBIITOTHAIACH KaTnOpPOB-
Ka YCTPOJICTBA C TIOMOIIbIO CTAHAAPTHON 0€/I0il IVINTK.

Cucmema komnvromeptozo 3penus (CK3)

VcnonbsoBanace umdposas kKamepa Sony Alpha
DSLR-A200 (II3C-parumk ¢ paspenienuem 10,2 Meranmk-
cerneit). Kamepa Obl1a pacrmonoykeHa BepTUKaTbHO Ha pac-
crosiauu 30 cMm ot o6pasua (Puc. 1). Hactpoiiku xamepsr
ObUIN C/IeAYIOMMMU: CKOPOCTD 3aTBOpa 1/6 ¢, py4yHOII pe-
XuM pabortsr, auadparma Av F/11.0, ISO 100, 6e3 Bcmbii-
K11, pokycHoe paccrosguue 30 MM, o6bexTyB: DT-S18-70
MM U mkasnon gradparmsi f 3.5-5.6.

[l ocBellleHNs WCIONMb30BAMNCh YeThIpe TIOMIHEC-
tenTHble mamnbl Philips (Master Graphica TLD965) ¢ iieto-

Puc. 1. Cucrema KOMIBIOTEPHOTO 3peHMs (HmOTydeHMs: 1306pa-
>kenuii) [10]

Boit Temneparypoit 6500 K. Kaxxgas mamma 6br1a 060pypo-
BaHa CIIeIMa/IbHBIM paccenBaTesieM cBeTa. [ JOCTIOKeHNA
PaBHOMEPHOII IHTEHCHBHOCTY CBeTa JIaMIIbI (IymHa 60 cM)
HaXOJV/IVCh TIO7] YITIoM 45° Ha BbIcOTe 50 ¢M Hafi 06pasLom.
Jlammibl U Kamepa ObIM 3aKpeIUIeHbI BHYTPY [€PEeBSHHOTO
AIIMKa Kyondeckort popmbl (a = 80 cM) cO CbeMHBIM BepXOM
(Puc. 1). B smuke uMenoch oTBepcTe COOKY I BHECEHMA
o6pas1ia, 1 ellle OIHO — CBEpPXY, /IS BU3YaJIbHOTO OCMOTpa
o6pasla 10 1 IoCTIe M3MepeHuit. BHyTpeHHMe CTeHKY A1m-
Ka ObUIM IIOKPBITHI YEPHOI Helpo3padHoil doTorpadude-
CKOJI TKaHbBI0, YTOOBI MUHUMUSVPOBATH (POHOBBIII CBET.

I[Tocne Toro, Kak Kamepa ¥ MOHUTOP OBUIM OTKaIOpo-
BaHbI COITIACHO ONJCAHUIO, IIPUBELEHHOMY B MCCIE0Ba-
Hum Tomasevic u Tomovic [10], g aHanu3a nzobpaxe-
HUIT MCIIO/Ib30BAJIOCh IIporpaMMHoe obecredenne Adobe
Photoshop CC (64 6ura). Komopumerpuieckue xapakre-
puctuky RGB-1306pakeHnit ObIIN TOTYYeHBI C UCTIONb-
30BaHMeM CHUMKOB B ¢opmare RAW. OHU u3Mepsmuch
Ha UndpoBOM M300pakeHNM 0Opasia ¢ MCHONTb30BAHN-
eM «IUIEeTKN» (MHCTPYMEHTa I OIpefe/ieHNs] 1[BeTa)
B Photoshop (31 x 31 nukceneii).

Pasnuuus 6 yseme

Ob1iee pasnuune 118eta (AE) ompenensiocs ¢ UCIONb-
30BaHNEM CTaH/JAPTHOTO YPaBHEHN:

AE=\(a*-a*) + (b, - b*) + (Lt - L*)? )

3HaveHns a , b, L. 6bI1v MOMTyYeHbI 7 MACHBIX TTPO-
LYKTOB C ucnonb3oBanueM CVS, a sHaueHUA a, bM, L, —
¢ momoIbio Minolta.

Crerenb pasnuyuns OTTEHKA B KayeCTBe KOJIMYECTBEH-
HOTO TMOKasaTess HachilleHHOCTH 1BeTa (CY) paccumThi-
Bayach cornmacHo Fernandez-Vazquez u Stinco [11]:

C*=\(a+Db) (2)
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PasHnila B HachIEHHOCTM I[B€TA M 3HAYEHUM CBET-
JIOTBI PACCYUTBIBA/IACH C UCIIONb30BaHMEM CTaHJAPTHBIX
yPaBHEHMIL:

AC=Ct-C (3a)
AL=L¥-L* (3b)

Pasunma B orrenke AH paccuMThIBasach COIIACHO
Mokrzycki u Tatol [12]:

AH = VAE? - AL? + AC? (4)

Hccnedosanue cxoocmea

Vcnonb3yemble TeCTbI OBUIN B3SATBHI U3 VICC/IELOBAHNS
Girolami u Napolitano [5] ¢ He60nbIIMMY M3MEHEHUAMM.
Bo Bcex IpoBefieHHBIX UCTIBITAaHNUAX 14 9KCIIepTOB pa3Me-
LIa/ICh 10 OT/IEIBHOCTY Ha pacCTOSAHNUM ITpUMepHO 60 cM
OT Ka/IMOPOBAaHHOTO MOHNTOPA, OCHAI[EHHOT'O YMEHbIIIa-
formM 6muku skpanom (Compushade Universal Monitor
Hood, DulCO, CIIA), n ot 06pasijoB msca, pa3MelieH-
HBIX BHYTPU [IepeBsAHHOTO AmMKa cucremMbl CVS.

[t mpoBenenusi Tecta A aKcrepTaM ObUIO TIpefIoxKe-
HO NIPOaHa/IM3MPOBATh L[BETOBOE CXOJCTBO MEXAY M-
POBBIM 1300pakeHNeM, IIPeICTaBIeHHBIM Ha MOHUTOPE,
" 00pa3LioM MsCa, HaXOAAIEMCS B JIOTKE 13 MOIUCTUPO-
na. Y Hux 6b110 He 60rmee 30 CeKyHJ /IS OLIeHKM KaXKHO0-
ro obpasiia, U OTBET IO/DKEH OBIT OBITh «[a» WIN «HET».
B cydae IOO>XNUTENBHOTO OTBETA 9KCIIEPTHI IMENN BO3-
MO>XHOCTb OIIEHUTb CTelleHb CXOACTBA IO IATMOA/Ib-
Holl mKase JlajikepTa OT 1 «04eHb HU3KOE», 2 «HU3KOE»,
3 «yMepeHHOe», 4 «BBICOKOE» [IO0 5 «OU€HDb BbICOKOE.

Tect B BK/TI04yas B ce6st OfHOBpEMEHHOE OTOOpaKeHe
Ha MOHUTOpE IIBETOB, CT€HEPUPOBAHHBIX IIPOrPAMMOIL
Adobe Photoshop CC (2015) ¢ ncrionp3oBaHieM 3HaYEHMIT
L*, a* u b*, mony4yennpix kak cucremoint CVS, Tak u Kono-
puMeTpoMm (Minolta). IkcrepTam ObIIO IPERIOKEHO Olie-
HUTb, KaKOJ U3 [JBYX CreHePMPOBAHHBIX 1IBETOB OOJIbIlIe
COOTBETCTBYeT 00pasly NPOAYKTa, OTOOpakaeMOMy Ha
MOHUTODE.

Bo Bpems Ttecta C 3kciepraM ObIIO IPeIOXKEHO
OLIEHUTb YPOBEHDb pa3IMuMsa MeXJAy ABYMA ILBeTaMMu
(creHepMpOBaHHBIMU KOTOpPUMETpPOM U cucteMoitCVs),
oToOpa)kaeMbIMM Ha MOHUTOpE, B COOTBETCTBUM C ILf-
TUOAJIBHON WIKAIOM JlajikepTa OT 1 «O4eHb HM3KOE»,
2 «HM3KOEe», 3 «yMEpeHHOe», 4 «BBICOKOE» IO 5 «OY€Hb
BBICOKOE».

Cmamucmuueckuii aHanus

JlaHHbIe, MONy4YeHHbIe B MCCIEOBAHUN CXOJCT-
Ba (TecTl A, B), ObUIM IIpOaHANM3MPOBAHBI IS OII-
pemeneHus CTAaTMCTUYeCKON 3HAYMMOCTM Ha OCHO-
Be YAaCTOTHI KaXXOro OTBeTa (OMHOBBIOOPOUYHBIT
KpuTepmit X2), Ifie OXHJaeMas YacTOTa COCTaB/IA/NA
50 %. [l aHanM3a JaHHBIX IO CXOACTBY (TecT A) u pas-
munio (tect C) mcnonb3oBancss OfHOGAKTOPHBIN M-
crnepcuoHHblil aHanu3 ANOVA. [Ina BbIAB/IeHNA CTaTH-
CTMYECKUX PA3INYNIl MEXIY JaHHBIMU VCIIOTb30BAJICA
AMIOCTEPUOPHBIN KpUTepuil ThIOKM.

Pesynbprarsl 1 06CyXeHne

Msco nmuuyot

B xope Halero ucnpITaHuA 3HadeHuA LY, a* u b*, Hacbl-
I[EHHOCTD IBeTa ¥ OTTEHOK (YroJI IIBETOBOIO TOHA) Msca
ITUIBL, M3MepeHHbIe ¢ moMoubio cucteMbl CVS 1 Kojo-
pUMeTpa, CyLecTBeHHO paszmryamuch [13]. Cremnens pas-
JIMYYS] MeX/TY ABYMsI MCIIO/Ib3yeMbIMM TPMOOpaMu Tydlie
BCEr0 OTPa)kaeTcsl 3HaUYeHMeM OOILero pasnmmuus IBeTa
(AE). Yertkoe moporoBoe 3HaudeHue A OOHApY>KeHU
YeTTOBEKOM Pa3/lIN4Mil B IJBeTe MsACA He YCTAHOB/IEHO, HO
BEPOSITHO, YTO 9TA BEeIMYMHA COCTAB/ISAET OKOMIO 2-6 [14].

3nauenns AE B mmamasoHe or 2 mo 10 IMOKashIBaIoT,
YTO pa3HMIIA B I[BETE 3aMETHA C IePBOT0 B3IVIA/IA, a KOTAA
oHu 6orbuie 10, TO MOXXHO yTBEP>KAATh, YTO IIBETa CKO-
pee pasnmmMyaloTCs, YeM MMeT cXofcTBo [15]. CremoBa-
TenbHO, Ipu AE = 18,5 mna xypunoro msaca n AE = 22,04
JUISL MsICa VHAEVIKM MOXKHO 3aKJ/IIOYUTb, YTO Pe3y/IbTaThl
IBYX CUCTEM M3MEpEHMs LjBeTa 3HAYUTE/NIbHO OT/INYAIOT-
ca M maxe KoHTpactupymor [13]. IlomoxxurenbHble 3Ha-
yeHuss AL mjis Tex )Ke 0Opasi[oB MOKA3bIBAKOT, YTO I[BET,
MIOJTyYeHHBIiT ¢ moMolbio cucteMbl CVS, cBeTee LiBeTa,
HOJIY4EeHHOTO C ToMolbio KonmopuMerpa (Puc. 2). Opna-
Ko obuee pasmnune usera (AE) MeXAy AByMs MeTOZaMU
IJI YTMHOTO U TYCMHOTO MsICa COCTaBIIO JIMIIb IIOJIOBM-
HY OT 3HaueHMI], PACCUMTAHHBIX J/Is1 KYPUILIBL Y HIEVKIL.
Tem He MeHee, pu 3HaueHnsx AE Boiute 10 [13] pasnnuns
B I[BETE JO/DKHBI OBITh 3aMETHBI C IEPBOTO B3ITISI/IA, MK
I[BeTa JIOJDKHBI CKOpee pa3mnyaTbCs, YeM MMEeTb CXOMCT-
Bo. OTpunarenbHble 3HaueHNA AL 1 yTUHOM U TYCUHOI
TPYAKY CBUJETEIbCTBYIOT O TOM, YTO LIBET, IIOTy4eHHBII
¢ nomompio crucrteMbl CVS, TeMHee 11BeTa, MOTy4€HHOTO
¢ moMo1pio Komopumetpa (Puc. 2).

Msco mTHIbI CVS

Konopumerp

Kypuna

Nnpeiika

YTKa

I'ycp

Puc. 2. IIBera Msca NTUIIbI, U3MEPEHHbIE ABYMA MeTofaMu [13]
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Msico ouuu

Msco nuumu uMeer 6omee TEMHBIN KPaCHBIl OTTEHOK,
yeM MSCO JOMALIHMX >KMBOTHBIX [16], M XapakTepusyer-
Cs1 HM3KUMU 3HadeHussMu L* (avoke 40), BBICOKMMI 3Ha-
YeHUAMU a* U HUSKMMU 3HaYeHusMU b*, 4To sBisercs
IoKasaTesieM TeMHO-KpacHoro 1seta [17]. OgHako B xofe
HaIIleTo MCCIeNOBaHNU 3HaYeHMsA L*, a* 1 HaChIIeHHOCTD
1IBeTa, M3MepeHHble ¢ momolipio cuctembl CVS u xono-
pUMeTpa, CYIeCTBEHHO pas/mmyamnch [18]. Orpuiarens-
Hble 3HaveHus AL 1A Msica kabaHa U OJIeHs II0Ka3bIBAIOT,
YTO LIBeT, MOJY4eHHbIil C IoMobio cucteMbl CVS, Tem-
Hee I[BeTa, TOJIyYeHHOTO C ITIOMOIIbI0 KojmopuMeTpa. [Tpn
u3MepeHun ¢ nomoupio cucrempl CVS Bce sHaueHusa a*
ObUIY BBILIIE IT0 CPABHEHUIO C KOJIOPUMETPOM, U 3TO O3Ha-
JaeT, YTO I[BET, IIO/yYeHHBIN ¢ IToMolpio cucteMbl CVS,
sABIsIeTCsE 6ormee KpacHbIM (1n MeHee 3enmenbiM) (Puc. 3).
CraTucTyyeckyl 3HaYVMMBble pasmnuys MeXAY NpUMeHse-
MBIMI METOJAMU He HaOIIONaNINCh TOMbKO IS 3HAYEH I
b* n orrenka. OueBUHO, YTO Pa3IN4UsA B IL[BeTe Msca
U I[BETOBOJ CTAOVJIPHOCTYM MEXJY BUAMM >KVMBOTHBIX
B 3HAYUTE/NbHON CTeNeHU OOBICHIIOTCA PasmndysIMu
B X (M3MYECKOIT AKTUBHOCTY, B/IVSAIOLIEN Ha MbIIIEYHbIE
BOJIOKHA, KOHIIEHTPAL[MI0 MUOIIOOMHA ¥ COflep)KaHue
BHYTPMMBIIIEYHOTO >KIpa B MsACe, YTO, B CBOI0 OYepefb,
B/IMsIET Ha I[BeT MbII. [I09TOMy He Bce MACO JU4M TeM-
Hee I10 IIBEeTY, 4YeM MACO JOMAIIHNX >KMBOTHBIX [19].

[TapameTper 1Beta (L*, a*, b*, HachIIeHHOCTDb IiBe-
Ta ¥ OTTEHOK), M3MepeHHbIe C IIOMOLIbI0 crucTeMbl CVS

Msco puran Konopumerp

Ilepenen

Puc. 3. I]Bera Msca jyuy, M3MepeHHbIe iByMs MeTopiamu [18]

st 6ormee cBeT/IBIX 06pa3ioB Msica au4u (meperen, da-
3aH 1 KPOJIUK), CTATUCTUYECKN OT/INYAINCh OT 3HAYEHNIA,
M3MEPEHHBIX C MCIONb30BaHMeM Komopumetpa [18]. ITo-
JIOKUTENIbHbIE 3HaYeHuA AL IeMOHCTPUPYIOT, 4TO IBET,
IIOJTyYeHHBIII ¢ IoMolbio cucteMbl CVS, cBeTiee 1iBeTa,
HIOJTY4€HHOTO € IOMOIIIbI0 KomopyuMeTpa. I1pu n3mepenun
¢ nomoupio cucrembl CVS Bce 3HayeHus a* 6buin 3Ha-
YNTEIBHO BBIIIIE TI0 CPABHEHMIO C KOJIOPUMETPOM, U ITO
O3HAYaeT, YTO LIBET, NIOTyYEeHHDIII C IIOMOIIBI0 CHCTEMBbI
CVS, saBnsercsa 6onee KpacHBIM (MM MeHee 3e/IeHbBIM)
(Puc. 3). ITonoxxuTenbHas: pa3HMIIa B HACBILIIEHHOCTH I[Be-
ta (AC) osnavaet, uto CVS-creHepupoBaHHbIe 3HAYEHNUS
[[BeTa JI/Is1 Msica TIePeTeNioB ¥ KPOIMMKOB SIBIISIOTCS Ooree
HACBIIIIEHHBIMI, YeM 1IBETOBbIE ITapaMeTPbl, I3MePEeHHbIe
¢ nomopio konmopumerpa [18]. CVS-crenepupoBaHHbIe
3HA4YEHNsI 1[BETA VIME/IU CMellleHNe B KPaCHOM HallpaBrie-
HUY II0 CPAaBHEHMIO C IIBETOM, IIO/Ty4eHHBIM C IIOMOIIBIO
konopumetpa (Puc. 3), HOCKONMBKY IIpU M3MEPEHUM KO-
JIOPYIMETPOM BCe 3HAUEeHUSA OTTEHKA OBUIM CYIeCTBEHHO
BBIIlIE 110 CPABHEHWIO C [AHHBIMY, HOMTYYEHHBIMU CHC-
temoit CVS. 3Hauenns AE Haxomuanuch B JMaIlasoHe OT
9,67 10 19,01, 4TO yKa3bIBa€eT Ha CyL€CTBEHHDIE PA3INYNA
MEXJY IBYMsI CUCTeMaMI IIpyU u3MepeHun 60siee CBETIBIX
06pasioB Maca guun (18], a B cyyae MsAca KponmKa fgaxe
HaOTIOIAI0Ch KOHTPACTUPOBAHME.

MscHvie npodykmuvl

Korza oljeHnBamiucp paBHOMEPHO OKpallleHHbIe MsIC-
HbIe TIPOAYKTHI, 3Ha4eHVs obIero pasmnuns nseta (AE)
BapbUPOBAJIVICh OT 6,7 IS CAaBENIOJICKON Kon6acsl 1o 26,0
JUISL CBMHOTO NPOIIYTTO. [I/1s1 60IBIIMHCTBA MACHBIX IIPO-
IYKTOB C OFHOPOSHBIMM IIOBEPXHOCTAMM 3HadeHMe AE
65110 okomo 10 [10]. ITonoxxurenpable 3HaYeHnss AL mis
PaBHOMEPHO OKpAlIeHHBIX MACHBIX IPOAYKTOB IEeMOH-
CTPUPYIOT, YTO IBET, NU3MEPEHHBII C IOMOIIBIO CHCTEMBbI
CVS, cBetee 1BeTa, NONTYyYEHHOTO C IOMOIIBIO KOJIOPK-
Mmetpa. Ilpn nsmepennn c nomompio cucrembr CVS Bce
3HayeHus a* ObUIM BBIIE II0 CPAaBHEHUIO C KOJIOpMMe-
TPOM, U 3TO O3HAYaeT, YTO I[BET, IOMYYEHHBIN C IIOMO-
mpio cucrembl CVS, sBsietcst 6omnee kpacHbiM (Puc. 4).
3a MCK/TIOYeHMeM CBUHOTO IIPOLIYTTO ¥ ChIPOJ KO/MOACHI,
BCe 3Ha4YeHMs b¥, M3MepeHHbIe C TOMOIIIbI0 KOJIOPUMETPa,
ObUIV 3HAUMUTENBHO BBILIE, YeM 3HAYeHMs, IIO/ydeHHbIe
¢ momobio cuctembl CVS [10]. 9To 03HavaerT, 4TO I1BETA
PaBHOMEPHO OKpAIIEHHBIX MACHBIX IIPOJYKTOB, IIOJTyYeH-
Hble ¢ omouibio cructeMsl CVS, 6butn 6omee romyObMu
(nn MeHee >KeNTHIMM) II0 CPaBHEHMIO C IIBETaMy, IIO-
nydeHHbIMU KomopumerpoM (Puc. 4). ITomoxurenpHas
pasHmua B HacelmleHHocTH 1Beta (AC) o3Hayaet, 4TO
CVS-crenepupoBaHHbIil IIBET BapeHOI BeTUYMHBI, CBIHO-
O M TOBSXKbEro IPOLIYTTO U ChIPOI Kombachl Horee Ha-
CBIIeH, YeM IIBeT, TOTy4eHHbIl KonopumerpoM [10]. [lna
TOBSDKbET0, KYPMHOTO ¥ IIe4YeHOYHOTO IAIITeTa, BApeHO-
KOITYEHOJI CBVHIHBI, CapfielieK U CaBeIOICKOI KOmbachl
HaO/oanach obparHas curyanus. Hame nccnenoBanue
cornmacyercsa ¢ BeiBogaMu Valous n Mendoza[20] B ToMm,
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410 CVS — 9TO MHCTPYMEHT, KOTOPBII MOXXET O0'beKTIB-
HO OIpeJIeATh IIBeT BapeHO! BeTYMHBL

IIpopykt (A Konopumerp

T'oBsixmit mamreT
IleyeHOYHBIIT MAIITET
Kypunblii namrer
Cappenbku £ar
CaBeioiickas Konoaca

Bapenas BeTunHa

4 ¥
)
900000

\
y

\\
4

Komuenas cBuHMHA

/
b

CBUHOI MPOIIYTTO

T'oBs>KuMit mpouryTTo

Coipas Konbaca

. .“

Puc. 4. [[Bera paBHOMEPHO OKPAILIEHHBIX MACHBIX IIPOJYKTOB, 3Me-
penHble ABYM: MeTopamu[10]

[IByXuBeTHBIE MACHBIE IPORYKTHI, TaKMe KaK MOpTa-
menta, OEKOH, cyXas CBMHaA IIefiKa WIM IMaH4YeTTa, CO-
CTOAT 13 (PPAarMEHTOB MsACa U XUpa, padMep KOTOPBIX
6onpire pasmepa ameprypbl Minolta (8 mM), mcmons-
30BAaHHOI'O B HallleM JCCIefOBaHUY, 4TO II03BOJISET
He3aBJMCUMO U3MEPATH [jBeTa 3TUX (PpParMeHTOB Ha KO-
nopumerpe. Ob1ee pasamyue 1[BeTa MEXAY ABYMA CIO-
cobamn 11 pparMeHTOB MsACa HaXOAWIOCH B IMaIla30He
ot 7,3 mo 14,6, a mia q)parMeHTOB Xupa — or 7,7 go 12,9
[10]. IIpu n3mepennn ¢ nomompio cuctemel CVS ¢par-
MEHTBI MsACa HOMy4Ya/INCh 60Iee TEMHBIMM, @ PParMeHThI
K1pa 6ojee CBETIBIMY II0 CPABHEHMIO C KOTIOPUMETPOM
(Puc. 5a).

HepaBHOMEpPHO OKpalleHHbINI MACHOM NPOAYKT —
3TO MI000J NPOAYKT, KOTOPBIN COMepXUT (parMeH-
TBI Msica ¥ JKMpa, CIMIIKOM MefKkue (MeHee 8 MM) st
TOTO, YTOOBI KOJIOPMETP CMOT OL|eHUTb MX I[BET IO OT-
penbHOCTHU. [T03TOMY, KOTZIa M3MEPSICA LIBET TOBSKbEIl
U CBMHOJ BAJIEHO Konmbachl Wiy rambyprepa, 3Hade-
HuA L*, a*, b*, nonydeHHBIe ¢ TOMOILIBIO KOJIOPUMETPA,
ObUIM OMHAKOBBIMU i1 (QParMeHTOB Msica M OKMpa.
ITockonpky B cucreme CVS mcnonbsyeTca «IMIIETKa»

13 x 13 nmuKcenen, TO BOSMOXXHO M3MEPUTD LIBET MACHDBIX
U >KMPOBBIX (PparMEeHTOB IO OTHENIbHOCTU. B pesyib-
Tare, MaKCMMajbHOe O0Iee pasnuume I[BeTa MSCHBIX
¢dparmentoB (AE = 20,3) HaOMO[ANOCH /IS TOBSDKbEI
BSJICHOJ KOJI0achl, a MaKCUMaJlbHOe ofllee pasnnyue
uBseta xxupa (AE = 35,3) — [1s1 CBUHOI BSIZIEHOM KOJI-
6acel [10]. DTy HeOOBIYAIHO BBICOKME 3HAYEHUA OOIIe-
ro pasanums 1Bera [21] HeMOHCTPUPYIOT, YTO IIBETa,
HO/Ty4YeHHbIe NIPM OLIEHKe ABYMs PasHBIMU METOJAMI,
OKas3a/IMCh MOYTY IPOTUBONONOXKHBIMY [15]. IIBeT Msic-
HBIX (ParMeHTOB, HMOMTYYEHHBIN C MIOMOIIBIO CHUCTEMBbI
CVS, 6blI 3HaYNTEIBHO TeMHee, UMeNl 6ojee BBICOKYIO
MHTEHCUBHOCTD 1 OBUI 60/Iee HAaCHIIIIEHHBIM IO CPaBHe-
HUIO C IIBETOM, IIO/IyYeHHBIM C IOMOLIbIO KOJIOpUMeETpa
(Puc. 5b). Insa CVS-crenepupoBaHHBIX 3HAYEHNUII IjBETa
Kupa Hab/Ioganach MpOTUBOIIOIOXKHAS KapTuHa. V3-3a
BBICOKOJ M3MEHYMBOCTM U CIOKHOTO pacIipefeneHus
[[BeTa B HEPAaBHOMEPHO OKPALIEHHBIX MsCHBIX IPOAYK-
TaX KOJIOPMMETP He CMOT TOYHO OLIEHUTH I[[BET MSICHBIX
U KUPOBBIX (PparMeHTOB. BMecTo 3TOrO KOmopmmerp
BOCIIPOM3BOAWI 3HaYeHMs L¥, a*, b*, KoTopble npencTas-
751 cO00T1 HEYTO CpefiHee MeX Y ABYMsI pparMeHTaMu.
Hamre nccnegoBanne cormacyercs ¢ BpiBogamn Girolami
u Napolitano [22] o Tom, uto cuctrema CVS — 310 MH-
CTPYMEHT, C IIOMOIIBI0 KOTOPOTO MOXKHO OOBEKTVMBHO
OLIEHMBATD LIBET BAJIEHBIX KObac.

IIpomyxr M:cHoit pparment Kuposoii pparment

CVS Konopumerp

a) JABYXIIBETHbIE CVS Konopumerp

Mopragenna

KomueHslit 6eKoH

CpIpoBsieHast
CBMHAA LIEJKa

[TanuerTa

b) HepaBHOMepHO
OKpallIeHHbIe

CbIpoKomyeHast
Konmbaca
U3 TOBSIIVHbI

CbIpoKITyeHast
Konmbaca
U3 CBUHUHBI

CBUHO

rambyprep

ToBsxmit
rambyprep

Puc. 5. IIBera ABYXIIBETHBIX WIV HEPABHOMEPHO OKPAIICHHBIX MAC-
HBIX IIPOJYKTOB, M3MepeHHbIe ABYM:A MeTogamu[10]
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Tabnuna 1. Pe3ynbraThl McCefOBaHIs CXOLCTBA

YacroTa cxoacTBa
(rect A)
ToBsxuit mamrer 100 %
IleyeHOYHBIIT MAIITET 100 %
Kypunbiii namrer 92,9 %
ToBs:KbA BANEHad Kombaca 92,9 %
CBuHas BAIeHas Konmbaca 100 %
Cappenbpka 100 %
Casenoiickas Konbaca 100 %
Moprapemnna 100 %
Bapenas BeTunna 100 %
BapeHo-KomyeHbIil 6eKOH 92,9 %
BapeHno-komyenas cBuHIHa 100 %
CBMHOII IPOITYTTO 100 %
ToBsxuit mponryTTO 100 %
Cyxad cBUHaA 1IeiiKa 92,9 %
ITanueTTa 92,9 %
CBuHOIT raMm6yprep 100 %
ToBspxmit ram6yprep 100 %
CsIpas Kom6aca 100 %
Kypunas rpygka 100 %
YTunas rpyaka 100 %
I'ycunas rpynka 100 %
MNupromayubs rpygka 100 %
Ilepenen 100 %
Ka6an 100 %
Kpomuk 85,7 %
Onenn 100 %
®aszan 100 %

CVS no cpaBHeHNI0

CremeHb CX0CTBa CreneHsp pasmmans
) € KOTIOPMMETPOM (rect C)
(Tect B)
3,4+ 1,4% CVS (100 %) 3,0 + 1,10
3,6 + 1,1 CVS (100 %) 2,4 +1,1b¢
3,5+ 1,05 CVS (100 %) 2,1 +1,00b¢
3,6 + 1,0 CVS (100 %) 3,2 +0,4%5¢
4,0 +0,8"" CVS (100 %) 2,3 £ 0,550
4,0 + 1,1>° CVS (100 %) 1,7 + 0,5%°

3,8 +0,9%" CVS (100 %) 1,2+ 0,5
2,9+1,2° CVS (100 %) 2,141,155
3,0 +1,2%° CVS (100 %) 3,6 +£0,3>¢
3,1 +1,3% CVS (100 %) 2,2 +0,4%P¢
3,5+ 1,0 CVS (100 %) 2,8 +1,2%b¢
4,1 +0,8>° CVS (100 %) 4,2 +1,0°
3,6 £0,9%° CVS (100 %) 3,1 +1,8%b¢
3,5+ 1,3%" CVS (100 %) 3,0 +0,7%%¢
2,8+1,5 CVS (100 %) 2,7 £ 1,5%b¢
2,8 +1,0° CVS (100 %) 2,0 + 1,0%>¢
3,4+ 1,35 CVS (100 %) 2,7 £ 1,000
4,4 +0,8" CVS (100 %) 3,2 +1,5%b¢
1,7 £ 0,8 CVS (100 %) 3,8+1,4°
2,4 + 1,0 CVS (100 %) 1,8+ 0,4°
3,1+0,8 CVS (100 %) 1,4 +0,5°
2,9 +1,03" CVS (100 %) 4,7 +0,7°
2,7 +1,3* CVS (100 %) 3,6 £1,4°
3,4+1,3° CVS (100 %) 1,9 +£0,9>¢
2,7 +£1,2° CVS (100 %) 42+1,2
4,1 +0,8" CVS (100 %) 1,0 + 0,0¢
3,2+ 1,20 CVS (100 %) 3,4+1,3%

CpenHue 3HaYeHN: B OTHOI ¥ TOJI >Ke KOIOHKe C Pa3HbIMI HaICTPOYHBIMI OyKBaMy 3HaYNTeNbHO oTanyaoTcs (P <0,05).

Hccnedosanue cxoocmea

Pesynbrarel mepBoro Tecta cxopcTa (TecT A) MeX-
Iy uBeToM (aKTUYecKOoro obpasia MACHBIX IPOAYKTOB
u CVS-creHeprpOBaHHBIM I[BETOM M300pa)KeHMs, OTO-
OpakaeMOro Ha MOHMTOpe, IIOKa3aay, 4YTO OSKCIIEPTHI
MOCYMTAMN LUPPOBBIE M300PKEHMS CXOKUMM C (ak-
Trdeckumu obpasuamu (P<0,001). Jns Bcex o6pasijos
Msca NTULBL ¥ AMYM YACTOTA CXOACTBA, ONpPENe/IeHHOTO
aKcriepramu, coctasisiaa 100 % (Tabmmua 1). 1o o3Hava-
eT, 4yTo 14 u3 14 axcepToB COYN, YTO q)aKTI/I‘JECKI/[ﬂ BeT
Bcex 00pasI[OB aHAJOIMYeH ILIBETY, CTeHEPUPOBAHHOMY
cuctemoit CVS. Hacrora cxofcTBa I MACHBIX IIPOAYK-
TOB TaK)XKe OblIa OYeHb BBICOKOIl U BapbMpPOBaIach OT
92,9 % pnsa KypUMHOTO TAIITETA, TOBAXbEN KO10achl, KOII-
4eHOro OEeKOHa, CyXOll CBMHON ILIEVKM U ITAHYETTHI [0
100 % my1s1 BCeX OCTAIbHBIX 00Pa31I0B MACHBIX IIPOYKTOB.
[l 06pasijoB Msica NTUIBI YPOBEHDb CXOZICTBA BapbyUpO-
BaJICSL OT «HM3KOTO» JI0 «yMEPEeHHOTO», a JyIA 00pasIoB
MsCa AUYU U MACHBIX IIPOAYKTOB — OT «YMEPEHHOTO0» 10
«BBICOKOTO».

3HaueHN 1O MATNOA/UIBHON IIKaJe JlatikepTa, 1 oT
1 «04eHb HU3KOE», 2 «HU3KOE», 3 «<yMEPEHHOE», 4 «BBICO-
KOoe» 10 5 «04eHb BBICOKOE».

Tect B mokasan, uyro Bo Bcex (100%) umcnbITaHMsX
CVS-crenepupoBaHHble 11BeTa ObUIM OO/lee MOXOXKM Ha

00pasiubl MsAca ITUIBI, MACA ANYY U MACHBIX IPOAYKTOB,
oTtobpakaeMble HA MOHUTOPE, TI0 CPABHEHMIO C IIBETaMU,
HOTyYeHHBIMU C IOMOIIbIo KonopuMeTpa (Tabmmua 1).

Tect C B OTHOLIEHMM MACHBIX IPOAYKTOB IIOKA3aJ,
YTO, COIVIACHO OLIeHKE 9KCIIEPTOB, CTENEeHb pasInyus
MeXJy IIBeTaMl, CreHepupoBaHHbIMM cucTemMont CVS
Y KOJIOPUMETPOM, 1 LIBeTaMI, 0TOOpakaeMbIMI Ha MOHY -
TOpe, BapbMpoBanach ot 1,2 («0oueHb HU3KOe») I caBe-
JIOTICKOIT KO/mbachl 710 4,2 («BBICOKOE») Ji/Isl CBUHOTO TIPO-
myTTo. Hanbornpliree pasmiyye MeXxy LiBeTaMM /IS Msca
OTUIBI HAOMIONANOCh B CIy4yae MHAEHKM (4,7 — «O4eHb
BBICOKOE»), a JUIsI Msica AN4M — B CIy4ae Kponuka (4,2 —
«BBICOKOE»).

3akiaodyeHne

MbI uCXOOMM M3 TOrO, 4TO OJHMM M3 IIAPaMETPOB,
BIMAINX Ha pasnuyue MeXJY JByMd METOJNAMI B OT-
HOIIEHMM M3MEPEHNUs IIBeTa MsACa M MACHBIX IPOAYK-
TOB, MOXXET ABIATHCA INyOMHA IPOHMKHOBEHNA CBeTa
OT ICTOYHMKA OCBeleHrs. B Hamem mccnegoBanum cBer,
MICTIONb3yeMbIll B 060MX YCTPOMCTBAX, MME OJMHAKOBYIO
1BeTOByI0 TemmepaTypy (6500 K), Ho B3ammopeiicTBme
cBeTa ¢ 00pasljaMy MACHBIX IPOJYKTOB, OYEBUJHO, 3a-
BJCeNO OT ycTpoiicTBa. Ilo TeM >ke mpuuMHaM, 4TO Ha-
OmIoffanmich B MCCNIEOBAHUY IBeTa MsACA, IPOBOIAVIMOM
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Girolami n Napolitano [5], MbI cunTaem, 4T0 KOJIOpUMETP
He IOAXONMT JyIA aHa/au3a LiBeTa MsACHBIX IPORYKTOB.
[TpuuuHOI 3TOrO ABNAETCA IOTYNPO3paYHASA M ONTHYe-
CKVI HEO[HOPOZIHAsI Cpefia MACHBIX IPOAYKTOB, TaK Kak
KaK B HJMX IPUCYTCTBYIOT pa3/IN4Hble KOMIIOHEHTHI. Ko-
JIOPYIMETP MOMeEIAeTCA Ha TIOBEPXHOCTD 00pasla, 1 Ipo-

Introduction

Color is primarily a personal experience. Without col-
or, visual and emotional experience we have while look-
ing at world around us, including our food is imperfect.
Visual appearance is the first to arise for most foods. Color
influences meat-purchasing decisions as well. For the con-
sumers, major indicator of freshness and wholesomeness
is discoloration, making color a major meat quality factor
(1]. This information is apparent to meat producers, retail-
ers, and to researchers in meat science and technology, as
well. Importance of color is also reflected in the fact that
improving color stability of meat and meat products will
influence their shelf life by increasing the time that meat is
still visually acceptable to consumers at retail [2].

To ensure food conformity to consumer expectations,
it is critical for the food processing industry to develop ef-
fective color inspection systems to measure the color infor-
mation of food product. Traditionally, instrumental poul-
try meat color is assessed with a colorimeter [3]. However,
all colorimeters have the disadvantage that the surface to
be measured must be uniform and rather small (~2-5 cm?)
[4] which influence bias in measurements. Another prob-
lem is that optically non-homogeneous medium such as
poultry meat, refract, reflect, diffuse and absorb the light
beam emitted by the colorimeter [5] causing deviations in
all color dimensions evaluated.

With the aim of measuring food color rapidly and
non-invasively, new objective and consistent methods are
required for the effective color control of poultry meat.
Among numerous new sensing technologies assessment
of agricultural and food products, computer vision sys-
tem (CVY) is a novel technology for food color evaluation
[6,7,8]. The aim of this review was to present the applica-
tion of CVS for instrumental color evaluation of poultry
meat, game meat and meat products with various physi-
cal properties and its advantages over the traditional color
measuring method.

Material and methods
Samples of meat and meat products

The research was carried out on m. pectoralis major
samples of three animals for each of the four poultry spe-
cies (chicken, turkey, duck and goose) and five game meat
species (quail, wild boar, rabbit, deer and pheasant). We
selected the samples in a retail setting. Before color anal-
ysis, freshly cut meat samples, about 3.00 cm thick, were
individually placed on white polystyrene foam trays with
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HUKHOBEHJE CBeTa BHYTPb MACHOTO IPOAYKTa BBIIIE,
yeM IIpM MCIonb3oBanum cuctemel CVS. OTo BbI3bIBaeT
MHO>KeCTBEHHBIE OTPaKeHMs 1 peppakIuy B MecTax OIl-
TUYECKOJl HEOTHOPOZHOCTH, YTO IPUBOANT K Auddysnn
(paccesiHMIO) CBeTa OT MCTOYHMKA OCBeleHus [23], memas
U3MepeHMs KOJIOpUMeTpa MeHee TOUHBIMIL.

a consistent color and over wrapped with a transparent
PVC film permeable to oxygen. Then they were placed in
a bench refrigerator at 4 °C for 30 min to obtain myoglo-
bin oxygenation. The PVC film was removed before color
measurement.

Based on the treatment of raw materials and the indi-
vidual processing steps and taking into account the pro-
cessing technologies used, it is possible to classify pro-
cessed meat products in six broad groups of processed
meat products [9]. In our research, within each product
category, there were at least two and maximum four repre-
sentative samples adding together 18 different meat prod-
ucts investigated.

Minolta CR-400 colorimeter

Minolta CR-400 colorimeter was used with 8 mm aper-
ture, 2° observer, illuminant D65 and pulsed xenon lamp as
a default light source. Glass cover was applied over the ap-
erture port while measuring. A calibration of a device with
white tile standard was performed before each analysis.

Computer vision system (CVS)

A Sony Alpha DSLR-A200 digital camera (10.2 Mega-
pixel CCD sensor) was used. The camera was located verti-
cally at a 30 cm distance from the sample (Figure 1).The
camera setting was the following: shutter speed 1/6 s,
manual operation mode, aperture Av F/11.0, ISO velocity

Figure 1. Computer vision (image acquisition) system[10]
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100, flash oft, focal distance 30 mm, lens: DT-S18-70 mm
t3.5-5,6. Four Philips fluorescent lamps (Master Graphica
TLD 965) with a color temperature of 6500 K were used
for lighting the CVS. Each lamp was equipped with a
designated light diffuser. In order to achieve the uniform
light intensity on the sample, the lamps (60 cm length)
were located at a 45° angle and 50 cm above the samples.
Both the lamps and the camera were fixed inside a cubical
(a = 80 cm) wooden box with a removable top (Figure 6).
The box had an opening to the side for sample entry and
the other on the top for visual inspection before and af-
ter the measurements. The internal walls of the box were
coated with black opaque photographic cloth to diminish
background light.

After the camera and the monitor were calibrated, as
explained in the investigation of Tomasevic, Tomovic [10],
the Adobe Photoshop CC (64 bit) software was used for
image analysis. The colorimetric characteristics from RGB
images were acquired using RAW photographs. They were
measured on the digital image of the sample, using a Pho-
toshop (31 x 31 pixels) Average Color Sampler Tool.

Color changes

Total color difference (AE) was determined by using the
standard equation:

AE=N\(a*-a¥) + (b, - b*) + (L - L*)? 1)

Values for a o b o L. were obtained from the meat prod-
ucts using CVS, and for a, bM, L,, using Minolta.

Degree of difference of hue as the quantitative attribute
of colorfulness chroma (C*) was calculated according to
Fernandez-Vazquez, Stinco [11]:

C*=AN(a+b) 2)

The difference in Chroma and lightness value was cal-

culated using standard formulas:
AC=C*-C} (3a)

AL=L*-L (3b)

Hue difference AH was calculated according to Mokr-
zycki and Tatol [12]:

AH =~NAE* - AL* + AC?

Similarity tests

(4)

The tests used were adopted from the investigation of
Girolami, Napolitano [5] with slight modifications. For all
the tests performed, 14 panelists were individually seated
at a distance of approximately 60 cm from the calibrated
monitor, equipped with a shade that reduces glare (Com-
pushade Universal Monitor Hood, DulCO, USA), and
from the meat samples presented inside the CVS wooden
box.

For the test A, panelists were asked to individually ana-
lyze the color similarity between a digital image displayed
on the monitor and a meat sample presented on polysty-
rene trays. They had up to 30 s to evaluate each sample
by answering «yes» or «no». If yes, the panelists had the
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opportunity to rank the level of similarity according to a
five-point Likert scale from 1 «very low», 2 «low», 3 «mod-
erate», 4 «high» to 5 «very high».

Test B included displaying colors generated by Adobe
Photoshop CC (2015) using the L*, a* and b* values ob-
tained from both the CVS and Colorimeter (Minolta) data
together on the monitor and panelists were asked to evalu-
ate which of the two generated color chips was more simi-
lar to the sample of the product visualized on the monitor.

During the test C, the panelists were asked to evaluate
the level of difference between the two color chips (col-
orimeter and CVS) displayed on the monitor ranking it
according to a five-point Likert scale from 1 «very low»,
2 «low», 3 «xmoderate», 4 «high» to 5 «very high».

Statistical analysis

The data gathered from the similarity tests (A, B) were
analyzed to determine statistical significance based on the
frequency of each response (x2 One sample test), where
the expected frequency was 50 %. In order to analyze data
in respect to level of similarity (test A) and level of differ-
ence (Test C), one-way ANOVA was used. To distinguish
statistical differences between the data, Tukey’s post hoc
tests were performed.

Results and discussion
Poultry meat

The L*, a*, b*, chroma and hue angle values of poultry
meat, measured with CVS and colorimeter in our experi-
ment, were significantly different [13]. The magnitude of
colour difference between the two equipment’s used is best
represented by the total colour difference value (AE). The
clear threshold for human meat-colour difference detec-

Colorimeter

Duck

Goose

Figure 2. Color of poultry meat as measured by the two methods [13]
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tion has not been established but a possible value could
be around 2-6 [14]. The values of AE in a range from 2-10
indicate that the difference in colour is perceptible at a
glance and when they are larger than 10, we can conclude
that colours are more opposite then similar [15]. There-
fore, with we AE=18.5 for chicken meat an AE= 22.04 for
turkey meat, we can concludethat the two systems mea-
sured their colour significantly different and even contrast-
ing[13]. Positive AL values for the same samples indicate
that the colour measured with CVS was lighter than the
colour obtained with colourimeter(Figure 2). However, the
total color differences (AE) between the two methods, for
duck and goose were half the values calculated for chicken
and turkey. Yet, with the AE values above 10[13] these dif-
ferences in color should be perceptible at a glance or con-
sidered more opposite then similar. Negative AL values for
duck and goose breasts indicate that the color measured
with CVS was darker than the color obtained with color-
imeter (Figure 2).

Game meat

Game meat is darker red in appearance than meat from
domestic animals [16], and is characterized by low L* val-
ues below 40, high a* values and low b* values which are
indicative of the dark red color [17]. However, the L*, a*
and chroma values measured with CVS and colorimeter in
our experiment were significantly different [18]. Negative
AL values for wild boar and deer meat indicate that the col-
or measured with CVS was darker than the color obtained
with colorimeter. All the a* values were higher when mea-
sured with CVS compared to colorimeter meaning that the
color obtained with CVS was more «red» (or less «green»)
(Figure 3). The statistically significant differences between
applied methods were not observed for b* and hue angle
values. It is evident that differences in meat color and color
stability between species can largely be attributed to differ-
ences in their activity, which influences the muscle fiber
type, Mb concentration and intra muscular fat content of
the meat, which in turn influences muscle color. Therefore,
not all game meat is darker in color than meat from do-
mestic animals [19].

The instrumental color values (L%, a*, b*, chroma and
hue angle) obtained with CVS for lighter colored game
meat samples (quail, pheasant and rabbit) were statistically
different from the same values obtained with colorime-
ter[18]. Positive AL values indicate that the color measured
with CVS was lighter than the color obtained with color-
imeter. All the a* values were much higher when measured
with CVS compared to colorimeter meaning that the color
obtained with CVS was more «red» (or less «green») (Fig-
ure 3). The positive difference in chroma (AC) meant that
the CVS-generated color of quail and rabbit had greater in-
tensity (were more saturated) then colorimeter-generated
colors [18]. The CVS-generated colors were in a clockwise
direction from colorimeter-generated colors, represent-
ing a shift in the red direction (Figure 3), since all the Hue
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Colorimeter

Rabbit

Pheasant

Figure 3. Color of game meat as measured by the two methods [18]

angle values were significantly higher when measured with
colorimeter compared to CVS. The values of AE were in
a range from 9.67-19.01 indicating that for lighter colored
game meat samples, the two systems measured their color
significantly different [18]and in the case of rabbit meat
even contrasting.

Meat products

When a color of uniformly-colored meat products was
evaluated, the total color difference value (AE) ranged
from 6.7 for Saveloy sausage up to 26.0 calculated for Pork
prosciutto. For the majority of meat products with homog-
enous surfaces AE was around 10 [10]. Positive AL values
for uniformly-colored meat products indicate that the col-
or measured with CVS was lighter than the color obtained
with colorimeter. All the a* values were higher when mea-
sured with CVS compared to colorimeter meaning that the
color obtained with CVS was more «red» (Figure 4) With
the exception of pork prosciutto and raw sausage, all the
b* measured with colorimeter were significantly higher
than the values obtained with CVS [10], meaning that the
colors of uniformly-colored meat products acquired with
CVS were more «blue» (or less «yellow») compared to col-
orimeter-acquired color (Figure 4). The positive difference
in chroma (AC) meant that the CVS color of cooked ham,
pork and beef prosciutto and raw sausage, had greater in-
tensity or were more saturated than colorimeter generated
colors[10]. The opposite was observed for the beef, chick-
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Product CVS  Komopumerp
Beef pate .
Liver pate ‘
Chiken pate @
V] B A i
Frankfurter B
Saveloy saus : Q
Cooked ham ( % . ) O .
Vi
Smoked pork ( )
N 4
Pork prosciutto ‘ ' .
Beef prosciutto . ‘ .
Raw sausage ‘ . .

Figure 4. Color of uniformly colored meat products as measured by
the two methods [10]

en and liver pate, smoked-cooked pork, frankfurter and
Saveloy sausage. Our investigation is in concurrence with
the conclusions of Valous, Mendoza [20] that CVS is a tool
that can objectively specify color of cooked-hams.
Bi-colored meat products, like mortadella, bacon, dry
pork neck or pancetta, consisted of meat and fat segments
that were larger than Minolta aperture size (8 mm) used in
our experiment, allowing colorimeter to measure their col-
or independently. The total color differences between the
two methods of the meat segments were in a range from
7.3 up to 14.6 and for the fat parts in a range from 7.7 up
to 12.9 [10]. Meat segments were assessed in darker and fat
segments in lighter colors when measured with CVS com-
pared to colorimeter (Figure 5a.) Non-uniformly colored
meat product was any product that has meat and fat parts
that are too small (Iess than 8 mm) for colorimeter to in-
dependently assess their color. Therefore, when the color
of beef and pork fermented sausage, and hamburger was
measured, the L*, a*, b* colorimeter-generated values for
both meat and fat parts were the same. Because CVS used
13 x 13 pixels Average Color Sampler Tool, it was capable of
measuring the color of meat and fat parts independently.
This resulted with the highest total meat-parts color dif-
ference (AE = 20.3) observed for beef fermented sausage,
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and maximum total fat-parts color difference (AE = 35.3)
observed for pork fermented sausage[10]. These extraor-
dinary high values for total color differences[21]indicated
that the colors assessed by the two methods were almost
exact opposites [15]. The color of meat parts measured with
CVS was significantly darker, had greater intensity and
were more saturated, compared to colorimeter-measured
equivalents(Figure 5b). The opposite was observed for
CVS-generated fat color. Due to the high variability and
complex color distribution in non-uniformly colored meat
products, the colorimeter was unable to assess accurately
neither the color of meat nor the color of fat parts. Instead,
colorimeter reproduced L*, a*, b* values that were some-
where «in between» the two segments. Our investigation is
in concurrence with the conclusions of Girolami, Napoli-
tano [22] that CVS is a tool that can objectively evaluate
color of fermented sausages.

Product Meat part

CVS Colorimeter

T
Smoked bacon \

200
ee

Fat part

CVS  Colorimeter

a) bi-colored

Mortadella

Dry porck neck

Pancetta

b) non-uniformly
colored

Beef fermented
sausage

Pork fermented
sausage

Pork hamburger

Beef hamburger

Figure 5. Color of bi and non-uniformly colored meat products as
measured by the two methods[10]

Similarity tests

The results of the first similarity test (test A) between
the colour of the actual sample of meat products and the
CVS obtained colour of the image displayed on the moni-
tor, showed that the panelists found the digital images sim-
ilar to the actual samples (P <0.001). Frequency of similar-
ity assessed by the panelists was 100 % for all poultry meat
and game meat samples (Table 1). This means that 14 out of
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Table 1. Similarity tests results

Frequency of similarity

(test A)
Beefpate 100 %
Liver pate 100 %
Chicken pate 92.9%
Beef fermented sausage 92.9%
Pork fermented sausage 100 %
Frankfurter 100 %
Saveloy sausage 100 %
Mortadella 100 %
Cooked ham 100 %
Smoked cooked bacon 92.9%
Smoked cooked pork 100 %
Pork prosciutto 100 %
Beef prosciutto 100 %
Dry pork neck 92.9%
Pancetta 92.9%
Pork hamburger 100 %
Beef hamburger 100 %
Raw sausage 100 %
Chicken breast 100 %
Duck breast 100 %
Goose breast 100 %
Turkey breast 100 %
Quail 100 %
Wild boar 100 %
Rabbit 85.7%
Deer 100 %
Pheasent 100 %

Level of similarity CVS vs. Colorimeter Level of difference
(test A) (test B) (test C)
3.4+1.4%° CVS (100 %) 3.0+ 1.1%b
3.6 £ 1.1%° CVS (100 %) 2.4+ 1.1%5¢
3.5+ 1.0 CVS (100 %) 2.1+ 1.0v%¢
3.6 + 1.0~° CVS (100 %) 3.2+ 0.4%b¢
4.0+ 0.8*° CVS (100 %) 2.3+0.5%>¢
40+1.1% CVS (100 %) 1.7 £0.5%"

3.8+ 0.9+ CVS (100 %) 1.2+0.5°
29+1.2° CVS (100 %) 2.1+1.1>>¢
3.0+1.2% CVS (100 %) 3.6 +0.3>¢
3.1+1.3%b CVS (100 %) 2.2 +0.4%>¢
3.5+ 1.0*° CVS (100 %) 2.8+ 1.2%%¢
4.1+0.8" CVS (100 %) 4.2+ 1.0°
3.6 £0.9%° CVS (100 %) 3.1+ 1.8
3.5+1.3*® CVS (100 %) 3.0+ 0.7>>¢
2.8+1.5° CVS (100 %) 2.7 £ 1.58b¢
2.8+1.0° CVS (100 %) 2.0 + 1.0~>¢
34+1.3% CVS (100 %) 2.7 +1.0v%¢
44+0.8° CVS (100 %) BERINGEES
1.7 £0.8 CVS (100 %) 3.8x1.4°
24+1.0° CVS (100 %) 1.8+ 0.4°
3.1+0.8° CVS (100 %) 1.4+0.5°
2.9 +1.03 CVS (100 %) 4.7 £0.7°
2.7 +1.3° CVS (100 %) 3.6+ 1.4°
3.4+1.3° CVS (100 %) 1.9 £0.%¢
2.7 +1.2° CVS (100 %) 4.2+1.2
4.1+0.8 CVS (100 %) 1.0 + 0.0¢
3.2+1.2%b CVS (100 %) 3.4+1.3%°

Means in the same column with different small letters are significantly different (P < 0.05)

14 panelist found that the actual colour of all samples was
similar to the chip color generated with CVS. Frequency of
similarity for meat products was also very high and ranged
from 92.9 % for chicken pate, beef sausage, smoked bacon,
dry pork neck and pancetta, to 100 % for all the other meat
products samples. For poultry meat samples the level of
similarity ranged from «low» to «moderate» and for game
meat and meat products samples from «moderate» to
((high»,

Five-point Likert scale ranks from 1 «very low», 2 «low»,
3 «moderate», 4 «high» to 5 «very high»

Test B showed that the CVS-generated color chips were
more similar to the sample of the poultry meat, game meat
and meat products visualized on the monitor, compared to
colorimeter-generated color chipsin all (100 %) individual
trials performed (Table 1).

Test C regarding meat products revealed that, as as-
sessed by the panelists, the magnitude of differences be-
tween the color chips generated by CVS and colorimeter
and displayed on the monitor, ranged from 1.2 («very
low») for Saveloy sausage to 4.2 («high») for Pork pro-
sciutto. Highest level of difference between colors for
poultry meat was observed in the case of turkey meat
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(4.7 — «very high») and for game meat samples with rab-
bit (4.2 — «high»).

Conclusions

We presume that one parameter influencing the differ-
ence among the meat and meat-products color measure-
ments, between the two methods employed, could be the
penetration depth of the illumination source. In our in-
vestigation, light employed in both devices had the same
color temperature (6500 K) but the light interaction with
a meat product samples was obviously device dependent.
For the same reasons observed in meat color experiment of
Girolami, Napolitano [5], we believe that the colorimeter
could not be suitable for the color analysis of meat prod-
ucts. The reason is the translucent and optically non-ho-
mogenous matrix of the meat products due to the presence
of different ingredients scattered inside it. The colorimeter
is placed on the sample surface and the light penetration
through meat product matrix must be higher than for CVS.
This therefore causes multiple reflections and refractions
where optical discontinuities are present, resulting in a dif-
fusion of light (scattering) from the illuminations source
[23], making the colorimeter measurements less accurate.
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OpuZL{H(l/ZbHaH Hay4iHas cmamos

B/IINMAHUE BUOJIOTMYECKU AKTUBHbBIX BEIHIECTB,
BBIJJEJTEHHBIX 113 AOPTBI CBMHEN, HA JKXMUPHOKMCJ/IOTHBIN
COCTAB CbIBOPOTKUM KPOBU KPbIC C MOJEJIBIO
S9KCIHEPMMEHTAJIbBHOV TUTTEPIMIIVIEMUN

Yepnyxa JI.M., ®enynosa JI.B., Korenkosa E.A.*
DepnepanbHbIIl HAYIHBL LEHTP MUIIEBbIX cucTeM M. B.M. Top6aTosa PAH, MockBsa, Poccust

Kntoueswvie cnosa: nunubbt, JiCMpHOKMC]lomeH;l cocmas, zunepnunuaemuﬂ, uHoexc amepoceHHoCmu

Annomauus

B cmampve npusedenvt pesynvmamot onpedeneHus undekca amepoeenrnocmu (VIA) coi6opomki Kposu Kpvic ¢ MOOenvio 2unep-
JIUNUOeMUl HA 0CHOBE ee HUPHOKUCTIOMHO20 cocmasa. Obvekmamu Uccned08aHUs A6IANUCH KOMMePUecKas 006a6Ka K nuuje
(BAIL), codeprcausas cmeco nenmudos, 8bl0eseHHbIX U3 COCYO06 CelbCKOX03ALCMBeHHbIX HusomHulx (Hayuno-npouzsoocmeen-
HoLil yenmp pesumanusavuu u 300poevst (HIILIPu3), Poccus), Huskomonekynsapruiii ynompagpunompam (HMYD, Mm<5 klla)
u cpeonemonexynapHouti ynompapunvmpam (CMYD, Mm 5-30 klla) sxcmpakma aopmot céuneil. Y kpoic-camuoe cmoxa Wistar
MOOeUPOBATIYL FKCHEPUMEHINATIDHYIO 2UNEPAUNUOEMUIO, NO OKOHUAHUYU MOOENUPOBAHUS HU8omMHbIM 2 epynnvt 8600unu 0,9 %
pacmeop Hampus xnopuoa, 3 epynnvt — BAJl, 4 epynnot — HMY®, 5 epynnot — CMY®, 1 2pynna cocmoana us uHmakmHolx
KPbIC, CO0ePIAUsUXCT NPU CXOOHBIX Ycrosusix. Bee uccnedyemvie 00pasubl 8600unuce per os u3 pacuema 0,3 me benka/xe maccol
mena Ha npomsiienuu 14 cymox. B pesynvmame nposedeHHo2o UCCned08aHus Obisi0 OmmeueHo, 4mo y Kpoic, nonyuasuux BAJI,
HaOmM00asnoch ysenuuenue 00y nonuHeHacoeHHvix scuprvix xucnom (IIHKK) na 67,2 % (P<0,05) na ¢one cHuscerust 00mu
MoHoHeHacviuerHbix scuprolx kucnom (MHXXK) na 29,5 % (P<0,05) no cpasHenuio ¢ koHmposnem, 00Haxko VIA He usmensi-
cs1. Buympuoenydouroe seedenue HMYD evizvieano noxoxnuit apgexm, umo u BAl: nabmodanoce ysenuuenue donu ITHXKK
6 2,5 pasa (P<0,05) no cpasreruio ¢ konmponem Ha pore cHusxcenus oonu MHKK na 39,7 % (P<0,05), npeumyuiecmeeno, 3a
cuerm CHUKEeHUS 01eUH0B01L Kucnomul Ha 66,3 % (P<0,05); omHocumenvHoe codepicarue HacviuerHbix supHoix kucnom (HXKK)
cHusunocy Ha 27,8 % (P<0,05), 8 0cHOBHOM 34 cuem ymeHbueHUsI COOePHAHUS NaTbMUumuHosoti kucnomot Ha 45,3 % (P<0,05)
10 CPABHEHUI0 C KOHMPOTIEM, 4O CROCOOCB06a10 cHuMceHUt0 VA coisopomku kposu Ha 56,4 % (P<0,05). Buympusicenyoouroe
ssederue CMYD He oxasvieano enusHus Ha omuocumenvroe cooepicanue MHXKXK, xomv u donst oneurnosoil Kucnomot 6vina
cHuena Ha 48,0 % (P<0,05), maxie ommeuanoce ysenuuenue oonu ITHKK na 85,8 % (P<0,05) no cpasHeruto ¢ Koumporsnem,
VLA coisopomku kposu cHusuncs Ha 76,9 % (P<0,05) no cpasHenuto ¢ KOHMPOALHOL 2PYNNOL MAKIHe 3a cHem yMeHbUuleHUS 00U
NazbMUmuHosotl kuciomot Ha 78,2 % (P<0,05).

Original scientific paper

THE INFLUENCE OF BIOACTIVE SUBSTANCES ISOLATED
FROM PORCINE AORTA ON THE SERUM FATTY
ACID COMPOSITION OF HYPERLIPIDEMIC RATS

Irina M. Chernukha, Liliya V. Fedulova, Elena A. Kotenkova*
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: lipids, fatty acid composition, hyperlipidemia, atherogenic index

Abstract

Based on results of fatty acid composition in serum of hyperlipidemic rats atherogenic index (AI) was calculated. The objects of
the study were a commercial bioactive additive (BAA) containing a mixture of peptides isolated from the vessels of farm animals
(Scientific and Production center of Revitalization and Health (SPRH), Russia), low molecular weight (LMUF), Mm<5kDa) and
medium molecular weight (MMUF), Mm 5-30 kDa) ultrafiltrates of porcine aorta extract. Experimental hyperlipidemia was
stimulated in male Wistar rats. After modeling animals in group 2 consumed 0.9 % sodium chloride solution, 3 groups — BAA,
4 groups — LMUE 5 groups — MMUE 1 group consisted of intact rats, contained under similar conditions. All studied samples
were administered per os in a quantity of 0.3 mg protein / kg body weight for 14 days. As a result of the study, it was noted that
in serum of rats treated with BAA there was polyunsaturated fatty acids (PUFA) increase by 67.2% (P<0.05), while monoun-
saturated fatty acids (MUFA) was decreased by 29.5 % (P<0.05) compared to the control, but there was no change in AL Per os
administration of LMUF caused a similar effect as BAA: there was an increase in the proportion of PUFA by 2.5 times (p<0.05)
compared with control, while MUFA decreased by 39.7 % (P<0.05), mainly due to a reduction of oleic acid by 66.3 % (P<0.05). The

ANA LUTUPOBAHUA: YepHyxa U.M., deapynoBa A.B., KoteHkoBa E.A. BAMAHME 6MONOrMUYECKU aKTUBHbBIX BELLECTB, BbIAEA€HHbIX U3 aOpTbl CBMHEH, Ha
YKUPHOKUCAOTHbIN COCTaB CbIBOPOTKU KPOBU KPbIC C MOAEAbIO 3KCNePUMEHTAAbLHON FTUNepAUNUAeMUn. Teopusa U NpakKTUKa nepe-
pabotku msaca. 2018; 3(4): 16-22. DOI 10.21323/2414-438X-2018-3-4-16-22

FOR CITATION: Chernukha .M., Fedulova L.V., Kotenkova E.A. The influence of bioactive substances isolated from porcine aorta on the se-
rum fatty acid composition of hyperlipidemic rats. Theory and practice of meat processing. 2018; 3(4): 15-22. (In Russ.).
DOl 10.21323/2414-438X-2018-3-4-16-22
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relative content of saturated fatty acids (SFA) decreased by 27.8 % (P<0.05), mainly due to reduction of palmitic acid content by
45.3% (P<0.05) compared to the control, which contributed to a decrease in serum Al by 56.4 % (P<0.05). Per os administration
of MMUF did not impact on relative content of MUFA, although the share of oleic acid was reduced by 48.0 % (P<0.05), there was
also an increase of PUFA content by 85.8 % (P<0.05) compared with the control, serum Al reduced by 76.9 % (P<0.05) compared
with the control group also due to a decrease of palmitic acid by 78.2 % (P<0.05).

BBenenue

Ceppeuno-cocyauctole 3aboneBanns (CC3) mpopon-
KAIOT 3aHMMATh MUAVPYIOIIYIO TO3ULINIO B MUpPe KaK IO
CMEPTHOCTH, TaK U 10 MHBAUU3aLNN HacelleHns. Bomb-
mmHCcTBO naronornit CC3 sABIAIOTCA ClecTBYEM BOBpe-
M He BBIABJIEHHBIX HapyLIEHNII TAIINHOTO U 6€IKOBOTO
oOMeHa, IT039TOMY K/II04eBbIM 3BeHOM 60pb6bI ¢ CC3 sB-
JIAeTCSL BOCCTAaHOBJIEH e 9TUX MeTabommdeckux cboes [1].

B HacTosmmit MOMEHT pa3paboTaHbl OMOIOTUYECKN
aKTVMBHbIE MOJY/IN, COJeprKalljyie PaCTUTEeIbHbIe BOTOK-
Ha, NPUPOJHbIE AaHTMOKCUJAHTBI, NMOMUQEHONbI, MOJIN-
HeHacblll[eHHbIe >KMPHble KUCIOTH 1 1p. [2,3,4]. B ka-
yecTBe (PYHKIMOHAJIBHBIX J0OABOK K ININe MOCTefHee
BpeMsl CTalnyi PacCMAaTPUBATh U IENTUIBI )KMBOTHOTO
HPOUCXOXK/IEHNsI, HATUBHbIE MM IIOTyYeHHbIe C [IOMO-
mbio GepMeHTONMM3a OETKOB MONIOKA U Msica, obmaza-
Jole TUIOTEH3UBHBIM, AHTUOKCUJIAHTHBIM, aHTUMIU-
KPOOHBIM, IIPOTMBOOIIYXO/IEBBIM, AHTUTPOMOO3HBIM,
TUMATOCHIDKAIOIMM, OIMMOUIHBIM HENCTBUSAMU, HPU
3TOM Haubosee M3y4eHHBIMU OCTAIOTCS HMENTUBI TUIIO-
TeH3MBHOI HampaBeHHOCTH [5,6,7]. OfHAKO 10 CUX TTOP
JIOCTaTOYHO MAajI0 WU3Y4alTCA UM UAEHTUPUUUPYIOTCH
TKaHecIlelpUYHbIe BeljecTBa 6eTKOBON ¥ IENTU/HO
IPUPOJBI, COREPKALINXCA B COOTBETCTBYIOLINX CYOIIpO-
AYKTax y0os.

Panee aBTOpamu B aopTe cBUHeIl ObIT 0OHAPYXKEH AL
TKaHeCHeIVI(PUIHBIX O€KOB U IMEeNTUO0B C MOJIEKYIAP-
HoiT Maccoil MeHee 30k/la, Takke OBIZIO IOKAa3aHO, YTO
Hanobonpbirenl 3QpPeKTMBHOCTBIO O0Mafana BblJeNTeHHas
U3 Q0PT CBMHelT 6eKOBO-IenTyAHast PpaKIysa ¢ MOJIEKY-
nsipHoit Maccoit (Mm) menee 30 x[la [8], koTopast Takxe
CTUMY/IMPOBaa BOCCTAaHOBIEHME (YHKUMIT SHIOTEIN-
aJIBHOTO /1051 COCYAOB [9]. B manbHeriem 66110 BbIABIIE-
HO, YTO BEIIeCTBA C MOJIEKYNAPHOI Maccoli oT 5 o 30 k[la
obnmajjany BBIPQXEHHBIM TUIOMAINIEMUYECKUM JIefiCT-
BIU€M, B TO BpeM: KaK CMeChb IeNITUIOB C MOJIEKY/LIPHOII
Maccoit MeHee 5 k/]a mposiBysina 60ee UHTEHCUBHYIO pe-
TY/IATOPHYIO aKTMBHOCTB [10].

CTOoUT OTMETUTD, YTO IIPU OLIEHKE TSDKECTU U ITyOu-
HBI TUITUIHBIX COOEB B KaueCTBE MaPKEPOB TPATUIIIOHHO
OIIpefeTIII0T TaKue I0Ka3aTe/y, KaK KOHLEHTPaLMsl B ChbI-
BopoTKe KpoBu xonecrepuna (XC), rpurmunepunos (TT),
JIUTIOIIPOTENHOB BBICOKOM M Hm3Koi tnoTHocTu (JITIBIT
n JITTHII), napexc areporenHoctu (VIA) [11,12]. Mi3BecTHO,
uto comepxkanue o6uero XC u TT MOI'YT He OTAMNYATbCS
OT HOPMJIbHBIX, OffHaKo cooTHoueHue JIII, B yacTHOCTH,
IpeBa/IMpPOBaHye aTePOTeHHBbIX (PAKINil, CIOCOOCTBYET
pasButnio atepockineposa. Kpome Toro, cam cocras TT,
a IMEHHO Ipeo6yafiaHue olpefeNleHHbIX )KUPHBIX KIC/IOT,
B YaCTHOCTY, ITa/IbMUTUHOBOI, MOYKET TaK)Ke CII0COOCT-
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BOBATh YBEMYEHNUIO PICKA Pa3BUTHS aTepOCKIepPO3a Ha
¢dbone o6bmieit runepnunupemun [14]. Takum o6pasom,
0CO0BIT MHTEpeC MOXeT NPECTAB/IATh U3ydeHVe MOIM-
(uKaIyit >XMPHOKMCIOTHOTO COCTaBa CBIBOPOTKY KPOBMU
IpY pa3BUTHUU TUIIEPINIUAEMIA, YTO OTOOPAXKEHO B ITy-
O6MMKaUMAX TOCTAETHUX JIET U ABJIAETCSA BECbMa 3HAUYMMbIM
MmoKasaTerleM PIUCKa PasBUTHUSA JTUIMUAHBIX cO6oeB [13,14].
[TosaToMy Lielbl0 HacTOsAIIEH PabOThI OBIIO OLEHUTH U3-
menenne KK coctaBa cbIBOPOTKM KPOBM KPBIC C MOJIENTBIO
QIMMEHTAPHON TMIeP/IUIIEMUN, KOTOPbIE 3aTeM B Tede-
Hue 14 cyTok momyyanyu TKaHecrenyguyHble 61oIornye-
CKIf aKTVBHbIE BEI[eCTBA.

OO0'BEKTHI I METOIbI

O6bekTaMu MCCIefOBaHNsA ABJLSIINCh KOMMepYecKast
nobaska k muite (BAJI), comeprkaiias cMech MENTHUIOB,
BBIJIeJICHHBIX U3 COCY/I0B CE/TbCKOX03SICTBEHHBIX )KIBOT-
Hbix (HIII[Pu3, Poccus), Huskomonekynsapusit (HMY®,
MMm<5 x[la) u cpegHemonekynapHbit (CMY®, MM
5-30 x/la) ynbprpadmnbTpaThl 9KCTPaKTa aOpThl CBUHEI
B 0,9 % pactBope HaTpus xyopuza (KOHI[eHTpauys 6enka
0,9+0,11/n).

[ oueHky 3¢ PeKTUBHOCTY NCCTIEyeMbIX 00 BeKTOB
Ha 40 KpbpIcax-camuax croka Wistar maccoit 35020 T,
IIPOVM3BOJIBHO pasfie/IeHHBIX Ha 4 IPYIIIIbI, MOJETNPOBA/IN
9KCIIepYIMEHTA/IbHYI0 IunepanmgeMuio [15], mo okoHda-
HUY MOJI/IMPOBAHNS >KMBOTHBIM 2 TPYIIbI (KOHTPOJIb,
n=10) BBogmm 0,9 % pacTBOp HATpUA XJIOPUAQ, 3 TPYI-
sl — BAJl (n=10), 4 rpynnsr — HMY® (n=10), 5 rpyn-
npl — CMY® (n=10). 1 rpynma cocTosiia U3 MHTaKTHBIX
KpbIC (n=10), comepKalUXCA IPU CXOLHBIX YCIOBUAX.
Bce nccnenyemble 06pasipl BBOAWINCDH per 0S U3 pacye-
ta 0,3 Mr 6e/1Ka/Kr Macchl Te/la Ha MPOTKeHnN 14 CyToK.
[To ucTedeHNy 9KCIIEPUMEHTA >KMBOTHBIX YCBIITJLAMN B Ka-
mepe ms oranasun (VETtech, Benukobpuranus), mpo-
BOJV/IY 3260 KPOBU /151 OMOXMMUYECKIX UCCIIeTOBaHMIT
U OTpefieNieHNs] XUPHOKNCITOTHOTO COCTaBa ChIBOPOTKMU
KpPOBH.

Copepxxanne XC n TI' onpepmensann Ha aBTOMaTuye-
ckoM aHanmmsarope BioChem FC-360 (HTI, CIIIA) B coot-
BETCTBUM C METOJUKaMU, IIPYIOKEHHBIMY K peaKT/UBaM
(HTL, CIIIA).

Boifenenne minmoB U3 CBIBOPOTKY KPOBM OCYIIECTB-
IS 9KCTpaKuyeil XI10podopM/MeTaHONIOM II0 METORY
®omrya. YncToTy BBIJIe/IEHHBIX JIMINIOB IPOBEPSIIN Me-
TOJIOM TOHKOCJIONHOM Xpomarorpadpum. OmnpeneneHue
COCTaBa XMPHBIX KUCIOT MIPOBOAIM/IN Ha Ta30BOM XpOMa-
torpade HP 6890 ¢pupmer «Hewlett Packard». Onmcanue
METOJJOB U3JIO’KEHO B «PyKOBOACTBE II0 METOAAM aHa/M-
3a KayecTBa M 6€30MacHOCTY MMIIEBbIX IPOJYKTOB» [16],
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a TaKke B MOHOTrpadum «MeTofibl MPaKTUIECKOIT OMOTeX-
HO/TOrMM. AHa/IM3 KOMIIOHEHTOB U MUKPOIIPMMeceii B MsIC-
HBIX U IPYTUX OUIIEBBIX IpoayKTax» [17]. [To momy4yeHHbIM
pe3y/ibTaTaM OIpefie/IA/I COflepXKaHue MaIbMUTUHOBOI
U OJIEMHOBOI KUCIOT, KonndecTBo HachimeHHbix (HXKK),
moHo- (MHIKK) n nommnuenacsimennsix (ITHXKK) sxup-
HBIX KUCIOT. Pacuer nnpaekc areporeHHoctu (VMA) ceiBo-
POTKM KPOBM OCYLIECTB/ISN 110 GopMyIie, IpUBeIeHHO
Ulbriht T.L.V. n Southgate D.A.T., (1991) [18]:

VA =(C12+Cl4 + C16 + Tpanc JKK) :
(ITHXXK + C18:1 + npyrue MHKK)

CrarucTudeckuil aHaIM3 IPOBOAVIN C MCIO/NIb30Ba-
Huem nporpammbl STATISTICA 10. Pesynbrarhl npepn-
CTaB/SUIUCh B BUJIe «CpefiHee 3HaueHIe+ cpefiHee KBa-
#parnyeckoe oTkaoHeHume» (M=£SD). Cratuctmdeckas
JTOCTOBEPHOCTb PAaCCUMTHIBAIACh C IIPUMEHEHUEM OJJHO-
napameTrpuyeckoro ANOVA TecTa ¢ mpuMeHeHNeM KpH-
tepus Tbioky mpu yposHe 3HaunMocTu 0,05.

PesynpraTsl u 06CyKeHne

ITo pesynbraTaM GMOXMMUYECKUX MCCIETOBAHUI KPO-
BU, Haubosbiee cHikeHne XC Ha6IIO[ANOCh y KMBOT-
HBIX, nomy4yasmnx CMY® (rpynna 5) n gocturasno 30,1%
(P<0,05) mo cpaBHeHmio ¢ KoHTposeM (rpymma 2). Kon-
neHtpaunsa TT Bo BceX ONBITHBIX TPYIIAX 3HAYUTENTBHO
IpeBbIlIa/la MHTAKTHBII ypoBeHb Oolee 4eM B 2 pasa
(P<0,05).

Pe3ynbrarhl onpeneneHns XUPHOKICIOTHOTO COCTaBa
CBIBOPOTKM KPOBMU KpbIC IpuBefeHsl B Taoi. 1. HecmoTps
Ha [TUTeNbHOE COTep>KaHMe KMBOTHBIX Ha TPOATepOTeH-
HOJI iMeTe, y )KMBOTHBIX KOHTPOJIBLHON IPYNIBI (IpyIma
2) He HAOIIOMANIOCHh M3MEHEHUI 10 BCEM OI[€HMBAEMbIM
mokasaternsM (Cofiep)KaHue MaTbMUTUHOBOW U OJNEUHO-
Boit kucnot, H)KK, MHXXK, ITHXXK u VIA) B cpaBHeHNn
C MHTAKTHOI rpynmoii (rpymma 1).

Buyrpmxenymounoe BpeneHnue BAJl He mpusomumio
k cHipkeHmio VA, copepskanme HXKK kak 1 mampMutuHoO-
BOJf KICTIOTBI OCTaBaIOCh TaK)Ke Ha ypoBHe rpymnm 1 (uH-
TakT) 1 2 (KOHTPOJIb), OHAKO HAOMIONAIOCh YBeIMYeHe
momu ITHOKK na 67,2% (P <0,05) mo cpaBHeHuIo ¢ rpyn-
noit 2 (koHTponp) Ha ¢one cHmxenus gomu MHIKK Ha
29,5% (P <0,05), mpenMyIIeCTBEHHO, 32 CUeT CHVDKEHUA
0JIEMHOBOJ K1coThl Ha 32,3 % (P <0,05).

Y >XMBOTHBIX, KOTOpbIM BBOAWIM HMY® (rpymnna 4)
u CMY® (rpynma 5) 6610 OTMeYeHO 3HAYNUTENbHOE CHIU-
>kerue oy HXKK na 27,8 % (P <0,05) n 34,3% (P <0,05),
COOTBETCTBEHHO, II0 CPaBHEHMIO C KOHTpoJeM (rpymma
2), DO MaJbMUTUHOBOM KMCIOThI ObI/Ia TAKKE CHIUKEHA
Ha 45,3% (P<0,05) u 78,2% (P<0,05), COOTBETCTBEHHO.
Buytpikenygounoe Befienrie HMY® (rpymma 4) BbI3bI-
Bajio Moxoxxmit addext, uro u BA]l (rpynma 3): Habmo-
nanocs yeemdenne gomu ITHXKK B 2,5 pasa (P <0,05) o
CpaBHEHUIO ¢ Tpynmoit 2 (KOHTPO/Ib) Ha (POHe CHIKEHNS
nom MHJKK Ha 39,7 % (P <0,05), nmpenmyIecTBeHHO, 3a
CYeT CHIVDKEHM OJIEMHOBOI KIUCIOTH Ha 66,3 % (P <0,05).
Buyrpwxkenygounoe BBefenue CMY® (rpymma 5) He
OKa3bIBa/Ji0 BIMSIHUS Ha OTHOCUTENbHOE COfiep)KaHue
MHJXK, XOTb ¥ 071 0JIEMHOBOI KJC/IOTBI Obl/Ia CHIKEHA
Ha 48,0 % (P <0,05), Tak)Ke OTMe4aIoCh YBeIMYeHUe O
IMTHXKK Ha 85,8% (P <0,05) o cpaBHEHUIO C KOHTPOJIEM
(rpymma 2).

Otmeuennble nsMmeHenns B JKK cocraBe cbIBOPOTKHU
KPOBM He NPUBOAMIN K CHIDKeHMIO VIA CBIBOPOTKM Kpo-
BU KpbIC, TonydaBmmx bAJ] (rpynma 3). Hanpotus, BHy-
TpukenynouHoe BeefieHne HMY® (rpynma 4) u CMY®
(rpynma 5) mpmBogwio K cHIDKeHmio VIA Ha 56,4 %
(P<0,05) 176,9% (P <0,05), cOOTBETCTBEHHO, 110 CPaBHe-
HUIO C KOHTPOJIbHOJI TpymIIo (rpymma 2).

[Tpu ananmnse cootnouenus HXXK:(MH>KK+ITHXXK),
ObUIM TIONy4eHBI Ciefylolye 3HadeHus: rpynma 1 (uH-
takT) — L:L15; rpynma 2 (koHTponb) — 1:1,17; rpynma 3
(bAl) — 1:1,23; rpynna 4 (HMY®) — 1:2; rpynma 5
(CMY®) — 1:2,3. Tlpu mopcuere cootnomennss HXKK:
MHJKK 6bU1i omydeHsl CIefyonie 3Ha4eHNA: TPyIIa
1 (unrakt) — 1:0,73; rpymnmna 2 (kouTpons) — 1:0,79; rpyn-
na 3 (bAJl) — 1:0,57; rpynma 4 (HMY®) — 1:0,66; rpyn-
na 5 (CMY®) — 1:1,19. Takum 06pa3om, OCHOBHOI BK/Iaf
B CHIDKeHMe VIA BHOCUIO yMeHbIIeHVe OV TTaTbMUTI -
HOBOJT KVMIC/TOTBI B CBIBOPOTKE KPOBM OTIBITHBIX )KUBOTHBIX
Ha ¢one yBemmuenns [THXXK.

3akiaouyeHne

B pesynbrare NIpOBEJEHHOTO MCCIENOBAHUA OBLIO
OTMEYEHO, YTO JJIUTe/IbHOE COfiep)KaHMe >KMBOTHBIX Ha
MIPOATEPOTEHHON [yeTe He INPUBOAMIO K WM3MEHEHMIO
JKMPHOKMC/IOTHOTO COCTaBa ChIBOPOTKM KPOBM, OJHAKO
BHYTPIDKETYJOYHOE BBeIeHNe OMOIOTMYeCK) aKTUBHBIX

Ta6muua 1. Pesynbrarsl onperneneHs >KUPHOKUCIOTHOTO COCTaBa ChIBOPOTKY KPOBY SKCHEPIUMEHTATbHBIX KPBIC

Ha 14 cyTKu 3KcrepumMenTa

% oT cymMMbI ugeHTHUIMpoBaHHBIX JKK

Ne rpynmsr Bcero, /100 r nA
Cl16:0 C18:1n9c HXK MHXK ITHXK
1 69,7 +1,2%® 19,8 +0,5%" 29,8+0,4%5¢ 45,5+0,5%" 34,2+0,3%" 19,2+0,3%5¢ 0,40+0,015"
2 73,6 +0,3° 19,0£0,1°" 29,4+0,4%5¢ 46,1+0,5%" 36,3+0,4%" 17,7 £0,5%5¢ 0,39+0,015"
3 79,9 £2,95" 19,5+ 0,6%" 19,9+ 0,6%"¢ 44,8 +2,05" 25,6+1,3* 29,6 £2,2>" 0,39+0,035"
4 58,9+1,9* 10,4+1,1*>" 9,9 +0,5%=¢ 33,3+1,1* 21,9+1,8° 44,7 +1,45>¢ 0,17 £0,02*"
5 74,7 +£1,3° 4,1+0,3%® 15,3+0,33%54 30,3£0,5" 36,8+0,5%" 32,9+0,4%* 0,09+0,01%*

*6»bie _ 1oCTOBEPHBIE OTIIYNS MEX/Y IKCIIepuMeHTanbHbIMuy rpynmamu (P <0,05)
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BeIllleCTB, HANPOTUB, CIIOCOOCTBOBAIO MOAMbUKALNK
COOTHOUIEHMI K/IACCOB JKMPHBIX KUCTIOT y)Ke 10 McCTede-
HuM 14 CyTOK 3KcmepuMeHTa. Tak, y KpbIC, OMTyYaBIINX
KOMMepYecKyk 06aBKy K INIIe, OTMeYanoch yBeamye-
Hue gomm ITHXKK Ha 67,2% (P <0,05) Ha ¢poHe cHVDKeHuA
momt MHIKK na 29,5 % (P <0,05) o cpaBHEeHUIO ¢ KOHTp-
oneM, ogHako VIA He msMeHsnca. BHyTpipkenymodHoe
BBeJIeHNE HM3KOMOJIEKY/IAPHOTO YIbTpaduIbTpaTa IKC-
TpakTa aopThl cBUHeN (MM <5 k]]a) BBI3BIBAIO TTOXOXKMIT
a¢dexr, uTo u BAJI, 4TO 06YCIOBIEHO CXOXKECTHIO COCTA-
Ba: 00e M00aBKM HPECTAB/ISIOT CMECh MENTUIOB, BbIfie-
JICHHBIX 13 COCY/IOB CE/TbCKOXO3ACTBEHHBIX KMBOTHBDIX.
OpnHako B ciry4ae HU3KOMOJIEKY/LIPHOTO YIbTpauIbTpa-
Ta OTMEYAJIOCh CHIVDKEHUE JIONN ITaIbMUTIHOBOI KICTIO-
ThI Ha 45,3 % (P <0,05) 110 cpaBHEHUIO C KOHTPOJIEM, YTO
CII0COOCTBOBAIO YMEHbIIEHNI0 VIA CBIBOPOTKM KPOBU
Ha 56,4 % (P <0,05). CpegHeMOneKy/IApHbII yIbTpaduiib-
TPaT CHOCOOCTBOBAN MOAUPUKALNU >KMPHOKUCTIOTHOTO
COCTaBa CHIBOPOTKM KPOBY OIBITHBIX KPBIC MHBIM 00Opa-
3oM: oTHOocuTenbHOe copepkanre MHIKK ne mamens-
JI0OCh, XOTb ¥ JOJI OJIEMHOBOJ KUCTIOTBI ObLIa CHIDKe-

Introduction

Cardiovascular diseases (CVD) continue to occupy the
leading position in the world in terms of both mortality
and disability. The majority of CVD cases are the result of
promptly undetectable disorders of lipid and protein me-
tabolism, therefore the key aspect of CVD prevention is
the recovery of these metabolic failures [1].

At the moment modern biologically active modules
were developed, which contain plant fibers, natural an-
tioxidants, polyphenols, polyunsaturated fatty acids and
etc. [2,3,4]. Recently, peptides of an animal origin, native
or obtained by anzymina hydrolysis of milk and meat
proteins, possessing hypotensive, antioxidant, antimicro-
bial, antitumor, antithrombotic, lipid-lowering, opioid
actions, have been considered as functional additives to
food, while the most studied peptides are hypotensive
[5,6,7]. However, tissue-specific substances of protein
and peptide nature contained in slaughter by-products
are still not well-studied.

Previously, the authors found a number of tissue-specif-
ic proteins and peptides with molecular weight less than 30
kDa in the aorta of pigs, also it was shown that the protein-
peptide fraction isolated from the aorta of pigs with mo-
lecular weight (MW) less than 30 kDa [8] demonstrated
the highest efficiency and also stimulated the restoration of
endothelial layer in vessels [9]. Further it was found, that
substances with a molecular weight from 5 to 30 kDa had
a pronounced lipid-lowering effect, while mixture of pep-
tides with a molecular weight less than 5 kDa showed more
intense regulatory activity [10].

It should be noted that for assessment of the severity
and depth of lipid failures, such indicators as the concen-
tration of cholesterol (CL), triglycerides (TG), high and

19

Ha Ha 48,0% (P <0,05), [THXXK yBemmummmce Ha 85,8 %
(P<0,05) mo cpaBHeHmio ¢ koHTponeM. B nrore VA cbI-
BOPOTKM KpOBMU CHM3WICA Ha 76,9 % (P <0,05) o cpaBHe-
HUIO C KOHTPOJIBHOJI TPYIIIION TaKXe 3a CYeT YMEHbIIle-
HUA [OAY TaTbMUTUHOBON KMCIOTHI Ha 78,2 % (P <0,05).
CormacHo pesynbrataM nccinefoanusa Turosa B.H. (2012)
OTMEYasIoCh, YTO U30(POPMBI TPUIIULIEPUIOB, COTEpPIKa-
I[VIX MHOTO ITaJIbMUTUHOBO KMC/IOTBI, CHOCOOCTBYIOT X
HAaKOIUICHMIO B aJIUIIOINTAX, YTO, B CBOI0 OYepelb, BefeT
K YBEMYEHNIO B KPOBY Oe3/IMIaH/HBIX U BBICOKOATEPO-
rersbIx JITTHIT ¢ mnotrocTeio JIIIOHII (mumonporenHs
O4YeHb HM3KOW IIOTHOCTM) [14]. B mpoBemenHOM Hamm
VICC/IeJOBAaHNM OTMEYA/IOCh, YTO BHY TPVDKETYIOYHOE BBe-
JieHJe BelLeCTB, BbIJIe/IeHHbIX 13 COCY[0B CBIMHE, B ina-
ITa30He MOJIEKY/IAPHBIX Macc oT 5 1o 30 x/Ja cmoco6cTByeT
CHIDKEHUIO MHJIEKCA aTePOTeHHOCTH ChIBOPOTKU KPOBMU
MMEHHO 3a CYeT YMeHbIeHUs MaJTbMUTUHOBON >XKUPHOII
KJC/IOTBI, YTO IO3BO/ISIET PAacCMAaTPMBATh OTMEYEHHBIX
0€/IKOBO-IIENITUIHBI KOMIIIEKC KaK IepCIIeKTUBHBIN s
paspaboTKy Ha ero OCHOBe MMIIEBOI HOOABKM JIsl /NI,
CTPajAoLINX OT IMINMAHOTO AucbamaHca.

low density lipoproteins (HDL and LDL), atherogenic in-
dex (AI) are traditionally determined as markers [11,12].
It is known that the content of total CL and TG may not
differ from the normal, but the ratio of LP, especially the
prevalence of its atherogenic fractions, contributes to the
development of atherosclerosis. In addition, the composi-
tion of TG, particularly the predominance of certain fatty
acids, especially, palmitic acid, may also increase the risk
of atherosclerosis on the background of general hyperlip-
idemia development [14]. Thus, the study of modifications
of serum fatty acid composition is in interest during the
hyperlipidemia development. This investigation area is re-
flected in the publications of recent years as a very signifi-
cant indicator of the risk of lipid failure [13,14]. Therefore,
the aim of this work was to assess the change in the fatty
acids (FA) composition in serum of hyperlipidemic rats,
which then received tissue-specific biologically active sub-
stances within 14 days.

Objects and methods

The objects of the study were a commercial food bio-
active additive (BAA) containing a mixture of peptides
isolated from the vessels of farm animals (Scientific and
Production center of Revitalization and Health (SPRH),
Russia), low molecular weight (LMUE, MW <5 kDa) and
medium molecular weight (MMUE, MW =5-30 kDa) ul-
trafiltrates of pig aorta extract in 0.9% sodium chloride
solution (protein concentration 0.9+0.1 g/L).

40 male Wistar rats with body mass of 350+20 g were
randomly divided into 4 groups and stimulated hyper-
lipidemia [15]. At the end of modeling animals of group
2 (control, n=10) were administered 0.9 % solution of so-
dium chloride, 3 groups — food additive (BAA) (n=10),
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group 4 — LMUF (n=10), 5 groups — MMUF (n=10).
Group 1 consisted of intact rats (n=10) kept under similar
conditions. All samples were administered per os in dose
0.3 mg protein / kg body weight for 14 days. After the ex-
periment, the animals were euthanized (VETtech, UK),
blood samples for biochemical studies and determination
of fatty acid composition were taked

The content of CL and TG was determined on automat-
ic analyzer BioChem FC-360 (HTI, USA) in accordance
with the methods applied to the reagents (HTI, USA).

Serum lipids were isolated by chloroform/methanol
extraction by the Folch method. The purity of the iso-
lated lipids was tested by thin-layer chromatography. De-
termination of the composition of fatty acids was carried
out on a gas chromatograph HP 6890 company «Hewlett
Packard». The description of methods is stated in the
«Manual on methods of analysis of quality and safety of
food products» [16], as well as in the monograph «Meth-
ods of practical biotechnology. Analysis of components
and micro-impurities in meat and other food products»
[17]. Contents of palmitic and oleic acids, amounts of
saturated (SFA), mono- (MUFA) and polyunsaturated
(PUFA) fatty acids were determined. Calculation of ath-
erogenic index (AI) of serum was performed according to
the formula given Ulbriht T. L. V. and Southgate D. A. T,,
(1991) [18]:

AI=(C12 + C14 + C16 + TRANS FA) :
(PUFA + CI18:1 + other MUFA)

Statistical analysis was performed using the pro-
gram STATISTICA 10. The results were presented as
«mean + standard deviation» (M +SD). Statistical validity
was calculated using a one-parameter ANOVA test using
the Tukey test at a significance level of 0.05.

Results and discussion

According to the results of biochemical analysis, the
greatest decrease of serum CL was observed in animals
treated with MMUF (group 5) and reached 30.1% (P < 0.05)
compared with the control (group 2). The concentration of
TG in all experimental groups significantly exceeded the
intact level by more than 2 times (P <0.05).

The results of determination of fatty acid composition
of rat serum are given in Table 1. Despite on the long-term

consumption of proatherogenic diet, in animals of the
control group (group 2) there were no changes in all esti-
mated parameters (the content of palmitic and oleic acids,
SFA, MUFA, PUFA and Al) in comparison with the intact
group (group 1).

Per os administration of BAA did not lead to a Al
decrease, the content of SFA as well as palmitic acid re-
mained also at the level of groups 1 (intact) and 2 (control),
but there was an increase in the share of PUFA by 67.2%
(P<0.05) compared to group 2 (control), while the share
of MUFA decreased by 29.5% (P <0.05), mainly due to a
reduction of oleic acid by 32.3% (P <0.05).

Administration of LMUF (group 4) and MMUF
(group 5) led to a significant decrease in the proportion
of SFA by 27.8% (P <0.05) and 34.3% (P <0.05), respec-
tively, compared with the control (group 2), the propor-
tion of palmitic acid was also reduced by 45.3 % (P <0.05)
and 78.2% (P <0.05), respectively. Per os administration
of LMUF (group 4) caused a similar effect as BAA (group
3): there was an increase in the share of PUFA by 2.5 times
(P<0.05) compared to group 2 (control), while the share
of MUFA decreased by 39.7 % (P <0.05), mainly due to a
reduction of oleic acid by 66.3 % (P <0.05). Per os admin-
istration of MMUF (group 5) had no effect on the relative
content of MUFA, although the share of oleic acid was
reduced by 48.0% (P <0.05), there was also an increase
in rate of PUFA by 85.8% (P <0.05) compared with the
control (group 2).

Marked changes in FA serum composition of rats re-
ceiving BAA (group 3) did not led to decrease of Al. On
the contrary, per os administration of LMUF (group 4) and
MMUF (group 5) resulted in reduction of AI by 56.4 %
(P<0.05) and 76.9% (P <0.05), respectively, compared to
the control group (group 2).

The following values were obtained when analyzing
the ratio of SFA: (MUFA + PUFA) : group 1 (intact) —
1:1.15; group 2 (control) — 1:1.17; group 3 (BAA) — 1:1.23;
group 4 (LMUF) — 1:2; group 5 (MMUF) — 1: 2.3. The
ratios of SFA: MUFA were calculated: group 1 (intact) —
1:0.73; group 2 (control) — 1:0.79; group 3 (BAA) — 1:0.57;
group 4 (LMUF) — 1:0.66; group 5 (MMUF) — 1:1.19.
Thus, a decrease in the proportion of palmitic acid in rat
serum made the main contribution to the reduction of se-
rum Al as well as increasing of PUFA.

Table 1. Results of fatty acid composition determination in rat serum on the 14th day of the experiment

% from the amount identified FA

Ne group Total, g/100 g
C16:0 C18:1n9c
1 69.7 +1.2>¢ 19.8 £0.5¢ 29.8+0.4>%f
2 73.6+0.3° 19.0+0.1>¢ 29,4+0.4>f
3 79.9+2.9%4 19.5+0.6>¢ 19.9+0.6%%f
4 58.9+1.9° 10.4+1.1%¢ 9.9+0.5><f
5 74.7+1.3° 4.1+0.3>¢ 15.3+£0.33%%¢

Al
SFA MUFA PUFA
45.5+0.5>¢ 34.2+0.3%¢ 19.2£0.3%%f 0.40+0.01>¢
46.1+0.5¢ 36.3+0.4>¢ 17.7 £0.5>%f 0.39+0.01>¢
44.8+2.0>¢ 25.6+1.3* 29.6+2.2%4 0.39+0.03>¢
33.3+1.1° 21.9+1.8° 44.7 +1.4%f 0.17 £0.02~¢
30.3+£0.5¢ 36.8+0.5>¢ 32.9+0.4%¢ 0.09+0.01>¢

abed e f_sjgnificant differences between the experimental groups (P <0.05)
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Conclusion

As a result of the study, it was noted that the long-term
consumption of proatherogenic diet did not lead to a change
in the serum fatty acid composition, but per os administra-
tion of biologically active substances, on the contrary, con-
tributed to the modification of the ratio of fatty acid types
after 14 days of the experiment. Thus, in rats receiving a
commercial food additive, there was an increase in the share
of PUFA by 67.2% (P <0.05), while the share of MUFA was
reduced by 29.5% (P <0.05) compared with the control, but
the AI did not change. Per os administration of low molec-
ular weight ultrafiltrate of pig aorta extract (Mm <5 kDa)
caused a similar effect as dietary BAA, due to the similarity
of the composition: both additives are a mixture of peptides
isolated from the vessels of farm animals. However, in case
of low molecular weight ultrafiltrate (LMUF) there was a de-
crease in the proportion of palmitic acid by 45.3 % (P <0.05)
compared with the control, which contributed to a decrease
in serum AI by 56.4% (P<0.05). The medium-molecular
weight ultrafiltrate (MMUF) contributed to the modifica-

tion of the fatty acid composition of rat serum in a different
way: the relative content of MUFA did not change, although
the share of oleic acid was reduced by 48.0% (P<0.05),
PUFA increased by 85.8% (P<0.05) compared with the
control. As a result, serum Al decreased by 76.9 % (P <0.05)
compared to the control group also due to a decrease in the
proportion of palmitic acid by 78.2% (P <0.05). According
to the results of the study Titova V.N. (2012) it was noted
that the isoforms of triglycerides containing a lot of palmitic
acid contribute to their accumulation in adipocytes, which
leads to an increase in the blood of non-ligand and high-
atherogenic LDL with a density of VLDL (very low density
lipoproteins) [14]. In our study, it was noted that per os ad-
ministration of substances isolated from pig vessels in the
range of molecular weights from 5 to 30 kDa contributes to
a decrease in the serum atherogenicity index mainly due to
reduction of palmitic fatty acid. This observation allows us
to consider the noted protein-peptide complex as a promis-
ing for the development on its basis a food additive for per-
sons suffering from lipid disorders.
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NITEHTUOUKAIIVIA PUCKOB CBA3AHHDbIX
C CBIPBEM JKXMBOTHOTI'O ITPOMCXOKJEHINA

3aiiko E.B., baraesa [I.C.*
DepmepanbHBbIIl HAYIHBLI LEHTP MUIIEBBIX cucTeM M. B.M. Top6aTosa PAH, MockBsa, Poccust

Kntoueswvte cnosa: msco, pucku, anmu6uomuf<u, ar—tmu6uomuKope3ucmeHmHocmb MUKPOOP2AHUIMOE

AHnHomayus

Tonvko U3 KauecmeeHHo20 U 6e301MaACHO20 CHIPLS HUBOMHO20 NPOUCXONOEHUS BOIMONCHO NPOU3BOOUMD NPOOYKLUL, OMEeUd-
touyto mpebosanusim Texnuueckux peenamenmos Tamoscernnozo Corsa. O0HAKO 0715 311020 HE0OX00UMO UOEHMUPUUUPOSAMD
PUCKU, CBA3AHHDLE C €20 UCNONIb30BAHUEM, C OUEHKOL U YKA3AHUeM MeXaHU3M08 ynpasnenus. IIpu npoussodcmee MACHOL npo-
OyKUYUU, MEXAHUSMYL YNPABTIEHUS UOEHINUPUUUPOBAHHDIMU PUCKAMU, CBA3AHHDLIE C MACHBIM CbipbeM, 0y0ym pasnvimu. Llenvio
HAaule20 UCCe008aHUS ABNIACMCA UOEHMUPUKAUUA HAUOOIIee BANCHDIX (PAKIMOPOB PUCKA, CEAZAHHBIX C MACOM OM PAZHBIX 61008
HUBOMHDBIX, 6 M. 4. U NMULbL, KOMOPOE UCNONb3YEMCS 6 HACMOAULee BPeMS HA MACONePepadamvléaruiux npeonpusmusx. Ax-
ueHm 6oL cOenan Ha Msce, NPeOHA3HAMEHHOM O7IA NPOU3BOOCBA CLIPOKONUEHbLX KONIOAC, M.K. Ima npooyKuus nodsepeaemcs
MUHUMATIOHBIM TMeMNEPAmypHbiM 6030eiiCIBUIM, COOMEEMCIEeHHO NPU Hebaz0NPUSIMHBIX YC0BULX NPAKMU1eCKU 6ce20d
coxpausem napamempul UCX00H020 Colpbs (Hanpumep, HALUHUe AHMUOUOMUKOB, NAMO02EHHBIX MUKPOOpeanu3mos). IIpu uden-
MUPUKAUUY XUMUHECK020 PaKMOPA PUCKA UCNONL308AU CKPUHUH208bLTE MUKPOOUONIOZUHECKUTI MemO0 HA HANUYUE AHMUMU-
KPOOHBIX XUMUOmMepanesmueckux eeuyecms. [l ycmanosneHus 610a102U4ecK0eo gaxmopa pucka npumeHanu KaaccuvecKue
Mmukpobuonozuueckue memooot. Hamu 6vi10 ycmanosneHo, 4mo xumudeckuii paxmop pucka (Hanuuue aHmumukpooHobLx Xu-
Muomepanesmu1ecKux euiectns) co3daem npoobsemy 610n02u4eckozo xapakmepa, m.e. NPUBOOUM K 603HUKHOBEHUIO AHIMUOU-
OMUKOYCMOUHUBDIX WIMAMMOB NamozeHos. Tak, npu uccie008aHuL 2060UHbL HAMU ObLI0 YCIMAHOBTIEHO, YO NPOUEHH KOH-
MAMUHUPOBAHHBIX AHMUMUKPOOHLIMU XUMUOMePANesmuueckuMu sewecmeamu 00pasuoe cocmasun 26,7 %, céunutuvl 35,3 %,
a msico nmuyvt — 42,9 %. Ipu amom 6 amux xe 06pasyax e08s0unvt omcymcemeosanu Salmonella spp. u L.monocytogenes,
oonaxo E.coli 6vinu 06Hapysicervl u 0HU 0eMOHCIPUPOBATIU CE010 YCIOTIMUBOCHb K deticmeuio anmubuomukos. B ceunune u 6
MsAce nMUYbL 6ce UCKOMble baxmepuu Ovinu 00HapyseHvl. Bosmoncro, y 0anHvix 611008 HUBOMHBIX U NIMULbL, WIMAMMbL MUKPO-
opeanu3mos 06nadarm Haubonvuleti aHMubaKmepuanvHOLl Pe3UcmeHmHoCmbIo.

Review paper

IDENTIFICATION OF RISKS ASSOCIATED
WITH RAW MATERIALS OF ANIMAL ORIGIN

Elena V. Zajko, Dagmara S. Bataeva*
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: meat, risks, antibacterial drugs, antibiotic resistance

Abstract

Products, that meet the requirements of Technical regulations of the Customs Union are possible to produce only from high-quality
and safe raw materials of animal origin. However, it is necessary to identify the risks associated with its use, assessment and indica-
tion of management mechanisms. In the production of meat products, the mechanisms for managing the identified risks associated
with meat raw materials will be different. The aim of our study is to identify the most important risk factors associated with meat
from different species of animals, including poultry, currently used in meat processing plants. The emphasis was placed on the
meat intended for the production of smoked sausages, as these products are subjected to minimal temperature effects, respectively,
under adverse conditions, almost always retains the original parameters of the feedstock (for example, the presence of antibiotics,
pathogens). The screening microbiological method for the presence of antimicrobial chemotherapeutic agents was used to identify
the chemical risk factor. Classical microbiological methods were used to determine the biological risk factor. It was found that the
chemical risk factor (the presence of antimicrobial chemotherapeutic agents) creates a biological problem, i.e. the emergence of
antibiotic-resistant strains of pathogens. Thus, in the study of beef, we found that the percentage of samples contaminated with an-
timicrobial chemotherapeutic agents was 26.7 %, pork -35.3 %, and poultry meat — 42.9 %. At the same time, Salmonella spp. was
absent in the same beef samples and the monocytogenes, however, have been found and they have demonstrated their resistance to
antibiotics. In pork and poultry all bacteria were found. Perhaps, these species of animals and poultry, strains of microorganisms
have the greatest antibacterial resistance.

ANA LUTUPOBAHUSA: 3aiiko E.B., bataeBa A.C. UAeHTUDUKALUA PUCKOB CBA3AHHbIX C CbIPbEM XXMBOTHOIO NPOUCXOXKAEHUA. Teopus U NpaKTUKa nepe-
pabotku msaca. 2018;3(4): 23-31. DOl 10.21323/2414-438X-2018-3-4-23-31

FOR CITATION: Zaiko E. V., Bataeva D. S. Identification of risks associated with raw materials of animal origin. Theory and practice of meat pro-
cessing. 2018;3(4): 23-31. (In Russ.) DOI 10.21323/2414-438X-2018-3-4-23-31
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BBenenne

C uenbio NpefOTBpalleHNsI BOSHIKHOBEHNA OIIACHO-
CTeit, CBSI3aHHBIX C YHOTpeO/IeHNeM MUILEeBOI PO YKL,
HeoOXOofIMO pa3paboTaTh CUCTEMYy PaHHErO MX BbISABIIE-
Hus. [In1g 3¢ deKTUBHOCTM B 9TOV CCTeMe HeOOXORMMO
YCTQaHOBUTD IPMOPUTETHbIE HAIPaBICHVSI MOHUTOPYHIA
6€30MacHOCTM NMIIEBBIX IPOAYKTOB, IPEAIOYTUTEIBHO
VICIIOZIB3Ys TIOJIXOI, OCHOBAHHBIN Ha OLleHKe pycKa [1].

B MupoBoiT IpakTuMKe MACO paccMaTpuBaeTcs Kak
IPOAYKT BBICOKOTO PUCKA, I KOTOPOTO XapaKTepHBbI
KaK OMojornyeckue, Tak U xummdeckne pucku. ITosro-
MYy BXOJIHOV NPOU3BOJCTBEHHDINI KOHTPO/Ib MACA BaKeH
JUI TIPOM3BOACTBA 0€30IIaCHBIX IPOAYKTOB IUTAHIS
U TIO3BOJIACT 3AIUTUTH O0IeCTBEHHOE 3I0poBbe. B Msace
«TPafMIMOHHO» KOHTPOMUPYIOT ¥ BBIABIAIOT GMOIOTH-
geckie (aKTOpPbl PUCKA, HalpuMep, Hamboee omacHbie
Salmonella, Campylobacter u Escherchia coli OI57 [2],
a XMMHYEeCKue, TaKyMe KaK aHTUMMKPOOHbIE BeleCTBa,
OCTAIOTCS TI0OKa MeHee OIeHEHHbIMU. OJHAKO, OCTATKU
AHTVMUKPOOHBIX BEIeCTB MMM MX METabOIUTOB MOTYT
IPUCYTCTBOBATh B IIMIIEBBIX IPOYKTAX 1 IIONA/ATh B Op-
raHM3M IOTpebuTeNnd yepe3 MpoayKThl mutanna. OgHuM
U3 CaMbIX HeOIAarONpMATHBIX BO3JENCTBUII CUUTAETCH
IPOSBJIEHVIE a/TIEPIUYECKOIl peaKIny B OpraHu3Me 4eso-
BeKa Ha aHTUOMOTHKY [3]. [InnTenpHOe BO3[eiiCTBIE Y/IN
HOBTOpPHBIE 9KCIIO3UIUY MOTYT IIPUBECTU K HAPYLICHNIO
MUKpPOOMOTBI KMIIeYHMKA [4].

[Tomumo ToKcuKomornyeckoro s dekra Ha OpraHU3M
4e/I0BeKa, MCIONb30BaHMEe aHTUOMOTUKOB MOXKET UMETh
HOCTIEICTBYUA [/Is1 PasBUTHUSA aHTUOMOTUKOPE3NCTEHTHBIX
IITAaMMOB cpeiy ero Mukpodopsr [5]. ITostomy 6bit
ueHTUGUIPOBAH [JOMOMHUTENbHBIN PUCK, 3aK/I0Ya-
IOIIMIICA B PAa3BUTUM PE3UCTEHTHOCTU K aHTUOMOTMKAM
Yy MUKPOOPTaHU3MOB.

B HOBOM pmoknafe BecemupHO opraHmMsanum 3gpaBo-
oxpaHeHus (BO3) ormedeHa mpo6ieMa yCTOYMBOCTU
MMKPOOPraHM3MOB K NMPOTMBOMUKPOOHBIM IIperaparam,
BKJ/IIOYasi aHTUOMOTHKM, Ha I7I06AIbHOM YpOBHe [6].

BcemmpHas opranmsauua 3gpaBooxpaHenna (BO3)
BIIEPBbIe OITyO/IMKOBaJIa CIIMCOK YCTOMYMBBIX K eI ICTBIIO
AQHTUOVMOTUKOB «IIPMOPUTETHBIX ITATOTeHOB» — 12 BUJIOB
OakTepuit, MPeACTABIAONMINX HAMOOMBIIYI0 YIPO3y M
3IOpOBbs 4YeloBeKa. IIpencTaBeHHbIe B CIVICKe OakTe-
puu pasjeneHbl Ha TPY TPYIIIBI IO YPOBHIO MOTPEOHOCTH
B CO3JIaHMJ HOBBIX aHTUOMOTMKOB: KpailHe IPUOPUTET-
Hble, BBICOKOIIPYIOPUTETHBIE U CPeHEIIPYOPUTETHBIE.

K kpaitHe mpMOpMUTETHOI TpyIile OTHOCATCS OakTe-
puM ¢ MHOYKECTBEHHOJ JIEKAPCTBEHHOM YCTONYMUBOCTHIO,
KOTOpbI€ IIPEJICTAB/IAIT 0COOEHHO Cepbe3HYI0 OIIACHOCTh
JUISI TIAIVIEHTOB OOMBbHULL 1 JledeOHO- peab TN TalIOHHBIX
LIEHTPOB ¥ MAI[MEHTOB, IJIA IeYeHUA KOTOPBIX TpeOyloT-
Csl MEAMIMHCKIE YCTPOMCTBA, TaKue KaK allapaThl s
VICKYCCTBEHHOJ BEHTWIALMY JIETKVX ¥ BEHO3HbIe Kare-
Tepbl. B 3Ty rpynmy Bxopat Acinetobacter, Pseudomonas
U pasn4yHble BUbI cemeiicTBa Enterobacteriaceae (BKiio-
vas Klebsiella, E.coli, Serratia w Proteus). OHU MOTYT BbI-
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3bIBaTh TSDKE/IblE 1 YaCTO CMepTebHble MHDEKIM, Ta-
Kie KaK MHGeK MM KpOBOTOKA 1 THeBMOHMIO [7]. ¥ aTux
OakTepnit chOpMUpPOBAIACh YCTOMUYMBOCTD K JIEVICTBIIO
IIMPOKOTO psifia aHTMOMOTUKOB, BK/II0Yasi KapbareHeMbl
u 11epaJIOCIIOPUHBI TPETHETro MOKOJIeHNsT — Hauboee a¢-
(beKTUBHBIE U3 MMEIOIINXCsT AHTUOMOTUKOB [I/IsI JIeYeHsI
OakTepranbHBIX MHPEKINIT CO MHOXKECTBEHHOI! TIeKapCT-
BEHHOI yCTOMYMBOCTBIO.

Bropas u TpeThsi IpyIIbl MUKPOOPTaHM3MOB B CIIICKe
BKJIIOYAIOT IpyTye OaKTepui ¢ pacTyllell TeKapCTBEeHHO
YCTOIYMBOCTHIO, KOTOPBIE BBI3BIBAIOT TaKue 3a00/IeBaHIs
Kak ToHopes [8] u muiieBoe oTpas/ieHye (CaIbMOHEIA).

BONbIIMHCTBO M3 9TUX MUKPOOPTAaHM3MOB IIPUCYTCT-
BYIOT B MsICe ¥ IIPOAYKTAaX €ro IepepaboTKy, COOTBETCT-
BEHHO OHU MOTYT IlepelaBaThCsA MOTPEOUTENIO Yepes 3Ty
npogykuuio [9, 10].

Espomneitckuit cows (EC) yxe sanmperun cTuMyns-
TOpPbl pOCTa AHTUOMOTMKOB, TakKue KaK aBOKapILMH,
apianyH, LMHKa OalUTpalyH, BUPTMHUAMULVH, THU-
nosuHdpocdaT, COMpaMULVH, MOHEHCUH HATpUS, Calu-
HOMMIIMH HaTpus, aBWIMMULMH U (r1aBopochonnnomb
u3-3a BOOaBIeHNA B KOPM /I XMBOTHBIX M3-33 TOTO,
YTO MCIO/Nb30BaHMe I3TUX BEI[ECTB MOXXET IIPUBECTHU
K BO3HMKHOBEHMIO aHTMOMOTUKOPE3VCTEHTHBIX LITaM-
MoB 6Oaxtepuit [11]. O6ecrniokoeHHOCTb HOTpebuTeNneit
3aK/II0YaeTCs B TOM, YTO Pas3/IMYHbIe XMMIYECKIe Bellle-
CTBa MOTYT OBITb OOHapy>KeHbI B NMMUIEBBIX MPOAYKTAX.
EC npennpussin cepbesHble Mepbl, BBe[s TpeOOBaHMS
K MaKCUMaJbHOMY YPOBHIO OCTAaTKOB BeTepMHAapPHBIX
[penapaToB B MPOAYKTAX >KMBOTHOTO MPOUCXOXKIEHN,
B T.4. U B MsICe U IIPEICTAaB/ICHBI KAK CAMUM IIPEHapaToM,
TakK 1 ero Metabomuramu [12]. B 3aBucumocTu or mpu-
POMBI XMMIYECKOTO BelljeCTBA ¥ €r0 MeTabOMNTOB OHU
MOTYT IpPEACTAaBIATh TOKCUKOIOINYECKYI0, (papMaKoso-
TUYECKYI0 WIM MUKPOOMOIOTMYECKYI0 OHMACHOCTD JiIs
notpebureneit [13].

Llenpio MccnenoBaHuA ABAACTCA UAEHTUDUKALNA PU-
CKa Ha/ImM4ysl aHTUMMUKPOOHBIX XMMMUOTEPANIEBTUYECKIX
BEIIeCTB B MsACE PAa3HbIX BUJIOB KMBOTHBIX, B T.4. U ITHU-
I1bI, KOTOPbIE VICIIO/IB3YIOTCS B HACTOsIIIee BPeMsI Ha MsICO-
nepepabaThIBAIOLINX IIPEAIPUATHAX.

Marepuanbl 1 MeTOJbI

Beumn mccnenoBanbl 00pasubl CBUHMHBI, TOBSMHBI
U MACa OTUIBI, OTOOpaHHbIE HEIOCPECTBEHHO B MsC-
HBIX IleXaX [0 IPOM3BOACTBY CBIPOKOIYEHBIX KOrmbac.
Ouy 6bUIM IPOTECTUPOBAHBI Ka4eCTBEHHBIM MUKPOOMU-
OJIOTMYECKMM METOJIOM, OCHOBAHHBIM Ha IIOfIaBJICHUN
pOCTa TeCT-IITaMMa XVMUOTEPANIEBTUYECKIUMI aHTUMMI-
KpOOHBIMYU BelljecTBaMu. B kadecTBe TecT-arapa, s BU-
3ya/JIbHOTO OIIpefe/ieHNs] HaMN4nsl M3y4aeMbIX BeljeCTB
B 00pas1jax, UCII0/Ib30BA/IM IVIOTHYIO IINTATENbHYIO CPeRy
no KyHppaTy ¢ MHAMKAaTOpOM GPOMKpe30/ IIypIypHBIM
(mpomsBopactBo «brorepmane», Poccus). Tect-mrammom
ABMATCSA criopsl Bacillus stearothermophilus, xotopsle
3a cyeT CBOel (pepMEeHTATUBHOI aKTUBHOCTHU B YC/IOBYSIX
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TepMOQIIBHOTO Ky/IbTMBMPOBAHUA ¥ IPU OTCYTCTBUN
HOZIAB/ISAIOIMX WX POCT BeLeCTB, CIIOCOOHBI 06paso-
BBIBAaTh KUCIOTY ¥ OOeclBe4YMBaTh IUTATE/NIbHBIN arap.
JsmeHeHMe IjBeTa NIUTATENIbHOM Cpefbl BOKPYI MecCTa
NOKaNM3alyy UCCIENyeMOI alMKBOTBI CBUJETEIbCTBYET
0 Ha/INYMY B MsICe XMMIOTEPANeBTUYECKIX aHTUMUKPOO-
HBIX BEILleCTB.

IIpouenypa mOATOTOBKM a/lMKBOTBI M3 UCCIELYEMOTO
obpasija Msca IpegycMaTpuBaeT M3Me/lbyeHVe HaBeCKU
Maccoii 25,0 T B HO)KeBOM M3MeIbYUTEIE, 3aTeM TOMOTEHM -
3anuio B makeTax ¢ 25,0 cM® Gpu3nonornueckoro pactBo-
pa ¢ momolpio romorennsaropa (mpoussoactsa «AES»,
®pannus). DKCTparnpoBaHye MPOBOAVIN B TEPMOCTATe
(mpomssogpcTBa «Binder», lepmanus) mpu Temmeparype
(37£1)°C B Teuenue 90 MIMH MEPUOIUIECKY TI€PEMEIIIN-
Bas. CylepHaTaHT IOTyYaiu Iy TeM LeHTpUPYTUPOBaAHI
nonyderHoit cmecy pu 3000 06/MuH B TeyeHne 10 MuH.,
KOTOPBIII 3aTeM BHOCH/I ITapajlIe/IbHO B IBE TYHKM T€CT-
arapa B o6beme 0,05 cM’. [l adpdextnBHOI [uddysnn
mpo6Obl B IUTATe/IbHBII arap, damku Iletpu ¢ uccnenye-
MBIM MaTepuanoM BbIfIepKIBa/IM IIPY KOMHATHOI TeMIle-
patype B TedeHue 30 MUH, 3aTeM IIOMeIA/IN B TEPMOCTAT
(mpousBogpcTBa «Binder», epmanus) mpu Temmeparype
(65+1)°C Ha (3,5+0,5) 4.

OtcyTcTBME pOCTa TECT-KYIbTYpbl BOKPYI JIYHKU
WMpuHON oT 2,0 MM 1 6os1ee, OLEHMBAIN, KaK IIOJIOXKI-
TE/IbHBI/l pe3y/IbTaT, T. €. KaK HaJM4yyue aHTUOMOTUKOB
VWIN [PYIMX AaHTUMUKPOOHBIX XMMMUOTEPANeBTUYECKUX
BeIlleCTB B aHa/mM3upyeMolt mpobe. OmHAKO, OTCYTCTBME
pOCTa TeCT-KY/IbTYPBl BOKPYT IYHKM Ha LIMPUHE MEHee
2,0 MM, WIN HaIW4Ke poCTa TeCT-KYIbTYPhl C U3MEHEHN-
€M IIBeTa Cpefibl C CMHEro Ha JKeJTblil, OlleHNBaNM, Kak
OTpPUILATE/IbHBII PE3y/IbTaT, T.e. KAK OTCYTCTBUE aHTUOMU-
OTHMKOB WM JPYTUX aHTUMMUKPOOHBIX XMMMOTEpaIeBTH-
YeCKMX BeIIeCTB B aHA/IM3MPyeMoii mpobe.

O6pasipl Msica, B KOTOPBIX ObIIM OOHAPY>KeHbI aHTH-
MUKpPOOHbIe XMMUOTEPAIIeBTIYECKIIE BellleCTBa MCCTIeN0-
BaJM Ha HaJM4Me IATOTeHHBIX M YCIOBHO-IIATOr€HHBIX
MUKpoopranusmos: Salmonella spp., L.monocytogenes
u E. oli. [T ux BbIABIEHMS MUCIIONIb30BAJIN K/IACCUYECKIIE
MUKpo6Monorndeckre Metonsl [14,15,16].

PesynpraTsl n 06CyKeHne

[l/is1 BBIABNIEHUs] aHTUMMKPOOHBIX XMMMOTEPATIEeBTH-
YeCKMX BelljeCTB, ObIIN IPOBEieHbl MCC/IeoBaHms 00pas-
LIOB MsACa Pa3/IMYHBIX BUJIOB KMBOTHBIX, B T.4. ¥ IITUIIBI
Ha X Haju4ue. PesynpTarhl npefcrasieHsl Ha Puc. 1.

/13 pannbIX Puc. 1, MBI Hab/m0aeM IPUCYTCTBUE VICKO-
MBIX BeI[eCTB B MsACEe Pa3IMYHBIX BULOB >XMBOTHBIX,
a Taxoke NTUIbL. Ha mepBoM MecTe 1o KOMMYeCTBY IOJIO-
JKUTENTbHBIX MPOO C aHTUMUKPOOHBIMM XUMMOTEPAIIEB-
TUYECKVMIY BelleCTBaMy OBUIO MSCO ITHUIBI, HA BTOPOM
U TpeTbeM MeCTe CBMHMHA U TOBAJVHA, COOTBETCTBEH-
Ho. [Ipn mccnemoBaHMM TOBAAVHBI JONA KOHTaMMHMPO-
BaHHBIX 00pasioB cocTaBmia 26,7 %, cBUHUHBI 35,3 %,
a B Msce nTuilbl — 42,9 %.
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0% T T T
loBaauHa CBUHMHA NTnua
Bug maca

B Konnuectso nonoxutensHeix, % M Konnyectso otpuuatensHbix, %

% uccneaoBaHHbIX 06pasyoB

Puc. 1. Pesynbrarnl uccnefosanua maca KPC, cBuHeit n nTuup Ha
Ha/M4ie aHTUMMKPOOHBIX XMMIOTEPAIEBTIECKIX BEI[ECTB

JlaHHBIe HAIINX MCCI[OBAHWII II0 CBUHVHE COIOCTA-
BMMBI C pe3ynbpTaraMi nmonydeHusiMu B 2017 ropy Hexing
Wang ¢ coaBTOpaMyu, KOTOpble BBIABMIN aHTMOMOTUKI
B 35,3 % 13 BCeX UCC/IeOBAHHBIX 00Pa3I[0B CBUHNHBI, Of-
HAKO B MsCe ITHUIIBI TIOJIOKUTEIbHBIX C/Iy4aeB MMM ObIIO
0OHapy>XeHO B 2 pa3a MeHblIlle 1 cocTaBuio 22,2 % [17].

CornmacHo Beemer u coaBropam (2011) aHTHOMOTUKM
B OCHOBHOM NCIIO/IB3YIOTCS IIPU BBIPAIVIBAHUY CBMHEIL,
TenAT U Kyp. O6beKTbl, KOTOpble NO/DKHBI ObITH BKIIIO-
4YeHbl B MOHMTOPVMHI ¥ WJIeHTU(PUIVMPOBAHBI KaK pPIC-
KOBbIE, — 3TO NPOAYKTHI, KOTOPbIe MOKa3aau OOJIbIION
IpPOLIEHT KOHTAMUHALMM OCTaTKaMU aHTUMMKPOOHBIX
BelecTs [18].

Takum 06pasoM, TOTy4eHHbIe HAMY JJAHHbIE TTO3BOJIAT
UIeHTU(UIVPOBATb CBUHNHY ¥ TOBAAVHY, a TaKXe MACO
OTUIBI KaK PYCKOBOE ChIpbe IO HAIMYMI0 aHTUMUKPOO-
HBIX BelecTB. C1ejoBaTe/IbHO, JO/KEH ObITh IIOCTOSHHBIN
MOHUTOPMHT 3TOTO ChIpbSl Ha Ha/lN4ule OCTaTOYHBIX KO-
JINYeCTB aHTMOAKTEPUAIbHBIX IpernaparoB. MOHUTOPYHT
Msca Ha Ha/ju4ye aHTUMMKPOOHBIX XMMMOTEpaIleBTiye-
CKMX BeIeCTB MOXKHO MHTEPIPETUPOBATh KaK OLIEHKY CO-
OTBETCTBMs Mep, NIPUHATHIX paHee B IIETIOYKE ITOCTaBOK.

MBI npeponaram, 4To MACO C aHTUOAKTePYATbHBIMMI
BeIlleCTBAMM JIOJKHO OBITh CBOOOIHO OT MUKPOOPTaHNU3-
MOB 3a CYeT IIOJAB/IEHNs UX POCTA 3TUMM BellleCTBAMIL.
ITosToMy MBI /151 JOKa3aTe/IbCTBA CBOUX IIPETIONIOKEHUI
MICCTIEfIOBA/IN 9TU Ke po6bl Ha Hanuuue Salmonella spp.,
L.monocytogenes u E.coli.

PesynbraThl MccnenoBanns mpeacrabBaeHsl Ha Puc. 2.

B pesynbrate MCCIEHOBaHUII YCTAHOBJIEHO, 4TO
B TOBS/MHE C AHTMMUKPOOHBIMM XVMMUOTEpAIeBTH-
YeCKMMU BellleCTBaMM OTCYTCTBOBa/m Salmonella spp.
u L. onocytogenes, ogHako E.coli meMoHcTpupoBana cBo
YCTOMUYMBOCTD K HUM. DTOT MUKPOOPTaHNU3M IO JINTepa-
TYPHBIM JJaHHBIM YCTOIYUB K Lje(aTOTUHY, aMINLIVIIIN-
HY, LedOTaKcuMy, HUTPOQDYPAHTOMHY, TeTPALUKINHY,
reHTamunuay [19,20,21].
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Puc. 2. PesynbraTel nccnegosanus msaca KPC, cBuHeit u nTUIIbI ¢ aH-
TI/IMI/IKPO6HI)IMI/I XVMMOTEPANIEBTUYECKMIMI BELIECTBAMI Ha HalIn4ne
Salmonella spp., L.monocytogenes u E.coli

OnHaxko, B CBUHUHE U B Msce ntuubl Salmonella spp.,
L.monocytogenes u E.coli 6p1t1 06Hapy>KeHbl. Bo3aMoXXHO,
CpeAM [AaHHOTO BUJAA XXMBOTHOTO M ITHUIBI KYPCUPYIOT
IITAMMBI C HanOO/IbIIIelt aHTUOMOTUKOPE3UCTEHTHOCTBIO.

Cormacno crmncky BO3 «Kputnueckn Ba>kHbIE aHTH-
OMOTUMKM I MEUIIVIHBI Ye/IoBe4YecTBa» 5 BapuaHt 2016
rofa, mpefnctaBneHHble B Tabm. 1 aHTUOMOTHUKY, [EMATCS
Ha 3 TpyNIbl: KPUTUYECKMU BaKHbIE, BICOKOM BaKHOCTHU
U BaKHbIE.

CorylacHO ZaHHBIM MCCIEOBAaHMI y4eHbIX K Hanubomee
BBIAB/ISIEMbIM aHTVMUKPOOHBIM XVIMUOTEPANIeBTUYECKUM
BeIl[eCTBAaM B Msce YOOIHBIX )XMBOTHBIX U IITUIBI OTHO-
cATCS GTOPXMHOJIOHDI, HEHUIVJIUIVH, aMIUIVIJINH, CTPeIl-
TOMMIIVH, XT0paM(peHNKOI, HUTPOPypaHbl U aHTUONO-
TYIKV TeTPAlMKINHOBO Tpymel [17,22,23,24].

Kax BupiHO 13 ITpejicTaB/IeHHBIX JaHHBIX, Hanbolee BbI-
ABJIAeMble aHTMOMOTIKI B MsICe )KMBOTHBIX Y IITUIIBI BXO-
iAT B crincok BO3 Kak B IpyIITy BaKHBIX aHTUOMOTUKOB,
TaK )1 B TPYIITy OY€Hb BaYKHBIX VI KPUTUYIECKI BaXKHBIX aH-
THOMOTUKOB [I/IsI MeAUIVHBL Takoe coCTOsIHIE TIPO6TIeMbI
OyzmeT B Ha/lbHeNIIeM CIIOCOOCTBOBATh (HOPMUPOBAHMIO
U PacIpOCTPAaHEHNIO AaHTUOMOTUKOPE3UCTEHTHOCTH Cpe-
IV TIATOT€HHBIX MUKPOOPTaHM3MOB.

Ta6muua 1. IlepeyeHp KPUTHIECKN BaXKHBIX AaHTHOMOTHUKIY [/ IeYEHMS IO

Knacc aHTuOMOTKOB

IIpumep mexapcTBEHHOTO CPeACTBA

KPUTNYECKU! BAJKHBIE AHTUBMOTHUKHN

Aminoglycosides
Ansamycins
Carbapenems and other penems
Cephalosporins (3,4 1 5 mokoreHns)
Glycopeptides
Glycylcyclines
Lipopeptides
Macrolides and ketolides
Monobactams
Oxazolidinones
Penicillins (natural, aminopenicillins, and antipseudomonal)
Phosphonic acid derivatives
Polymyxins
Quinolones

Drugs used solely to treat tuberculosis or other mycobacterial diseases

gentamicin
rifampicin
meropenem
ceftriaxonecefepime, ceftarolin e
vancomycin
tigecycline
daptomycin
erythromycin, telithromycin
aztreonam
linezolid
ampicillin
fosfomycin
colistin
ciprofloxacin
isoniazid

AHTUBVOTUKU BBICOKOJ BAJKHOCTU

Amidinopenicillins

Amphenicols
Cephalosporins (1st and 2nd generation) and cephamycins
Lincosamides
Penicillins (anti-staphylococcal)
Pseudomonic acids
Riminofenazines
Steroid antibacterials

mecillinam
chloramphenicol
cefazolin
clindamycin
oxacillin
mupirocin
clofazimine
fusidic acid

Streptogramins, quinupristin/dalfopristin
Sulfonamides dihydrofolate reductase inhibitors and combinations sulfamethoxazole, trimethoprim
Sulfones dapsone
Tetracyclines chlortetracycline
BAJKHBIE AHTUBMIOTNKI

Aminocyclitols spectinomycin

Cyclic polypeptides bacitracin
Nitrofurantoins nitrofurantoin
Nitroimidazoles metronidazole
Pleuromutilins retapamulin
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3axknrouenne

Takum o6pasom, 6bUT UAEHTUUIMPOBAH PUCK, CBA-
3aHHBII C CBIPbEM >KMBOTHOIO IPOMCXOXKAEHN, II0
CBOEJI CYTM XMMMYeCK1il (Hanmm4me aHTUMUKPOOHDBIX XM-
MMOTepaIeBTUYECKNX BeIeCTB), HO CIIOCOOCTBYIOLINI
K IPOsIBIIEHNI0 Guomorndeckoro omacHoro ¢dakropa. On
3aK/II0YaeTCA B ITOABICHNM B €CTECTBEHHOI cpefie obuTa-
HYs (B HaIlleM C/Tydae 9TO JKMBOTHBIE U MJICO, IO/Tydae-
MO€ OT HIX) «MACHBIX» CyIepOaKTepuil ¢ yCTONYMBOCTDIO
K COBPEMEHHBIM JIe4eOHBbIM aHTMOmotnkaMm. OgHUM 13

Introduction

In order to prevent the emergence of hazards associated
with the use of food products, it is necessary to develop a
system of early detection. To be effective in this system, it is
necessary to establish priority areas for food safety moni-
toring, preferably using a risk-based approach [1].

In world practice, meat is considered as a high-risk
product, which is characterized by both biological and
chemical risks. Therefore, meat input production control
is important for the production of safe food and helps to
protect public health. In meat, biological risk factors, such
as the most dangerous Salmonella, Campylobacter and
Escherchia coli O157, are «traditionally» controlled and
identified [2], while chemicals, such as antimicrobials, re-
main less valued. However, residues of antimicrobial sub-
stances or their metabolites may be present in food and
enter the consumer’s body through food. Among the most
adverse effects is considered to be the manifestation of an
allergic reaction in the human body to antibiotics [3]. Pro-
longed exposure or repeated exposure may result in im-
paired gut microbiota [4].

In addition to the toxicological effect on the human body,
the use of antibiotics may have consequences for the devel-
opment of antibiotic-resistant strains among its microflora
[5]. Therefore, an additional risk was identified, which is the
development of antibiotic resistance in microorganisms.

In the new report of the World health organization
(WHO) noted the problem of microbial resistance to anti-
microbial agents, including antibiotics, at the global level [6].

The World health organization (WHO) has published
for the first time a list of antibiotic — resistant «priority
pathogens» — 12 species of bacteria that pose the greatest
threat to human health. The bacteria presented in the list
are divided into three groups according to the level of need
for new antibiotics: extremely priority, high priority and
medium priority.

To the high-priority group includes bacteria with mul-
tiple drug resistance, which represents a particularly se-
rious threat to hospital patients and treatment and reha-
bilitation centers and patients for treatment that require
medical devices, such as apparatus for artificial pulmonary
ventilation and venous catheters. This group includes Aci-
netobacter, Pseudomonas, and various species of the family
Enterobacteriaceae (including Klebsiella, E. coli, Serratia,
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HyTell YIpaBIeHNUs] MOXET sBJISATbCS TOTATbHBIN MOHM-
TOPVMHT Msica Ha 3Tare y6osi >KMBOTHBIX M IEPBUYHOI
nepepaboTky Msaca. Ocobyi0 OIACHOCTb IpeACTaB/IAeT
UCIIO/Ib30BaHNMe MsCa C AHTUOMOTUKOPE3UCTEHTHBIMU
mTaMMaMy GakTepuit Ipy NMPOM3BOACTBE MSCHBIX IIPO-
[YKTOB, He IIPEANONATAINX BBICOKOTEMIIEPATYPHYIO
00paboTKy, HalpyMep TakKue KakK, ChIPOKOITYEeHbIe MC-
Hble U3JIeNsI, T.K. HEKOTOpbIe YCTOIYMBbIe GaKTepuu ro-
PM30HTA/ILHBIM IIEPEHOCOM IIePefaloT APYTUM, HEyCTOlI-
YUBBIM, TeHBI AHTUOMOTUKOPE3VCTEHTHOCTIL.

and Proteus). They can cause severe and often fatal infec-
tions such as bloodstream infections and pneumonia [7].
These bacteria have developed resistance to a wide range of
antibiotics, including carbapenems and third — generation
cephalosporins, the most effective available antibiotics for
the treatment of multidrug-resistant bacterial infections.

The second and third groups of microorganisms in the
list include other bacteria with growing drug resistance
that cause diseases such as gonorrhea [8] and food poison-
ing (Salmonella).

Most of these microorganisms are present in meat and
products of its processing, respectively and they can be
transmitted to the consumer through these products [9, 10].

The European Union (EU) has banned growth stimu-
lants, antibiotics, such as amocarzine, anacin, zinc baci-
tracin, virginiamycin, trainfest, spiramycin, monensin
sodium, salinomycin sodium, avilamycin and flavophos-
pholipol for addition to the feed for animals due to the fact
that the use of these substances can lead to the emergence
of antibiotic-resistant strains of bacteria [11]. The concern
of consumers is that different chemicals can be found in
food. The EU has taken serious measures by introducing
requirements to the maximum level of veterinary drug
residues in animal products, including meat, and is rep-
resented both by the drug itself and its metabolites [12].
Depending on the nature of the chemical and its metabo-
lites, they may present a toxicological, pharmacological or
microbiological hazard to consumers [13].

The aim of the study is to identify the risk of antimicro-
bial chemotherapeutic agents in the meat of different spe-
cies of animals, including poultry, currently used in meat
processing plants.

Materials and methods

The samples of pork, beef and poultry, selected directly
in the meat shops for the production of smoked sausages
were investigated. They were tested by a qualitative micro-
biological method, based on inhibition of growth of the
test strain by chemotherapeutic antimicrobial substances.
As a test agar, for visual determination the presence of the
studied substances in the samples, we used a dense nutri-
ent medium by the Kundrat with the indicator bromkre-
sol purple (production of «Biotermal», Russia). The test
strain is Bacillus stearothermophilus spores, which due to
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their enzymatic activity in the conditions of thermophilic
cultivation and in the absence of substances that suppress
their growth, are able to form acid and discolor the nutri-
ent agar. The change in the color of the nutrient medium
around the localization place of the investigated aliquot
indicates the presence of chemotherapeutic antimicrobial
substances in the meat.

The procedure for the preparation of aliquots from the
test sample of meat involves grinding sample weight of
25.0 g in a knife grinder, then the homogenization in pack-
ages with 25.0 cm3 of saline using a homogenizer (produc-
tion of «AES», France). Extraction was carried out in a
thermostat (produced by Binder, Germany) with the tem-
perature of (37 +1)°C during 90 minutes and periodically
stirring. The supernatant was obtained by centrifuging the
resulting mixture at 3000 rpm during 10 min., which was
then introduced in parallel into two test agar wells in the
volume 0.05 cm3. For effective diffusion of the sample into
the nutrient agar, Petri dishes with the test material were
kept at room temperature during 30 minutes, and then
placed in a thermostat (produced by «Binder», Germany)
at the temperature of (65+1)°Cat (3.5£0.5) h.

The absence of growth of the test culture around the
well width 2.0 mm or more was evaluated as a positive re-
sult, i.e. as the presence of antibiotics or other antimicro-
bial chemotherapeutic substances in the analyzed sample.
However, the lack of growth of the test culture around
the well at a width of less than 2.0 mm, or the presence of
growth of the test culture with a change in the color of the
medium from blue to yellow, was evaluated as a negative
result, i.e., as the absence of antibiotics or other antimicro-
bial chemotherapeutic substances in the analyzed sample.

Meat samples, in which antimicrobial chemotherapeu-
tic agents were found, were examined for the presence of
pathogenic and opportunistic microorganisms: Salmonella
spp., L. monocytogenes and E. coli. Classical microbiologi-
cal methods were used for their detection [14,15,16].

Results and discussion

For the detection of antimicrobial chemotherapeutic
agents, studies were conducted of the samples of meat of
various animal species, including poultry on their pres-
ence. The results are shown in Figure 1.

From the data of Figure 1, we observe the presence of
the desired substances in the meat of different species of
animals as well as poultry. In the first place in the number
of positive samples with antimicrobial chemotherapeutic
substances was poultry, in the second and third place pork
and beef, respectively. In the study of beef, the proportion
of contaminated samples was 26.7 %, pork — 35.3 %, and
poultry meat — 42.9 %.

The data of our studies of pork are comparable with the
results obtained in 2017 by Hexing Wang with co-authors,
who identified antibiotics in 35.3% of all studied pork sam-
ples, but in poultry meat positive cases they were found
2 times less and amounted 22.2 % [17].
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Figure 1. Results of the study of beef, pork and poultry meat for the
presence of antimicrobial chemotherapeutic agents

According to Beemer and co-authors (2011) antibiot-
ics are mainly used in the cultivation of pork, calves and
chickens. The objects, that should be included in the moni-
toring and identified as risky, — are products that showed
a large percentage of contamination with antimicrobial
residues [18].

Thus, the data obtained by us will allow to identify pork
and beef, and poultry meat as a risky raw material for the
presence of antimicrobial substances. Therefore, there
should be constant monitoring of this raw material for the
presence of residual amounts of antibacterial drugs. Moni-
toring of meat for antimicrobial chemotherapeutic agents
can be interpreted as an assessment of the compliance of
measures taken earlier in the supply chain.

We assumed that meat with antibacterial substances
should be free from microorganisms by suppressing their
growth with these substances. That is why, we investigated
the same samples for Salmonella spp, L. monocytogenes and
E. coli to prove our assumptions.

The results of the study are shown in Figure 2.

There was established in result of researches, that in
beef with antimicrobial chemotherapeutic substances
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Figure 2. Study results of beef, pork and poultry meat with antimi-
crobial chemotherapeutic agents for the presence of Salmonella spp.,
L. monocytogenes and E. coli



Table 1. List of critical antibiotics for human treatment
Class of antibiotics
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Example of medicine

CRITICALLY IMPORTANT ANTIBIOTICS

Aminoglycosides
Ansamycins
Carbapenems and other penems
Cephalosporins (3,4 1 5 moxoneHus)
Glycopeptides
Glycylcyclines
Lipopeptides
Macrolides and ketolides
Monobactams
Oxazolidinones
Penicillins (natural, aminopenicillins, and antipseudomonal)
Phosphonic acid derivatives
Polymyxins
Quinolones
Drugs used solely to treat tuberculosis or other mycobacterial diseases

gentamicin
rifampicin
meropenem
ceftriaxonecefepime, ceftarolin e
vancomycin
tigecycline
daptomycin
erythromycin, telithromycin
aztreonam
linezolid
ampicillin
fosfomycin
colistin
ciprofloxacin
isoniazid

ANTIBIOTICS OF HIGH IMPORTANCE

Amidinopenicillins

Amphenicols
Cephalosporins (1st and 2nd generation) and cephamycins
Lincosamides
Penicillins (anti-staphylococcal)
Pseudomonic acids
Riminofenazines
Steroid antibacterials

mecillinam
chloramphenicol
cefazolin
clindamycin
oxacillin
mupirocin
clofazimine
fusidic acid

Streptogramins, quinupristin/dalfopristin
Sulfonamides dihydrofolate reductase inhibitors and combinations sulfamethoxazole, trimethoprim
Sulfones dapsone
Tetracyclines chlortetracycline
IMPORTANT ANTIBIOTICS

Aminocyclitols spectinomycin

Cyclic polypeptides bacitracin
Nitrofurantoins nitrofurantoin
Nitroimidazoles metronidazole
Pleuromutilins retapamulin

there were no Salmonella spp. and L. monocytogenes, how-
ever, E.coli have demonstrated their resistance to them. Ac-
cording to literature data, this microorganism is resistant
to cephalotin, ampicillin, cefotaxime, nitrofurantoin, tet-
racycline, gentamicin [19,20,21].

However, in pork and poultry meat Salmonella spp.,
L. monocytogenes and E. coli was detected. Perhaps among
this species of animal and poultry ply strains with the
greatest antibiotic resistance.

According to the WHO list «Critical antibiotics for hu-
man medicine» version 5 of 2016 presented in the Table. 1
antibiotics are divided into 3 groups: critical, high impor-
tance and important.

According to research of the scientists, the most an-
timicrobial chemotherapeutic substances in the meat of
slaughtered animals and poultry are fluoroquinolones,
penicillin, ampicillin, streptomycin, chloramphenicol,
nitrofurans and antibiotics of the tetracycline group
(17,22,23,24].
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As can be seen from the data presented, the most detect-
able antibiotics in animal and poultry meat are included in
the WHO list of both the group of important antibiotics
and the group of high important and critical antibiotics for
medicine. This state of the problem will further contribute
to the formation and spread of antibiotic resistance among
pathogens.

Conclusion

Thus, the risk associated with raw materials of animal
origin, inherently chemical (the presence of antimicrobi-
al chemotherapeutic substances), but contributing to the
manifestation of biological hazards was identified. It con-
sists in the appearance in the natural habitat (in our case,
animals and meat derived from them) of «meat» super-
bacteria with resistance to modern therapeutic antibiotics.
One of the way of management can be total monitoring of
meat at the stage of slaughter of animals and primary pro-
cessing of meat. Particular danger is the use of meat with
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antibiotic-resistant strains of bacteria in the production of

meat products that do not involve high-temperature pro-
cessing, for example, such as raw smoked meat products,

because some resistant bacteria transfer to other horizon-
tal, unstable, antibiotic resistance genes.
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INPVMMEHEHUVE MHCTPYMEHTOB IIPOTEOMUKMN
HA IIPMMEPE U3YYEHUSA ABTOIUTNYECKUX M3MEHEHUN

MBIIIEYHOV TKAHU CBYMHIHBI
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Kniouesvie cnosa: asmonus, c6unuHa, npomeomuxa, mvluuedHulil 6es10k, 08yMepHbLil snexmpogpopes

AHnnomauyus

IIpu nomousu anexmpogopemuneckux memooos ¢ danvHetiuieli Macc-cnekmpomempuueckoti udenmugpuxavueti 61710 06Hapy-
JieHo 8 OenKo6bIX Beuiecns, npemepresaroujue UsMeHeHUs 6 x00e asmonusa. BuiaenenHvie Genkosvle seujectnea umerm pas-
JIUHHOE NPOUCXONOeHUe: cpyKmypHble benku (Pppazmenmor mpononunos T u neekue uenu MUo3uHa), a makxie memaodonute-
ckue benku (KpeamuHKkunasa, nupysamxunasa u anvga-enonasa). Haubonee svipaiceHHo npoxoouna dexomno3uyus gppaxiyuti
mpononuna T 6vicmpuoix ckenemuoix moiwy, 6 28,0 klla, 27 k/a u 26,5 x1Ja.

Hoenmugukayus KoHCMUMymueHolx 0enko8 U 6viieieHue NPoOyKmos nocmepmHoli Oezpadayuu OenkoevlX MONEKYI,
0enam ux Xopowmumy KaHoudamamu mMapkepos Kavecmea msca, a 0anvHetiuiue Uccried08anust IMUX KOHKpemHoLx dpaz-
MEHMO8 NPpUeedym K nyuuiemy NOHUMAHUIO NPOMEOIUMUHECKUX AKIMUBHOCEL, YHaACMEYI0ULUX 6 NOCMEPIHOM npespatie-
HUU MblULY, 8 MACO.
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APPLICATION OF PROTEOMIC TOOLS:
THE AUTOLYTIC CHANGES OF PORK MUSCULAR TISSUE

Irina M. Chernukha, Anastasiya G. Akhremko*
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia
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Abstract

Eight protein substances that undergo changes during autolysis were found using the electrophoretic methods with the following
mass spectrometric identification. The revealed protein substances have different origin: structural proteins (fragments of troponins
T and myosin light chains), and metabolic proteins (creatine kinase, pyruvate kinase and alpha-enolase). The decomposition of the
fractions of fast skeletal muscle troponin T in 28.0 kDa, 27 kDa and 26.5 kDa was most pronounced.

Identification of constitutive proteins and detection of the products of post — mortem degradation of protein molecules make them
suitable candidates for meat quality markers and the following study of these specific fragments will lead to better understanding

of the proteolytic activities that take part in the post mortem muscle transformation into meat.

BBepenune

MHorue ¢aKkTOpbI BIAIOT Ha Ka4eCTBO M#ACA, B TOM 4N~
cre, cofiepyKaHue XXMBOTHBIX, MX PaIYiOH IMUTaHMA, YXO,
a TaKXKe Ipoliecc IPOBefieHNs y6osi, pasfenku u o6pabor-
K Tyum. JIo HelaBHEro BpeMeH! Y/ie/A0Ch Malo BHIMA-
HYIS ISYYEHUIO MOJIEKY/LIPHBIX VIV OVIOJIOTMYEeCKIIX aCTIeK-
TOB KadecTBa Msca. Ceif4ac MHOIME HOBbIe BO3MOXXHOCTH
OTKPbIBAIOT METOJ[bl T€HOMMKM, IIPOTEOMMKM U APYTUX
«OMMYECKIX» IOAXONOB. B celbckoM X03siiCTBe IIpOTe-
oMuKa Bce Oorblie probpeTaeT 3HaYeHMe IJIsI HayYHbIX
ucciegoBanyil. OCHOBHBIM MHCTPYMEHTOM IIPOTEOMUKI
ABJIACTCS IBYMepHblit a7ieKTpodopes (219D, 2DE).

2J19® mnpepcraBnser coboit ameKTpodopeTIIecKmit
MeTOfl, KOTOPBIl II03BO/ISAeT IPOBOAUTD IIapajlIe/lbHOEe
paspenenue u aHanus 500-2000 OTAeNbHBIX OETKOBBIX
MOJIEKY/I, 9KCTPAarMpOBaHHBIX 13 CIIOKHBIX OOpPa3IoB.
B 2DE-aHanmn3e pOpMUPYIOTCA «IIATHUCTBIE» CTPYKTYPHI,

I7le KaXXI0e OT/IeNTbHOE TSITHO MPeNCTABsIET COO0N MHIN-
BUJIya/IbHbII 0€/I0K, KOTOPbII MUTPUPYET K CBOUM KOH-
KPEeTHBIM KOOPAMHATaM B COOTBETCTBUM C €TO Y/eTbHOII
MOJIEKY/IIPHOI Maccoil 1 3apsAA0oM. VIHTeHCMBHOCTD IAT-
Ha yKa3bIBaeT, HACKOJIbKO KJIeTKa IIPOU3Be/Ia 9TOT PaKTu-
YecKuit Oesox.

B Teuenme mocmegHux AByXx pmecartmnetuii 2DE-kap-
THI MHOTVIX BUJOB ¥ TKaHell 6bUIM onmy6nmkoBaHsl [1,2],
BKJIIOYas KapThl CBUHEI [3,4], KPyIIHOTO poraToro ckoTa
[5] u xypuus! [6]. HekoTtopsle U3 3TUX KapT ObUIM MC-
HO/Ib30BAHBI JUIS TIOVICKA MOJIEKY/IAPHBIX MapKepoB I
KayeCcTBa MsICa, Ha CETOIHLIHNIT eHb TOJ00HbIe pabOThI
COXPaHW/IU CBOIO aKTYaJIbHOCTD B IINIIIEBOJ OTPAC/IN.

Llenpio paboThI ABSIIOCH OOOCHOBAHIE MTEPCIIEKTUB-
HOCTY TIPUMMEHEHUsI IPOTEOMMKY U 0OCY>XKIeHue ee J1C-
II0/Ib30BAHVSI B MJICHOII HayKe Ha IpuMepe U3ydeHNs aB-
TOMUTUYECKUX TIPeBPAIeHNIT B MBIIII[aX CBUHB.

ANA LUTUPOBAHUA: YepHyxa U.M., Axpemko A.T. IpyMmeHeH1e MHCTPYMEHTOB NPOTEOMUKMU Ha NPpUMepe U3yuyeHUs aBTOAUTUUECKUX U3MEHEHUI MblLLey-
HOW TKaHU CBUHUHbI. Teopusa M NpakTMka nepepaborku msaca. 2018; 3(4): 32-37. DOI 10.21323/2414-438X-2018-3-4-32-37
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Marepuanbl u MeTOAbI

O6bexTOM ¥WCCTenoBaHMA ABIANACh M. longissimus
dorsi CBUHVMHBI, OTOOpaHHasA Ha MACOIepepadaThIBaoIIeM
npepnpusTuu  T. PoctoB-Ha-Jlony. OO6pasipl XpaHWINA
npu temreparype 2+2 °C B yc/l0BUAX IPOMBIIIJIEHHOTO
XOJIOfiV/IbHYUKA B TedeHe 120 4. [Tpo6bl Ha MccenoBanys
6bU1M 0TOOpaHbI Yepes 24, 72 1 120 u.

AHamu3 (pakuMOHHOTO cocTaBa 0ENIKOB VICCTIENYEeMBbIX
00pasI[0B IPOBOAM/IN METOLOM OFHOMEPHOTO 371eKTpodo-
pesa B 12,5 % monmaxpuiaMugHOM Tejie B IPUCY TCTBUM [0-
nericynbgara Harpus B Kamepe « VE-10» (Helicon, CIIIA).
B xavecTBe cTaH#ApTa JyIA 91eKTpodope3a MCIONIb30BaIN
Mmapkep ¢upmbl «Thermo», CIIA, mpencTaBsiommit co-
6011 cMech 11 pekombOuHaHTHBIX 6enkoB (250, 150, 100, 70,
50, 40, 30, 20, 15, 10 n 5 x/la). OxpamnBaHye ITPOBOAVIIN
¢ ucnonb3oBanueM kpacurerns Kymaccn G-250.

B kadecTBe OCHOBHOM IPOTEOMHOV TEXHONIOIUU
IpUMEHSIM JIByMepHbII anekrpodopes (JIP) mo
O’ ®appenny ¢ u303anekTpodokycupopanueM B ampo-
muuHoBoM (IEF-PAGE), perexiuio 6enKoB IIpOBOAMIN
okpammBaHueM Kymaccu R-250. IIns nposemeHns KoM-
IBIOTEPHON JIEHCUTOMETPUM MCIONb30BaNN JIByMEpHbIE
97eKTpodOperpaMmbl, HaXOAUBIINECS BO BIAXKHOM CO-
crosHuu. VIx monHble 11QpoBble M300paXKEeHUA /W
n300pa>keHNsI OTHE/IbHBIX (PparMeHTOB IMOTYyYanIn C KC-
H0/Ib30BaHMeM ckaHepa Bio-5000 plus (Serva, [epmanus).

Vpentudukanmio 6eKOBLIX GpaKIyil OCYLeCTBIAIN
nocrne TpurcnHonusa Mmerogamu MALDI-TOF MS n MS/
MS wmacc-ciektpomerpun Ha MALDI-BpemsAmnponer-
HoM Macc-ciektpometpe Ultraflex («Bruker», lepmanmst)
¢ Y®-nasepom (336 HM) B pexxyMe HOJOKUTENbHBIX 1O-
HOB B jimanazoHe mMacc 500-8000 [la ¢ kannbpoBKoil UxX
II0 M3BECTHBIM IIMKAaM aBTO/IM3a TPUIICMHA. AHA/INU3 IO-
JTy4eHHBIX MacC-CIEKTPOB TPUNTUYECKUX HENTUOB BbI-
HO/THSA/IY C TIOMOIIBIO IIporpaMMbl Mascot, omus Peptide
Fingerprint («Matrix Science», CIIIA), ¢ TO4HOCTBIO OIIpe-
menenns maccel MH+ pasnoit 0,01 %, ocyiiecTBasAA IOUCK
1o 6azaM JjaHHbIX HalmoHa/IbHOTO IIeHTpa 6MOTEeXHOIO-
rudeckoit napopmanumu CIIA (NCBI) [7].

PesynpraTsl n 06CyKeHne

Hauasto mpoteoMuku 6bU10 3a/10)KeHO 6/1arofiapsi OffHO-
MepHoMY (1D) anexTpodopesy, npeptoxeHHslit B 1970 roxy
Yunspuxom JIammnu [8]. B HacTOsIIee BpeMst JTaHHBIN Me-
TOJ, VICIIONIb3yeTCsA I OLEHKU MOJIEKY/LIPHO-MacCOBOTO
pacrnipenenenns 6enKoB B u3ydaeMoM obpasiie. Ha Hauanb-
HOM 9Talle MCCIeOBaHWil ITOTyYeHHbIe Pe3y/IbTaThbl IIOMO-
raoT IPOTHO3VMPOBATh KOMMYECTBEHHOE 1 KaueCTBEHHOE
pacrpefenieHrie CTPYKTYPHBIX M TKaHeCTIelMpUIHbIX Oerl-
KOBBIX MOJIEKY/I VIV OLEHUTDb BJIVIAHNE PasIM4YHbIX IIPO-
1[eCCOB, HanpyuMep aBronuTniecknx (Puc. 1).

Ha 1D anekrpodoperpaMmme >KeITHIM LIBETOM OTMe-
YeHbl 30HbI, B KOTOPHIX [0 M3MEHEHWI0 MHTEHCUBHOCTH
OKpPacKM O€TKOBBIX IT0/I0C MO>KHO ITPOTHO3MPOBATh UX KO-
mdectBo. OTHAKO Cepbe3HBIM HefocTaTKoM 1D-amexTpo-
¢dopesa ABIAETCA TO, YTO AHAJIN3 OTPAHNINMBAETCS TOTIBKO
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Puc. 1. Snekrpodoperpamma 6eNKOB MBIIIEYHOI TKaHU Sus scrofa,
IpeTepIeBarolteil aBTo/mMTIIecKe nsMeHeHns. OkpammyBanne Ky-
maccu G-250. YcmoBHble 0603HayeHns: CT — Mapkepbl MOJIEKY/LAPHOI
Maccbl; 1-1 cyTku aBTo/mm3a; 2—-3 CyTKM aBTO/NM3a; 3—5 CYTKM aBTONIM3A

NpUOIM3UTENbHBIM OIIpefie/IeHNeM MOJIEKY/IAPHOI MacChl,
TaKXKe B OJfHOJI O€IKOBOJ IT0TI0Ce MOXKET COfePKAThCS He-
CKOJIBKO MOJIEKYJI Oe/IKa C OffHOJ MOJIEKY/LIPHON MacCOIL.

[ToBeICcUTD 9P PEKTUBHOCTD U pa3peLIaloNIyIo CII0co6-
HOCTB yaanoch [Tarpuky O’@appernny. B 1975 rogy um 6b11
npemnoxxer Meton 2DE [9], mpu ocyiectBiennu koTopo-
ro Ge/KM pasfe/siioT IO ABYM PasInIHbIM GpU3NKO-XUMMU-
yeckyM napamerpam [10,11].

ITockonbky 6omee 20 % MBIIIEYHON Macchl (MIM Msca)
COCTONT 13 O€/IKOB, O4eBIIHO Ha/IM4ue B3aIMOCBS3Y MEX-
1y MBIIIEYHBIMM O€/IKaMI U KaueCTBOM MsACa. BbIIo BbIAB-
JIEHO, YTO IIPY ABTOMUTUYECKMX IPEBPAIIEHVSIX MBIIIIIbI
CBUHMHBI ITpeTepIeBaoT M3MeHeHNs Takue 6enkn (Puc. 2)
Kak mipyBaTkuHasa (1), anbpda-eHonasa (2), KpeaTMHKIHA-
3a (3), rpononunsl T (4,5,6), nerkue 1enu MuosuHa (7,8).

1-e cyTku 3-1 CyTKM 5-€ CyTKM

Puc. 2. ®parments 2][-31eKTpoGOperpamMm C BBISIBIEHHBIMU HPH-
3HaKaMJ aBTOMUTUYECKUX U3MEHEeHMIT B 00pasLiax CBYHMHBI
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Ta6muua 1. Pesynbrarsl Macc-ciekrpomeTpudeckoii ugentudukanyn (MALDI-TOF MS u MS / MS) 6enkoBbIx (ppaKipmii, NpOSBIAIOLIIX
n3meHenns Ha 2]IE 6enkoB M. longissimus dorsi Sus scrofa B mporjecce aBTonnsa (HoMepa 6€e1k0B COOTBETCTBYIOT Piic. 2).

Ne HanmenoBaHie 0enka; HEKOTOpbIe CHHOHIMBI, (CHMBOJI F€Ha) 5 P::::;;li\? CBI Mwm/pI* (akem.) ** Mwm/pl (pacuer.) **
1  pyruvate kinase PKM isoform X6 (PKM2) 545841009 58,0/6,80 58,0/7,62

2 alpha-enolase (ATP5A1) 927145216 52,0/5,80 47,0/6,44

3 creatine kinase M-type (CKM) 194018722 41,0/6,60 43,0/6,61

4  troponin T fast skeletal muscle type (TNNT3) 46389777 28,0/7,90 29,8/7,72

5  troponin T, fast skeletal muscle (TNTF) 55741811 27,0/8,00 32,2/6,05

6  troponin T fast skeletal muscle type (TNNT3) 46389785 26,5/7,95 30,7/8,69

7  MLCI1f(MYL1) 117660874 20,0/4,80 21,0/4,90

8 myosin regulatory light chain 2, skeletal muscle isoform (HUMMLC2B) 54607195 15,0/4,65 19,0/4,90

* MM — MoeKynApHaA Macca, pl — n3osnekTpmyeckas Touka

** Mm/pl (3KCI.) — moMyYeHHbIe OLIEHKM IO pe3yabTaTaM 31eKTpodopeTiyecKoil mogsynKHocTH Ha 19, a Mm/pl (pacyer.) —pacuyeTHbIe
OLICHKMN, COCTAHHbIC U3 JaHHbIX 06 AMUHOKUCIOTHOM MOCIETOBATEIPHOCTHU € YUYE€TOM YRAICHNUA CUTHA/IPHOI'O NENTNAA, HO 663 yYueTa aApyrux
MOCTCUHTETNYeCKUX MopuuKanmii ¢ momompio nporpammsl ExPASy Compute pI/Mw tool

VpenTuduuyupoBaHHble ¢ MOMOLIBID Macc-CIIEKTPO-
MeTpuu 6enku mpuBesieHbl B Ta61. 1. BeisiBeHHbBIe IIATHA
UIMEIOT pasJINYHOe IIPOUCXOXK/IeHNe: CTPYKTYpHBIe Ok,
a IMEHHO TPOIIOHUHBI T U jIerkue Lieny MIO3JHa, a TaKXe
MeTabomuueckue OenKu, Takme Kak KpeaTMHKMHA3a, M-
pyBaTKmHasa u anbda-eHonasa. Tpu naTHa ObUIM MEHTH-
¢dunyposanbl Kak ¢pparmentsl TporonnHa T B 28,0 k/la,
27 xlla n 26,5 x/la 1 KaK IIOKa3aHO Ha PUCYHKE 2, YMEHb-
LIA/IVICh TI0 MHTEHCUBHOCTY, TOIa KaK ITOJTHOPa3MepHbIil
tponionyH T (43 x/la) He o6Hapy>xuBacs. [loBcemecTHas
merpajjaljusl TPOIIOHMHA T XOPOLIO U3BECTHA, U CUUTAET-
€1, 4TO OHA CBsI3aHa C HEXKHOCTBIO Msaca [12].

V3meHeHe MHTEHCUBHOCTY IIATEH JIETKUX LIeTeil Mu-
osuna (MJILI), mpeAnonoXnTeNnbHO BIMsIET Ha I[BET Msca
U €T0 HeXXHOCTb, TaK Kak MJILl perynmpyoT akTMBaLNIO
MuoduIaMeHTa HoCcpefcTBOM GpochoprInpoBaHms ¢ 1Io-
MOIIbIO CBSI3BIBAHIS MOHOB Ka/IbI[MSL.

K TpeTbym cyTKaM yBenm4uBaeTcss MHTEHCUBHOCTD IIAT-
Ha, COOTBETCTBYIOLIETO KpeaTMHKIHA3€, a K IATHIM CYyTKaM
CHOBA yMEHBIITAETCs. TO CBA3AHO C TPAHCAYKIVIEN SHePTN
B TKAHSIX C OOJIBIIMIMM, KOJIEOTIOIIMMILCS SHEPreTUIeCKUMMU
MOTPeOHOCTAMMY, TAKMMM KaK CKeJIeTHASI MBIIIIIA.

Taxoke OTMeYeHO HapacTaHe OOIBIIOrO ANIOCTEPUYe-
cKoro pparMeHTa NMUPyBAaTKMHA3BI, KOTOPBII perynupyeT
IJINKONIN3 TIOCPEACTBOM CBA3BIBAaHMSA CybOcTpara, ¢oc-
¢doeHONMIMpYBaTa ¥ OJHON WIM HECKOIbKUX aKTUBHBIX
MOJIeKy/l. YBelun4eHye KOHLEHTpAlyy NUpPYBaTKMHA3bI
TOBOPUT 00 M3MEHEHIY eT0 aKTMBHOCTI B Pe3y/IbTaTe He-
KOBQJICHTHOTO IPMCOEAVMHEHNA K €€ a/lIoCTepuIecKOMy
LeHTpy crennudeckoro Merabonmura (aMUHOKUCIOTHI,
HYK/IEOTUTR U JIp.).

3HaunTeNbHOE yBeMINYeHNMe MHTEHCUBHOCTHM anbga-
€HO/a3bl, KAaK y4YaCTHUMKA OMOCHMHTe3a aMUHOKICIIOT,

Introduction

Many factors affect meat quality including keeping ani-
mals, their diet, handling and the processes of slaughter,
carcass cutting and processing. Until recently, little atten-
tion was paid to the molecular or biological aspects of meat
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BIIOC/IEICTBUI MOXKET CIIPOBOLIVPOBATb YBeIMYeHMEe UX
KO/IMYeCTBA B MBIIIEYHOII TKaHM B IIPOLecCce aBTONMNUTIYe-
CKVIX I3MEHEHMUIA.

Takum 06pasoM, 9TO MCCIefOBaHME fAeT JTydllee II0-
HYMaHJe VI3MEHEHMs IIPOTeoMa BO BpeMsA ITIOCMEPTHBIX
IpeBpalljeHNIT B MBIIIIAX CBUHbM. [IpeTepreBany Monu-
¢duKanuio cTpyKTypHble 6eKu U GepMeHTbI, CBA3aHHBIE
C IIMKOMUTUYECKUM IyTeM U SHEPTeTUUECKUM 0OMEHOM.
JlanbHelime MCCIe[OBaHNs MOCTTPAHC/IAIMOHHBIX MO-
AuMKaLUil POACTBEHHBIX OEITKOB 1 MI3MEHEHMs YPOBHA
MeTabOo/MNTOB ellle IIPeICTONUT U3YIUTD.

BriBoabr

[IByMepHbIiT anmekTpodopes ABseTcs 3P PeKTUBHBIM
MeTofoM upeHTuuKanuy 6e1koB Msca. [IporeoMHbIMU
MeTO[jaMy U3y4eHO 8 OeKOBBIX MOJIEKYII, KOTOPbIe ObIIN
HOZIBEPXKEHDbI M3MEHEHNUsIM B pesy/lbTaTe ITOCMEepPTHBIX
aBTONMMTUYECKNUX IpeBpaieHuit. [lokasaHo, YTO OCHOB-
HBIM IPU3HAKOM aBTOMUTUYECKNX IIPOL[ECCOB SIB/ISETCS
nosiBjieHNe GparMeHToB TPOIOHNHA T OBICTPBIX CKeTIeT-
HBIX MBIIIILI, BCIEACTBIE MOC/IELOBATEIbHOTO YMEHbIIIe-
Hust pparmenToB menTnaoB C- 1 N- KOHI[EBON 4acTu
MOJIEKY/IBL.

BeisiBieHo, uTO MeTabonmmueckye GpepMeHTHI Jierpajin-
PYIOT B Ipoljecce aBTo/m3a. Pop 3Tux pepMeHTOB B IO-
CMepTHOM MeTabo/M3Me Msca ellle He O KOHIJA M3y4eHa,
¥ pe3y/IbTaThl IPOBEJ€HHOTO MCCTIe0BAHVsI MOTYT IIOMOYb
COCPEIOTOUNTHCS Ha JAaHHBIX ACIIeKTaX IOCMEPTHBIX M3Me-
HEHMIA, U1 OIIPEJIe/INTh B3aVIMOCBA3b € KA4eCTBOM MsICa.

braromapHocTu

VccnenoBanue BbIIOTHEHO 3a cyeT rpaHTa Poccuiicko-
ro HayyHoro ¢onpa (mpoexT Ne 16-16-10073).

quality. Nowadays, the methods of genomics, proteomics
and other «omic» approaches open multiple new possi-
bilities. In agriculture, proteomics is becoming more and
more important for scientific research. The main tool of
proteomics is two-dimensional electrophoresis (2DE).
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2DE is an electrophoretic method, which allows per-
forming parallel separation and analysis of 500-2000 indi-
vidual protein molecules, extracted from complex samples.
In 2DE analysis the «spotty’ structures are formed, where
each individual spot represents an individual protein,
which migrates to its own specific coordinates according
to its specific molecular weight and charge. The spot inten-
sity shows how much of this actual protein was produced
by a cell.

During last two decades, 2DE maps of many species
and tissues were published [1,2], including maps of pigs
[3,4], cattle [5] and chicken [6]. Several of these maps were
used for a search of molecular markers for meat quality;
today, these works remain topical in the food industry.

The aim of this work was substantiation of prospectivity
of the proteomics use and discussion of its application in
the meat industry by the example of the study of the auto-
lytic transformations in the pork muscles.

Materials and methods

The object of the research was pork M. longissimus
dorsi, obtained from the meat processing plant in the city
of Rostov-on-Don. The samples were stored at a tempera-
ture of 2 +2 °C in the conditions of a commercial refrigera-
tor for 120 hours. The samples for analysis were taken after
24,72 and 120 hours.

Analysis of the protein fractional composition of the
samples under investigation was carried out by one-di-
mensional electrophoresis in 12.5% polyacrylamide gel
in the presence of sodium dodecyl sulfate in a chamber
«VE-10» (Helicon, USA). As a standard for electrophore-
sis, we used the marker of the «Thermo» company (USA),
which is a mixture of 11 recombinant proteins (250, 150,
100, 70, 50, 40, 30, 20, 15, 10 and 5 kDa). Staining was car-
ried out using Coomassie G-250.

As the main proteomic technology, two-dimensional
electrophoresis (2DE) by O’Farrell with isoelectric fo-
cusing in the ampholine gradient (IEF-PAGE) was used;
protein detection was carried out by staining with Coo-
massie R-250. To perform the computer densitometry,
two-dimensional electropherograms being in a wet state
were used. Their complete digital images and/or images of
individual fragments were obtained using a Bio-5000 Plus
scanner (Serva, Germany).

Identification of the protein fractions was carried out
after trypsinolysis by mass spectrometry MALDI-TOF MS
and MS/MS using Ultraflex MALDI TOF mass spectrom-
eter (Bruker, Germany) with the UV laser (336 nm) in the
mode of positive ions in the mass range of 500-8000 Da
with their calibration by the known peaks of trypsin au-
tolysis. Analysis of the obtained mass spectra of the tryptic
peptides was performed using the Mascot program, Pep-
tide Fingerprint option (Matrix Science, USA), with the
accuracy of MH+ mass detection equal to 0.01%, searching
in the databases of the National Center for Biotechnology
Information (NCBI, USA) [7].
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Results and discussion

Proteomics traces back to one-dimensional (1D) elec-
trophoresis proposed by Ulrich K. Laemmli in 1970 [8]. At
present, this method is used to assess the protein molecu-
lar weight distribution in the studied sample. At the early
stage of investigations, the obtained results help predict
quantitative and qualitative distribution of structural and
tissue specific protein molecules and assess an impact of
different processes, for example, autolysis (Figure 1).

Mm,kDa Cr 1 2

250 — pemmae—
150 ~
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70

50
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Figure 1. Electropherograms of proteins of Sus scrofa muscle tissue
undergoing autolytic changes. Staining with Coomassie G-250. Ct —
markers of molecular weight; 1-1 day of autolysis; 2-3 days of autoly-
sis; 3-5 days of autolysis

On the 1D electropherograms, the zones, in which a
change in the color intensity of the protein bands can be
used to predict their quantity, are marked with the yellow
color. However, a serious disadvantage of 1D electropho-
resis is the fact that analysis is limited only to the approxi-
mate detection of the molecular weight and one protein
band can contain several protein molecules with the same
molecular weight.

Patrick O’Farrell managed to increase the effectiveness
and resolving power. In 1975, he proposed the 2DE method
[9], in which proteins are separated by two different physi-
co-chemical parameters [10,11].

As more than 20 % of muscle mass (or meat) is com-
posed of proteins, the presence of interrelation between
muscle proteins and meat quality is evident. It was found
that proteins (Figure 2) such as pyruvate kinase (1), alpha-
enolase (2), creatine kinase (3), troponins T (4,5,6) and
myosin light chains (7,8) undergo changes upon the auto-
lytic transformations of pork muscles.

Proteins identified by mass spectrometry are pre-
sented in table 1. The revealed spots have different ori-
gin: structural proteins, namely, troponins T and myosin
light chains, as well as metabolic proteins such as cre-
atine kinase, pyruvate kinase and alpha-enolase. Three
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1 day 3 days 5 days

Figure 2. 2DE fragments with revealed signs of the autolytic changes
in the studied pork samples

spots were identified as the fragments of troponin T in
28.0 kDa, 27 kDa and 26.5 kDa, and, as shown in Fig. 2,
they decreased in intensity, while full-size troponin T
(43 kDa) was not found. Extensive degradation of tropo-
nin T is well-known and it is believed that it is linked with
meat tenderness [12].

A change in the spot intensity of myosin light chains
(MLCs) presumably affects the meat color and its tender-
ness as MLCs regulate activation of the myofilament by
phosphorylation by calcium ion binding.

The intensity of the spot that corresponded to creatine
kinase increased by the 3rd day, and decreased again by
the 5th day. This is associated with energy transduction
in tissues with high variable energy requirements such as
skeletal muscle.

In addition, an increase in the large allosteric frag-
ment of pyruvate kinase, which regulates glycolysis by
linking the substrate, phosphoenolpyruvate, and one or

several active molecules was observed. An increase in the
concentration of pyruvate kinase suggests a change in its
activity as a result of non-covalent attachment of a spe-
cific metabolite (amino acid, nucleotide and others) to its
allosteric center.

A significant increase in the intensity of alpha-enolase
as a participant of biosynthesis of amino acids can after-
wards provoke an increase in their quantity in the muscle
tissue in the process of autolytic changes.

Therefore, this study provides a better understanding
of proteome changes during postmortem transformations
in porcine muscles. The structural proteins and enzymes
linked with the glycolytic pathway and energy metabolism
were modified. The further research of post-translational
modifications of related proteins and changes in the level
of metabolites is needed.

Conclusions

Two-dimensional electrophoresis is an effective meth-
od for meat protein identification. Eight protein substanc-
es that undergo changes during most mortem autolytic
transformations were studied by the proteomic methods.
It was shown that the main sign of the autolytic processes
was an appearance of the fragments of fast skeletal muscle
troponin T due to a continuous decrease in the fragments
of peptides of C- and N- terminal parts of molecules.

It was found that metabolic enzymes degrade during
autolysis. The role of these enzymes in the meat post-mor-
tem metabolism has not been completely elucidated, and
the results of the performed study can help focus on these
aspects of post-mortem changes and reveal their relation-
ship with meat quality.
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Table 1. Results of the mass-spectrometric identification (MALDI-TOF MS and MS / MS) of protein fractions showing changes in 2DE
of proteins from M. longissimus dorsi of Sus scrofa during autolysis (numbers of proteins correspond to Figure 2)

No. Proteins; several synonyms, (gene symbol) in Plj:tl:ilx)leg CBI Mm/pI (exp.)**  Mm/pI (calc.)**
1  pyruvate kinase PKM isoform X6 (PKM2) 545841009 58.0/6.80 58.0/7.62
2 alpha-enolase (ATP5A1) 927145216 52.0/5.80 47.0/6.44
3 creatine kinase M-type (CKM) 194018722 41.0/6.60 43.0/6.61
4  troponin T fast skeletal muscle type (TNNT3) 46389777 28.0/7.90 29.8/7.72
5 troponin T. fast skeletal muscle (TNTF) 55741811 27.0/8.00 32.2/6.05
6  troponin T fast skeletal muscle type (TNNT3) 46389785 26.5/7.95 30.7/8.69
7  MLCI1f(MYL1) 117660874 20.0/4.80 21.0/4.90
8  myosin regulatory light chain 2. skeletal muscle isoform (HUMMLC2B) 54607195 15.0/4.65 19.0/4.90

*MmM — molecular weight, pI — isoelectric point

** Mm/pl (exp.) — scores obtained by the results of the electrophoretic mobility on DE, Mm/pI (calc.) — estimates made on the basis of
the data on the amino acid sequence with consideration for signal peptide removal, but without regard for other post-synthetic modifications

using the program ExPASy Compute pI/Mw tool
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NCCJIIEJOBAHUE APOMATNYECKOTI'O ITPO®UJIA
N IIBETOBBIX XAPAKTEPUCTUK MACA T'OBAOVNHDI

ITPU TEPMUYECKOM OBPABOTKE

JIoBkuc 3.B., Ilounnxkasa VI.M.,* Komaposa H.B.
Hayuno-npaxTuyeckuii nenTp HanuonanbHOI akaleMnun HayK benapycu 1o npopoBoibCTBUIO,
MuHck, Peciy6nuka Benapycs

Kniouesvie cnosa: mepmuueckas o6pabomia, 00xapka, MenaHououHooOpaszosarue, usemosoe pasnuque

AHnnomauyus

B cmamve npedcmasnenvt pesynvmamot Uccned08aHuti USMeHEHUST APOMAMUUECK020 NPOPUIIS U 4BEMOBbIX XAPAKMEPUCTNUK
MSACA 20850UHBL NPU PASTUMHBIX PEHUMAX mepMmuteckoli 0opabomxu. Yemanoeneno 6onee 120 nemyuux seujecms. B o6pas-
Uax no0BepHymviX KPamkocpouHoll U He3HA4UmMevHOL Mensioeoti 06pabomie 00HAPYHeHbI 8 3HAUUMENHVIX KOIUYECHBAX
2-memun-6ymen, smuneexcanoam. B o6pasuyax nodseperymoix OnumenvHoil o6xapke npu Hebomvuiol memnepamype, a max-
JHe 8 0bpasyax, nodseperymuoix 6osee BbiICOKOMeMNePAMypHoti 06pabomxke, HO MeHblUee 8pemst Obinu 0OHAPYIceHblL 3,5-0ume-
mun-4-okmanoH. AHAnU3 USMeHeHUS 16emoBblX XApaKmepucmuk noKasas, 4mo ¢ ysesuieHuem memnepamypol HazpesaHus
Habmo0aemcs cyuwjecmsenHoe nomemterue o6pasyos. Maxcumanvras memnepamypa naepesanus 210 °C okaszana naubonee
cywecmeenHoe 8nusHue Ha usmenenue yeema. Ilocne nazpesanust 6onee 30 munym npoucxoousno obyznusarue oo6pasuos. ITo-
JIyHeHHble Pe3yIbMambl C6UOeenbCeyom 0 oM, Yo KOHMPONUPYs: memnepamypy u OnumenvHoOCHy npoyecca Hazpesa-
HUST, MOJICHO NOTLYHAMD JHeNIAeMDbLTl YBeM 20108020 NPOOyKma.

Original scientific paper

THE STUDY OF ODOR PROFILE AND COLOR
CHARACTERISTICS IN BEEF DURING HEAT TREATMENT

Zenon V. Lovkis, Irina M. Pochitskaya,* Natallia V. Komarova
The Scientific-Practical Center for Foodstuffs of the National Academy of Sciences of Belarus, Minsk, Belarus

Key words: heat treatment, roasting, melanoidin forming, color difference

Abstract

The article presents the study results of changes in the odor profile and color characteristics in beef under various heat treatment
conditions. More than 120 volatile substances are identified. In samples subjected to short-term and minor heat treatment, 2-meth-
yl-butene and ethyl hexanoate were found in significant amounts. In samples subjected to prolonged roasting at low temperature,
as well as in samples subjected to processing at higher temperature for less time period, was found 3,5-dimethyl-4-octanone. Analy-
sis of changes in color characteristics showed that increase in heating temperature results in significant darkening of the samples.
The maximum heating temperature of 210 °C had the most significant effect on the color change. After heating for more than 30
minutes, carbonization of the samples occurred. The results indicate that controlling the temperature and duration of heat treat-

ment helps to obtain the finished product of desired color.

BBenenue

B pomecce TeXHONIOrM4IeCKO¥ TEIZI0BOM 06paboTKM 1u-
IIeBBIX IPOJIYKTOB YacTO HAOMIONAETCS I3MEHEHNe VX Op-
TaHOJIENITMYECKMX XapaKTepUCTHK (OKpacKy, BKyca 1 apo-
MaTa) BC/IEACTBME OOpasOBaHMs OKpAIIEHHBIX BeEIeCTB
B pesy/bTaTe peakLuy MeTaHOMAMHOOOpa3oBaHusA, B3an-
MOJIEVICTBUS PERYLUPYIOLINX CaXapoB U CBOOOJHDBIX aMu-
HOKWC/IOT, peakumy HeepMeHTaTMBHOTO IOTeMHEHN,
BIIEpPBbIe OIVICAHHON (QPaHIY3CKMM Y4eHbIM MarisipoM
B 1912 1. [laHHaA peakiysa MOXKET IPOXOAUTD B MPOAYKTaX
JKMBOTHOT'O ¥ PACTUTENBHOIO IIPOMCXOXK/IEHNA, TIOCKONBbKY
BCe OHU COfIepyKaT OIpefie/IeHHOe KOMMYeCTBO PeNyLUpPYyIo-
IIMX CaXapoB ¥ CBOOOIHBIX aMUHOKUCTIOT [1,2,3,4].

[Tpomecc  MemaHOMAMHOOOPA30BaHMS  OKa3bIBAeT
OIIpefie/ieHHOEe BIIMSHNE Ha IOTPeONTeNIbCKIe CBOVICTBA
U Ka4eCTBO NMIIEBbIX IPOAYKTOB, T. K. HAPAAY C y/Iydllle-
HJEM OpPraHOJNENTNYEeCKUX IoKasareseil 1 0Opa3oBaHU-
eM BelecTB, 00/aJalolNX aHTHMOKCUAHTHBIMU CBOMCT-
BaMM, IIPY 3TOM HAOMIONAETCs HAKOIUIEHME TOKCMYHBIX
BEIL|eCTB, CHIDKEHMe IMINeBOJ I[eHHOCTU BCIe[CTBUE
pacxofoBaHusA aMUHOKUCTIOT [5,6]. B cBsA3U ¢ aTvM uccre-
JIOBaHMe JAaHHOTO XVMUYECKOTO IIPeBpalleHNs SABIAeTCs
BaKHBIM aCIIEKTOM CO3[IaHMsI MHHOBAIMOHHBIX ITUIEBBIX
IPOAYKTOB.

ITponecc moxopyuyHeBeHMs (OpayHMHT) BO MHOTUX
IPOAYKTaX y/IydllaeT OPraHONENTUYeCKue IT0Ka3aTes,

ANA LUTUPOBAHUA: Noskuc 3.B., Mounukaa U.M., Komaposa H.B. UccnepoBaHMe apomaTMuecKoro npoduAa U BETOBbIX XapaKTepUCTUK MsiCa rOBAAU-
Hbl NpU TepMUUecKoil 06paboTtke. Teopusa u npakTuka nepepaborkm msaca. 2018; 3(4): 38-48. DOI 10.21323/2414-438X-2018-

3-4-38-48
FOR CITATION:

Lovkis Z.V., Pochitskaya I.M., Komarova N.V. The study of odor profile and color characteristics in beef during heat treatment.

Theory and practice of meat processing. 2018;3(4): 38-48. (In Russ.). DOI 10.21323/2414-438X-2018-3-4-38-48
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MOCKO/IbKY IIPU 9TOM IPOAYKTHI IPUOOPETAIOT IpUBIIe-
KaTe/IbHBII 30/I0TUCTBIIT VIV KOPUYHEBDII 11BeT (x1e6Has
KOpOuKa, KoQeliHble 3epHa), YTO IOBBIIIAET Ha HUX IIO-
Tpeburenbckuit cupoc [6,7,8,9].

JsmepeHne OpayHMHIa MO>KHO IPOBOAUTH BU3Yallb-
HBIMJ HaOMIOAEeHVSIMU WM IPY ITOMOIIY CIeKTPogOoTO-
MeTpa. CIeKTpoMeTpuiecKoe oIlpefielieHne 1LBETHOCTU
npy jgnuHe BONMHbI 420-460 HM ITO3BONAET IIONYyYaTb
BIIOJIHE YJOBJIETBOPUTE/IbHBIE PE3YNbTAThl NIPU M3Mepe-
HIUM MI3MEHEHMA LBETHOCTU 3KCTPAKTOB NN UM MO-
TeNbHBIX CUCTeM. BU3yanbHOJ OLIEHKM IIBETa 3a4acTyIo
ObIBaeT HEJOCTATOYHO, IIOCKOJIbKY OHa BeCbMa CyObek-
TYBHA 1 3aBUCKT OT PU3NOIOTMYECKOTO COCTOSHNA YeTlo-
BeKa. B 9TOiT CBA3M aKTya/bHBIM ABJAETCA UCCIENOBAHNE
M3MEHeHNs 1]BeTa NPOAYKTOB MUTAHMA IOJ, BAMAHNUEM
Ppas3IMYHOrO TeMIIEpAaTypPHOTO M BPEMEHHOTO BO3JENCT-
BMA C JCIOJIb30BAHMEM COBPEMEHHBIX KOMIIbIOTE€PHBIX
TE€XHOJIOTHIL.

[Tenb paboThl — MCCIETOBaHNE APOMATUYECKOTO IIPO-
¢uiA M LBETOBBIX XapaKTEPUCTUK MsCA TOBSAUHBL K
TepMIIECKOi 06paboTKe.

Marepuanbl U METOAbI

[na uccnemoBaHMsA BIMAHUA TepMOOOpPabOTKM Ha
apomaro6pasylolye KOMIIOHEHTHI 11 1IBETOBbIE XapaKTe-
PUCTUKM UCIIO/Ib30BAHO MACO FOBAIVHBI OT [JIMHHeNIIei
mpininsl cnvHbl (L. dorsi), mpegBapuTebHO M3MebYeH-
Hoe Ha Mscopy6Oke. O6XapKy IPOBOAMIN B CYIINTBHOM
mkagy mapku Binder FD-53 ¢ mpuHyauTebHOI KOHBEK-
LMeil C aBTOMATUYECKON perucTpanyuen TeMIepaTypsl
BHYTpU ImKada, ¢ TouHocTbio 2°C. ®apm dopmoBamm
B BUJIe M3Je/Nit KPYIIoil GopMbl iuaMeTpoM 50 MM, BbI-
COTOIi 5 MM, Macca KaXXJIOTro M3JeNNA COCTAB/IANA OKOJIO
5. [l cob/rofieHnsl BpeMeHHOTO PeXMMa MCIIOIb30Bal-
ca cexyapgomep C-01. VIsmepeHns mpoBoawIn mpyu TeM-
neparypax 120, 150, 180 u 210 °C c uHTepBaIOM BpeMeH!U
10 MMHYT Ha IpOTSKeHUU 2 4. [1714 MccnefoBaHnsA LIBETO-
BBIX XapaKTEePUCTUK 00pasIioB MPOBOANIN (POTOCHEMKY
B OJIHUX YCNIOBUSX JyIA BCeX OOpasI[OB: NPM MCTOYHMKE
ocBeleHnss D65 (CTaHZAapTHBI JHEBHOI CBET), C YIIOM
HaO/mofieHNs He Oortee 2°, KaKIoe M3MepeHe IIPOBOAY-
7m OfHOKpaTHO; Poroanmapar Canon EOS 750D; o6bek-
tuB Canon EF-S 17-55mm £/2.8 IS USM; pexxum cbeMKu:
ISO 400, 5.6, Berseprkka 1/60. Dororpadum aHanusupye-
MBIX 00pas1oB 06pabarpiBay B rpaduaeckoM pefakTope
Adobe Photoshop CS6.

[IBeToBOE pasmuune (anr1. Color difference), popmy-
Jla IBETOBOTO pa3/nyus, LIBeTOPa3HOCTb, UM IJBETOBOE
paccrosgHMe (pacCTOAHME MEXZAY I[BeTaMy) — Mare-
MaTU4ecKoe IIpefiCTaBeHMe, MO3BOJIAKIIEe YMCIEHHO
BBIPA3UTDb pasjnuye MeXIY [JByMs LIBeTaMI B KOJIOPM-
MeTpun. s ompepeneHNsi pasnnyuii JByX o6pasioB
10 KOOpAMHATaM I|BeTa CYLIeCTBYIOT HECKOIbKO (op-
My Pe3ynbraThl, HONydYeHHBIe IO 9TUM (GOpPMYIaM,
B HEKOTOPBIX C/Iy4YasX He COIVIACYIOTCA C pe3yabTaTaMu
BJ3ya/lIbHO OLeHKN. MeXIyHapOofHOM KOMMCCHEN II0
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ocgeternio (MKO) mns 0611iero momp30BaHms peKOMeH-
IoBaHbI Crepyomue pacyeTHole popmynsr: CIE76, B cu-
cTeMe KoopamHAT 1Beta L*, a*, b*, CIE94, B 1iBeToBOM
npocrparctee LCH (L*C*h) n CIEDE2000, BK/mIO4Yato-
mas IOBOPOT LIBETOBOTO yIJIa TOHA, KOMIIEHCALIMIO /A
HeJITPa/lbHBIX IIBETOB, CBET/IOTHI, HACHII[EHHOCTY LiBETa
u ToHa [10,11,12].

B paborte, ¢ Lienblo KOMMYeCTBEHHON 1 Hanbosee ToY-
HOJl OLIEHKV I[BETOBOTO Pas/IM4Ms WINM IIBETOBOTO pac-
CTOSTHVSI TepMMUYECK 00paboTaHHBIX 00pa3I[oB MsIca, MC-
H0/Ib30BaH OHMalH-KanbKynaTrop «CIE2000 Calculator»,
MO3BOIAIOIMI PACCUNTATh LBETOPASHUIY B Pa3/INIHBIX
IIBETOBBIX KOOpAMHarax 1o cranpapram CIEDE2000 [13].

[l momydYeHMs LIBETOBBIX XapaKTEPUCTUK VICIBITY-
eMBIX 00pasIoB MCHONb3yeTcss MX (oTousobpaxkeHue
¢ mocyenymoeir 06paboTKol B rpadmueckoM pefakTope
Adobe Photoshop, B KOTOpoM BO3MO>XHO HONTY4NTH IIBe-
TOBBIE XapaKTePUCTUKMN. [/ OLeHKY M3MeHeHVsI OKPacKI
UCIIOb3yeTCs XapaKTepuctnka A E — nBeToBoe pasimn-
Y1ie — KOTOpas oIpefieNAeTcs KaK PasHMIla MeX/Ty IByMs
IIBETaMI B OJJHOM VI3 PAaBHOKOHTPACTHBIX I[BETOBBIX IIPO-
crpaHcTBax. C IIOMOIIBIO MHCTPYMEHTA «IIMIeTKa» (MH-
CTPYMEHTa [l Ollpefie/ieHus 1BeTa) nmporpammsl Adobe
Photoshop cumTeiBanmy mIecTHafIjaTepM4HOE 3HAYEHNE
11BeTa 1 KoopAuHaThI iBeTa B cucteMe RGB. RGB — mn-
POKO MCTIONb3yeMas affUTHBHASA IIBeTOBas Mozenb. LIBe-
ToBas Mofiennb RGB MoXkeT 1cIonb30BaTh pa3Hble OTTEH-
K/l OCHOBHBIX IIBETOB, Pa3HyI0 LIBETOBYIO TeMIIepaTypy
(3amaHme «0eoit TOYKM»), M PAa3HbII IIOKa3aTe/lb raMMa-
KOPPEKILINN.

PesyanaTm n 06CY)KI[CHI/IC

Pesynbrathl mccieoBaHNA N3MeHEHM IIBeTa UCCIe-
ZlyeMBIX 06pa31l0B B 3aBYCUMOCTY OT Pa3/IMYHbIX TEMIIe-
paTypHO-BpeMeHHBIX peXXMMax IIpeficTaBIeHbl Ha Puc. 1.
[Tepexos OT KpacHOTO IjBeTa KOHTPOJIBHOrO obOpasia
K CBET/IO CEpOMY depe3 OesxeBbIil 00BACHIETCS AeHATY-
panueit Myuorno6uHa. [JanpHeimnit HarpeB o6pasIjoOB
OpUBOAWI K uX 6payHuHry. O6pasoBaHue MelTaHOUJIMN-
HOBBIX INTMEHTOB IIPOVCXOAVIIO TeM NHTEHCUBHEee, YeM
BbIlle ObUTa Temieparypa. [Ipuyem, faske mamuTenbHOeE
BO3feiicTBue TeMnepaTypsl 120 °C He IpUBOJUTIO K CY-
I[eCTBEHHOMY M3MEHEHMUIO IIBeTa MCCIeyeMbIX oOpas-
nos. [Ipu Temnepatype 180 °C HabTI0AI0Ch TOCTATOYHO
3aMeTHOe M3MeHEHNUe OKPAcKW, IpuYeM y)Ke HauMHas
¢ 30 MuHYT HarpeBaHus. 3aTeM, C yBeJIMYCHMEM TeMIIe-
patypsl go 210 °C He3aBUCHMO OT AJIUTEIBHOCTY Harpe-
BaHIIA IIPOUCXOAMIO OOYIIMBaHNeE VICCIIERYeMbIX 00pas-
1os [14,15].

dororpapun aHaM3MPYeMbIX 00pasIloB IpefCTaBIe-
HbI Ha Puc. 1.

Pesynbrarhl M3ydeHMs IBeTOPA3HUILIbI, BU3ya/bHble
U YJC/IOBble XapaKTepPUCTUKMU M3MEeHEHMS I[BeTa McCrle-
ZlyeMOTO MsCa TOBAAVHBI, 00>KapeHHOTO P Pas/INIHbIX
TeMIIepaTypHO-BPEMEHHBIX IIpOrpaMMax IpefiCTaBIeHbI
B Ta6. 1.



THEORY AND PRACTICE OF MEAT PROCESSING N24 | 2018

Konrponb 10 MunyT 20 MuHyT 30 muHyT KonTtpomnb 10 MunyT 20 MuHYyT 30 MunyT
40 MuHYT 50 MuHyT 60 MuHYT 70 MuHyT 40 MUHYT 50 MuHyT 60 MuHYT 70 MuHYT
80 MunyT 90 MuHYT 100 munyT 110 munHyT 120 munyT 80 MuHyT 90 MuHYT 100 munyT 110 munyT 120 munyT
a) 6)

Kontponb 10 MunyT 20 MuHYT 30 MunHyT Konrponb 10 mynyT 20 MuHYT 30 MuHYT

R
“
40 MyHYT 50 MunHyT 60 MuHYT 70 MuHyT 40 MUHYT 50 MuHyT 60 MuHYT 70 MuHYT
. ' L} ~
k- ‘ ; I 2 | I« |
80 MmuHyT 90 MuHYT 100 munyT 110 munyT 120 munyT 80 munyT 90 MuHYT 100 munyT 110 munyT_ 120 munyT
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Puc. 1. O6pasiipl Msica roOBSAMHBIL, OJIBEPTIIETOCS TEMIOBOIT 06paboTke mpu temieparype: a) — 120°C, 6) — 150°C, 8) — 180,°Cr) — 210°C

BusyanpHoe BocmpuATue o0OpaslioB, HMOABEprHYThIX  parype 180°C mokasasa, YTO yBelINYeHUe TeMIIEPaTyphl
TeMooOpaboTKe, IOKa3ano, 4To npu Temrneparype 120°C  mpuBoamio kK 6onee MHTEHCUBHOMY 1iBeTy. B cpaBHeHUn
u 150°C uBer 00pasioB NpaKTUYeCKM He U3MEHSETCA.  C KOHTposeM npu Temreparype 180 °C ormeuanocs 6onee

OnHako, cpaBHeHNe YVC/IOBBIX 3HAUEHNIT IIBeTa II03BOJIAA-  CYIIeCTBEHHOE M3MEHeHMe 3HaueHmil B cucteme Red —
eT OTMEeTUTh IPOUCXO/SIINE U3MEHEeHNs B 0OpasIiax. Green — Blue. OTMe4eHO 3HauUMTeNIbHOE CHIDKEHNE 3Ha-

3unauenns B cucreme Red — Green — Blue (kpac-  venus Blue B TeueHme Bcero mepmopa TepMoo6paboTKy,
HBIIT — 3€/IEHDIIT — CUHMIT) USMEHSIVICh COOTBETCTBEHHO ~ €r0 Be/IMYNMHA B CPAaBHEHWM C KOHTPOJIEM IOCTIe BbIfiep-
M3MEHEHUIO 1[BETA IIPU HaTPEBAHUM. KK 120 MUHYT CHU3UIACH B 2 pasa.

Hambonee cymjecTBeHHbIe M3MEHEHNUA IIpeTepIieBasa MaxkcumanbHas TeMmneparypa Harpepanus 210 °C oka-
IIBeTOBas PasHMINA, TakK, y)ke mocie 10 MUHYT HarpeBa-  3aja Hambojee CYIIeCTBEHHOe B/IMAHME Ha M3MEHEHMe
HJS OHa B CPaBHEHUM C KOHTPOJIEM M3MeHmnIach 6onee,  usera. Ilocme HarpeBanus 6omee 30 MMHYT IIPOMCXOANIO
yeM B 2 pasa. TepmoobOpaboTka 00pasloB mpu Temile-  0OyIIMBaHMe 00pasIioB.
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3nauenns B cucreMe Red — Green — Blue npu ganHoOI
TeMIlepaType ObUIM MaKCUMaIbHO HU3KVIMM, CTPEMUINCH
K Hy/0 (aOCOIIOTHO YepHBIIT 1[BET) B CPaBHEHMM CO BCe-
MU OCTaJIbHBIMU BapuaHTamu. l|BeToBas pasHuIja c yBe-
TMYeHNeM JJIMTETbHOCTY TeMIepaTypHOTro BO3MIelCTBIUA
U3MEHA/IACh He3HAYNTEIbHO.

Vpentudukanys apoMaToOpasyolmNX COeAVHEeHNI
OCYIIeCTB/ANACH CPABHEHMEM IKCIIePUMEHTaIbHBIX MacC
criekTpoB co crekrpamu 6ubmmorekn NIST (National
Institute of Standards and Technology) [16]. Coegunennsa
UIeHTUUIPOBAINCh HA OCHOBAaHMMU BBICOKOI CTEHeHU
1071061151 MacC CIEKTPOB U C yYeTOM IOPsI/IKa BBIXOZIA CO-
eNVIHEHUIT B COOTBETCTBMUM C MHAeKcoM Kopaya. OOiee
cofiep>KaHue KOMIIOHEHTOB I COfIepXKaHMA OT/eNbHbIX
TPYNII KOMIIOHEHTOB pPAaCCUUTHIBAIN CYMMMPOBaHMEM
IUVIOIafiell NMKOB OTAEIbHBIX KOMIIOHEHTOB. OTHOCHK-
TelIbHOE COJiep)KaHMe OT/JeNbHbIX KOMIIOHEHTOB U WX
TPYIII PaCCYNTHIBAJIOCH OTHOCUTENIBHO OOIIEro cofeprKa-
HI1S1 KOMITOHEHTOB 1 BBIPAKa/IOCh B IPOILIEHTAaX OT CyMMBI
IUIOMA/ieil BCeX IMKOB, 33 MCK/IOYeHeM (OHOBBIX 1 He
UIeHTU(UIVPOBAHHBIX IIKOB.

B xopme wuccnemoBanuit 6ObU10 OOHapyXeHO 6Oonee
150 yeTy4mx BelleCTB, U3 KOTOPBIX MAEHTU(UIMpPOBa-
HO 6b110 115 M KOTOpBbIe BHOCAT CYLIeCTBEHHBIN BK/IAf,
B apoMaT MACHOTO Qapia 1 MACHOro dapura mpu tep-
MI4ecKoit 06paboTke. B 0CHOBHOM, 3TO KapOOHU/IbHBIE
COeMIMHEHMS ¥ CHUPTHI, CJIOXKHBIE 3(DUPBI 1 HEKOTOPbIE
npyrue coepuHenus. Tak Obpio obHapyxeno: 11 adu-
poB, 14 reTepouMKINYECKUX COEUHEHNI, 3 HENpPeelb-
HBIX YI7TIEBOJOPOJA, 5 TEPIEHOB, 9 CIMPTOB, 4 KUCIOTHI,
19 anbppernmosB M3 KOTOPBIX 9 HempenenbHbIX U 4 aso-
COENVHEHNSL.

[Tpu TepMmmdeckoit 06paboTKe MPOBOAVIMOI IIPYU TEM-
neparype 120°C B teueHun 60-90 MUHYT U IIpU TeMIle-
parypHoit o6paboTke npu 150 °C B Teuenun 30-60 MUHYT
6bU1 0OHApY>KeH IPOIIeH—2-aMIH—-1 B 3HAUNTETbHBIX KOH-
neHTpauyax. I[Ipu tepmmdeckoit o6paborke mpu 120°C
ObUIM OOHApy>KeHbI I'eKCaHaIb U METOKCU(EHMUIOKCUM,
KOTOpbIe He ObUIV 0OHAPYKEHBI IIPY [PYTUX TeMIIepaTyp-
HBIX peXXnMax 00paboTKy MsICHOTO dapiia.

2-9TUNI-6-MEeTUN TUPASUH U 1-MEeTUN-IUPPONNU-

HOH-2 ObUIM OOHAPY>KEHBI IIPM JINTEIbHON CpefHeTeM-

HepaTypHoit 06paboTke MACHOTO dapia.
3-9TMn-2,5-AUMe TV NUpa3uH ObUI OOHAPY>KeHbI P

KOPOTKO BPEMEHHOI 1 IJIUTeIbHON CpefHeTeMIIepaTyp-

HOII 00paboTke MsCHOro ¢apiia, TOorfa Kak 2-TeHTUI-

NUPUANH ObUT OOHApPYXKeH B 3HAYMTE/IbHBIX KOMNYECTBA

B 00pasiax, MpOLIeAIINX BICOKOTEMIIEpaTypHYI0 obpa-

601y mpu 180-210°C.

B xope aHanm3a 661N 0OHAPYKEHBI CTIeAYIONIVIe TPYII-
Il BEIeCTB:

— aJIbfeTUABL: T'eKCaHasb, TelTaHa/lIb, OKTAHAJIb, HOHA-
Ha/lb, MeKaHajb, JeKajgueHanb-2,4, OeH3ambAern,
6eHsalleTanbIeru;

— KETOHBI: 6yTaH0H—2, rernTaHOH-2, OKTaHIMOH—4,5, OK-
TaHOH-2, HOHAHOH-2, eKaHOH-2, 2,3-TeKCaH/IOH;

42

cnmptel: 6ytanon-1, GypdypuaoBslil cnmprt, remra-
HO-1, mponeH-2-on-3, okTeH-1-01-3, rekcen-1-o01-3,
2-3TUNAreKcaHon-1, OKTaHon-1, 2-MeTuI IponaHon—-2;
TepIIEHBI: TMMOHEH;

a30- U cepy- comepyKalye coefuHeHus: L1-mumern-
JISTWI [UaseH, IponeH-2-aMuH-1,1,3, 2-stunnmp-
pon, 2,4,4-TpuMmeTn 2-IIeHTAaHAMUH, 2-3TWIIUPU-
OVH, 2,5-IUMETWINUPUMUANH, TeTpa3oia—5-aMIH,
2-9TUN-6-MeTW1 NUpasuH, 1-MeTWI-NUPPOAULOH-2,
3-9THn-2,5-AVIMe TV MUPa3yH, 2-TeKCUT THO(eH;
¢dypaHoBble: 2-dypaHMeTaHOT, 2-IeHTUI pypaH.

3akiaodyeHne

B xope mccnenoBanuit BAMsAHUA TEPMOOOPabOTKM Ha
apoMaro6pasylolyie KOMIIOHEHTBI 1 IIBETOBbIE XapaKTe-
PUCTHKM OOpasLoB >XMBOTHOTO (MsICO TOBSIIMHBI) IIPO-
MICXOX/IeHNUA OBUIO yCTaHOBJIEHO 6Ooree 120 neTydnx Be-
[eCTB: KapOOHW/IbHbIE COENVIHEHNs Y HU3ILIVE >KVMPHbIE
KVCTIOTBI, CIIVPTBI, CTIOXKHbIE 9(pUPbI 1 HEKOTOPbIE CEPOCO-
fiep>kaliyie coenyHeHus. IIpy kpaTKOCpoYHOI ¥ He3HA4M -
TEJIbHOI TEIUIOBOII 00pabOTKe YCTaHOB/IEHBI B OO/IBIINX
KO/IMYeCTBaX 2-MeTUI-0yTeH, aSTurekcanoar. B o6pasmax
HO/IBEPTHY THIX JUINTE/IbHOI 06XKapKe Ipy ¥ HeOOIIbIION
TeMIlepaType, a Takke B 00pasiax, IOABEpPrHyTHIX Oojiee
BBICOKOTEMIIEpAaTypHOIT 06paboTKe, HO MeHbllee BpeMs
ObUtM  oOHapyXXeHbl 3,5-iuMeTmn-4-oktaHoH. KapBoH
ObIT yCTaHOBJIEH B 00pasIiax MOBEPTHY THIX ATATENTbHON
HU3KOTEMIIepaTypHOII 006paboTke WM MeHee IPOMIOTI-
JKUTENIbHON 0ojlee BBICOKOTEMIIEpATypHOI 06paboTke.
Bo MHorux o6pasuax 6b10 0OHApy)XEHO 3HAYNUTENIbHOE
KommuecTBo pypdypomna u 6eHsanppernaa u GeHNNIITU-
JIOBOTO CIMPTA, YTO XOPOLIO COBIIAZIaeT C JaHHBIMMU, OIIN-
CAaHHBIMI B JINTEPATYPHBIX MCTOYHUKAX.

AHanus M3MeHeHMsI [[BETOBBIX XapaKTePUCTHK IOKa-
3aJI, YTO C yBeIMYEHUEM TeMIlepaTypbl HarpeBaHNs Ha-
OmrofjaeTcs CyLleCTBEHHOE MoTeMHeHne obpasuos. Ecmn,
npu temneparype 120°C HabmofaeTcs ellje He3HaYNTeNb-
HOe M3MeHeHIe 1IBeTa Jake II0CjIe 2-X 4aCOBOI'0O BO3JIel-
CTBUS TEMIIEPATyphl, TO NPU YBETMIEHUN TeMIIEPaTypbl
10 180-210 °C y>ke 3a mepBble 10 MMHYT IjBeT 00Opasiia TeM-
HeeT ¥ B IIOC/IeAYIOleM MEeHAeTCs He3HAYUTENbHO.

OueHka I1BeTa 06pasLoB ¢ UCIOIb30BAHNEM KOMIIbIO-
TEPHBIX TEXHOJIOTHII B KayeCTBE TEXHUYECKOTO 3PEHMA
IIOKa3asa, YTO MAKCMMaJIbHasA TeMIlepaTypa HarpeBaHMs
210°C okasbiBasa Hanbosee CyIeCTBEHHOE BJIMSHME Ha
u3MeHeHMe 1Beta. Ilocme HarpeBaHus 6omee 30 MMHYT
IPOKCXOAWIO OOyIIMBaHMe 00pasl[oB. 3HAYEHVS B CHU-
creme Red — Green — Blue npu panHOI TemmepaType
ObUIM MaKCUMa/IbHO HU3KUMM, CTPEMWINCDH K HYO (a6-
COJIIOTHO Y€pPHBIN I[BET) B CPABHEHMUNU CO BCEMMU OCTaJlb-
HBIMJ BapMaHTaMIL.

[TonyueHHBIE pe3yIbTAaTBl CBUJETEIbCTBYIOT O TOM,
9YTO KOHTPONUPYS TEMIIEPATypy U AUTENBHOCTb IIPO-
Ijecca HarpeBaHMsI, MO>KHO TIOJIy4aTh XKe/laeMblii [[BeT ro-
TOBOTO IPOAYKTA, YTO BKHO JyIA CO3JJaHMA IPORYKTOB
C 3aJJaHHBIMJ OPTAHOJIENITUYECKUMI XapaKTePUCTUKAMIAL.
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Introduction

During the technological heat treatment of food prod-
ucts, their organoleptic characteristics (color, taste and
odor) often change due to the formation of colored sub-
stances, melanoidins, as a result of reducing sugars inter-
action with free amino acids, i.e. the reaction of non-en-
zymatic browning first described by the French scientist
Maillard in 1912. This reaction take place in products of
animal and vegetable origin, since all of them contain a
certain amount of reducing sugars and free amino acids
[1,2,3,4].

The process of melanoidin forming has a certain effect
on consumer properties and food quality, because along
with the improvement of sensory properties and the for-
mation of substances with antioxidant properties, accu-
mulation of toxic compounds and decrease in nutritional
value occur due to utilization of amino acids [5,6]. In this
regard, the study of this chemical transformation is impor-
tant for development of innovative food products.

The process of browning improves sensory properties
of various products, since their color transforms into at-
tractive golden or brown (bread crust, coffee beans), which
increases consumer demand for them [6,7,8,9].

Browning measurement may be carried out by visual
observation or using a spectrophotometer. Spectrometric
color determination at a wavelength of 420-460 nm makes
it possible to obtain quite satisfactory results when assess-
ing the change in color of food extracts or model systems.
Visual color evaluation is often not enough, since it is very
subjective and depends on a physiological state of the per-
son. In this regard, it is relevant to study the change in food
color under various temperature and teat treatment dura-
tion using modern computer technology.

The purpose of the work is to study the odor profile and
color characteristics of beef during heat treatment.

Materials and methods

To study the effect of heat treatment on odor form-
ing components and color characteristics, L. dorsi beef
muscle previously minced in a meat grinder was used.
Roasting was performed in Binder FD-53 drying cham-
ber with forced convection and automatic recording of the
temperature inside the chamber, with an accuracy of 2°C.
Minced meat was molded in round-shaped products with
a diameter of 50 mm and a height of 5 mm; the weight of
each product was about 5 g. For duration measurement,
C-01 stop watch was used. The measurements were car-
ried out at temperatures of 120, 150, 180, and 210 °C with
periods of 10 minutes for 2 hours. To study the color char-
acteristics, photographs were taken under the same condi-
tions for all samples: D65 light source (standard daylight),
viewing angle of not more than 2°, each measurement was
performed once; Canon EOS 750D camera; Canon EF-S
17-55mm £/2.8 IS USM lens; ISO 400, f 5.6, shutter speed
1/60. Images of the analyzed samples were processed in
Adobe Photoshop CS6 graphic editor.
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Color difference is a mathematical representation that
allows to numerically express the difference between two
colors in colorimetry. To determine the difference in color
values between two samples, there are several equations.
The results obtained from these equations are in some
cases inconsistent with the results of visual assessment.
The following general equations are recommended for use
by the International Commission on Illumination (CIE):
CIE76 in L*, a*, b* values, CIE94 in LCH (L*C*h) color co-
ordinate system and CIEDE2000 including the rotation of
the tone angle, compensation for neutral colors, lightness,
saturation and tone [10,11,12].

In current work, in order to quantitatively and most
accurately assess the color difference of heat-treated meat
samples, the online calculator, «CIE2000 Calculator»,
was used that allows to calculate the color difference in
various color coordinates according to CIEDE2000 stan-
dards [13].

To obtain the color characteristics of the studied sam-
ples, their photo images are used followed by processing
in Adobe Photoshop graphic editor, in which color char-
acteristics may be determined. To estimate the change in
color, A E parameter (color difference) is used, which is
defined as the difference between two colors in uniform
color space. Using the eyedropper tool (color determina-
tion tool) in Adobe Photoshop, the hexadecimal color
value and color coordinates in RGB were obtained. RGB
is a widely used additive color model. RGB color model
may use various shades of primary colors, various color
temperatures («white point» setting), and various gamma-
correction values.

Results and discussion

The study results for the color change in the samples
depending on the different temperature and duration are
presented in Figure 1. The change from red in the control
sample to light gray through beige is due to myoglobin
denaturation. Further heating of the samples led to their
browning. The higher the temperature was the more in-
tensely melanoidin pigments formed. Moreover, even pro-
longed exposure to a temperature of 120 °C did not lead to
a significant change in the color of the studied samples. At
a temperature of 180°C, a significant change in color was
observed even during 30 minutes of heating. Then, with an
increase in temperature up to 210 °C, carbonization of the
samples occurred regardless of heating duration [14,15].

Images of the analyzed samples are shown in Figure 1.

The results of the color difference study, the visual and
numerical characteristics of the color change in the stud-
ied beef samples roasted at various temperatures and time
periods are presented in Table 1.

The visual perception of the samples subjected to heat
treatment showed that at a temperature of 120°C and
150°C sample color practically did not change. However,
comparison of color numerical values makes it possible to
determine the changes occurring in the samples.
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Figure 1. Beef samples subjected to heat treatment at a temperature of: a) — 120°C, b) — 150°C, ¢) — 180°C, d) — 210°C

.

The values in Red Green Blue system changed accord- The maximum heating temperature of 210°C had the
ing to the change in color during heating. most significant effect on color change. After heating for

The most significant changes were noted in color dif-  more than 30 minutes, carbonization of the samples oc-
ference, i.e. after 10 minutes of heating, it changed by more  curred.
than 2 times compared to the control. Heat treatment at The values in Red Green Blue system at this tempera-
a temperature of 180°C showed that an increase in tem-  ture were as low as possible, tending to zero (absolutely
perature led to more intense color. At a temperature of 180  black color) in comparison with all other treatments. In-
° C, a more significant change was observed in the values  creased duration of temperature exposure slightly effected

of Red Green Blue system compared to the control. A sig-  the color difference.

nificant decrease in Blue value during the entire period of Odor forming compounds were identified by compar-
heat treatment was noted, and after 120 minutes its value  ing the test mass spectra with the reference spectra of the
decreased by 2 times in comparison with the control. NIST (National Institute of Standards and Technology)

44



2018 | N24 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

65°0¢ LTST v1°8¢ 9T°ST 95°9¢ LTTT SV'1C 20T LIVT S¥ve €6°L1 09°CI 0 (2V) dUaI3hIPp 10[0)
wd)SAs anjg UID pay
ur onep

........ o

LTTETS 9T Ve VS 6T V€ ‘67 I€9€ ‘1S €€07 ‘€9 €TV 99 8T 8¢ ‘99 6T °6€ ‘1L €€V VL LTVV ‘8L 87 €9°L8 ThLST8  TL6LTLL

anjea 10[0d

qrocee BICT9E PICCic JIveee 128U¢ 0ce6cey 19Ty PILTLY 1¢aTey qI237% 0€JELS BT6ETS LyIyoe [PwDIpEXSH
Do 01T 24npaaduiay

ory 09°81 8T8 00°0¢ ¥78'81 SV'11 IT'1I 08°CC 666 70°01L S6°¢ vL'81 0 (2V) dud13y1p 10[0)

< < < <, [$ < < [3 < (¢ < < < < < < < < < < < < < < < < EQH@%W °=~m :00&@ vo&

GETI60T  €€°6S°G0I  THPVLGCT  9€° 9 FIL  8€0L°TCT  6€°IL°CCI  €V'I8°€Cl  I19°Z8°6C1 8586 8€T  ¥S°16°6CI 7969 °L6 6779 68 IL°6L°CLT wr anpep

........ e

anpeaA 10[0d

€0¢PY 129€69 BCeYPL yeIves 9T9r®eL LTLV®L qzIsss CELST8 BETIg 9¢qsI8 vesri9 1€9€65 LV}voe [PwDIpEXIH
D, 081 24nyv1adway,

€I°€T 6€£°CC 15°9¢ €8°G1 08°1C LT01 ¥8°9C 8¢€'8C €6°'I1 90°1T 1Tyl 69°0C 0 (Fv) dua151p 10]0)

€ < < < < < < < < < < < < < < < < < [$ € < < < € < < EQH%\%W 0=—m guuvﬁw vom

78788 I1S°€6°SET LS COT OFL  S9°SOT'6€T 6V °68°8CI  9S°L6°CET  99°¢OI8TI LS /Z87°8IT  1S°08°60L  L9¥6°8CT  IL°S6°0¢T TOT '6CI 89T TL°6LTLI wr angep

........ o

.. anfea 10[0d

¢ 810€8S €EPSL8 BE/998 176948 1€6508 8€I9¥8 wL908 6€LS9L ¥€0SP9 €72508 IS8 89188¢® LV}voe [PwDIpEXIH
2, 0ST 24ngp1aduiag,

9P al 61°¥C 09°%¢ €V'se €L°8C 05Tl 81°6C 81’8 LT'TE 69°1¢ ST 0¢ €1'8¢ 0 (qV) dU312P1p 100D

< < < <€ < < < < < < < < < < < € < < < < < [$ < [$ < < EQHW%@ Us—m :QQHMV Hvom

€9°80I°SVI PGS 00L°8ET SOOIT 6ET 99°CIT'SPT  SL°LZOL°SET 6L CITIPL  SS°L8°LZIT  99°C6°8CI  SIT'THI GLI OTL€VI 08T OSI0LI V0T ¥91 €81 ¥CC 1L°6L°TLI ur angep

.......... . -

anjeA I0[0d
J€3916 9¢v9e8 172998 w0L16 %99.8 0.LpP8 8€LSSL 508 €L38)e v/I8¥q 96eeID ¥eLq09 L¥3roe [PwDIpEXIH
Do 0TI 24ngv12dmay,
0Z1 0TI 00T 06 08 0L 09 0S 0¥ 0¢ 0¢ (1)
[onuo) J1)SLId)IRIRYD 10[0)

urw ‘uoneinp Sunseoy

sporrad oum pue saxmeraduid) snotrea Je pajseox sajdures Jooq ur Iguerd 10[0d 1) Jo SISA[euy °T A[qe],

45



THEORY AND PRACTICE OF MEAT PROCESSING N24 | 2018

database [16]. The compounds were identified on the basis
of high similarity of the mass spectra and taking into ac-
count the retention time order of the compounds in accor-
dance with the Kovats index. The total content of compo-
nents and component groups was calculated by summing
the peak areas of individual components. The relative
content of individual components and their groups was
calculated relative to the total content of components and
expressed as a percentage of the sum of all peak areas, with
the exception of background and unidentified peaks.

In the research, more than 150 volatile substances were
detected, of which 115 were identified and which signifi-
cantly contribute to minced meat odor during heat treat-
ment. These are mainly carbonyl compounds and alco-
hols, esters, and some other compounds. The following
substances were detected: 11 esters, 14 heterocyclic com-
pounds, 3 unsaturated hydrocarbons, 5 terpenes, 9 alco-
hols, 4 acids, 19 aldehydes including 9 unsaturated alde-
hydes, and 4 azo compounds.

During heat treatment at a temperature of 120 °C for
60-90 minutes and at a temperature of 150 °C for 30-60
minutes, propen-2-amine-1 was detected in significant
concentrations. During heat treatment at 120 °C, hexanal
and methoxyphenyl oxime were detected, which were
not detected under the other temperature conditions of
minced meat processing.

2-ethyl-6-methyl pyrazine and 1-methyl pyrrolidi-
none-2 were detected after prolonged medium-tempera-
ture processing of minced meat.

3-ethyl-2,5-dimethyl pyrazine was detected during
short-term and long-term medium-temperature process-
ing of minced meat, whereas 2-pentyl pyridine was de-
tected in significant amounts in samples subjected to high-
temperature processing at 180-210 °C.

The analysis revealed the following groups of sub-
stances:

— aldehydes: hexanal, heptanal, octanal, nonanal, deca-
nal, decadienal-2,4, benzaldehyde, benzacetaldehyde;

— ketones: butanone-2, heptanone-2, octandion-4,5, oc-
tanone-2, nonanon-2, decanon-2, 2,3-hexanedione;

— alcohols: butanol-1, furfuryl alcohol, heptanol-1, pro-
pen-2-ol-3, octene-1-ol-3, hexene-1-o0l-3, 2-ethylhex-
anol-1, octanol-1, 2-methyl-propanol-2;

— terpenes: limonene;
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— azo- and sulfur-containing compounds: 1,1-dimeth-
ylethyl-diazene, propen-2-amine-1,1,3, 2-ethylpyr-
role, 2,4,4-trimethyl-2-pentanamine, 2-ethylpyridine,
2,5-dimethylpyrimidine, tetrazol-5-amine, 2-ethyl-
6-methyl-pyrazine, 1-methyl-pyrrolidon-2, 3-eth-
yl-2,5-dimethyl-pyrazine, 2-hexyl-thiophene;

— furans: 2-furanmethanol, 2-pentyl-furan.

Conclusions

In the studies of the effect of heat treatment on odor
forming components and color characteristics in animal
products (beef), more than 120 volatile substances were
detected: carbonyl compounds and lower fatty acids, alco-
hols, esters, and some sulfur-containing compounds. After
short-term and low-temperature treatment, 2-methyl-bu-
tene and ethyl hexanoate were found in large quantities.
In samples subjected to prolonged roasting at low temper-
atures, as well as in samples subjected to processing at a
higher temperature but for less time period, 3,5-dimethyl-
4-octanone was detected. Carvone was found in samples
subjected to long-term and low-temperature treatment or
shorter but higher temperature treatment. Many samples
contained a significant amount of furfural, benzaldehyde
and phenylethyl alcohol, which is in good agreement with
the data reported in the literature.

Analysis of changes in color characteristics showed that
a significant darkening of the samples was observed with
increasing temperature. At a temperature of 120°C, there
is still a slight color change even after 2 hours of exposure,
but as the temperature rises up to 180 to 210 °C, the samples
darken in the first 10 minutes and subsequently their color
changes slightly.

Color evaluation using computer technology as an
artificial vision showed that the maximum heating tem-
perature of 210 °C had the most significant effect on color
change. After heating for more than 30 minutes, carbon-
ization of the samples occurred. At this temperature, the
values in Red Green Blue system were as low as possible,
tending to zero (absolutely black color) in comparison
with all other treatments.

The results obtained indicate that controlling the tem-
perature and duration of the heat treatment helps to obtain
the finished product of desired color, which is important
for creating products with given sensory characteristics.
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Opuzunanvnas HayuHas cmamos

VICCJIETOBAHUE OPTAHOJIEIITUYECKUX

Y ®YHKIIMOHAJIbBHO-TEXHO/JIOTMYECKUX

CBOVICTB MBIIIEYHOM TKAHV NOR U PSE CBMUHIHBI
HA MSACOIIEPEPABATBIBAIOIIUX ITPEOIIPUATUIAX I0OPO

Opnosa O.H.,* Mkptuusas B.C., Ckpeinank JI.B. Kpuuyn JI.B.
Cesepo-Kaskasckuit punnan @efeparpHOro HayIHOTO LjeHTpa MuUIeBbIX cucteM uM. B. M. Topbarosa PAH,
Pocros-na-Jlony, Poccusa

Kniouesvie cnosa: céurvu, mpancnopmuposanue, cmpecc, PSE céununa, npedy6otinas nodzomoska, opeanonenmuueckue
ceoticmea, 671a20C63b6aI0ULAT CHOCOOHOCHb, NOMePU Npu 6apke

Annomauus

B pabome npedcmasnenvl pe3ynomamut UCCE008aAHUTE U3YHEHUS Op2aHonenmudeckux (4sem, KOHCUCIEHUUS, 600THUCIIOCHID)
u pyHKyuoHanvHo-mexHonoeuteckux (pH, 671a20c6:3616a10U4a5 CNOCOOHOCMYb U NOMEPU COKA NPU BaAPKe) C60TICE MbludeHHOTE
mxanu NOR u PSE ceunumvl, nonyueHHOT 0M HUBOMHDBLX, MPAHCNOPMUPOBAHHBLX HA paccmosHus 50 u 170 km, 8 3a6ucumo-
cmu om npedy6oliHoti no020mosKu. IKcnepumMeHmanvHvie OAHHbIE CUCIEMAMU3AUUL CE0TICIE CEUHUHBL U PACHEMa KOTuYe-
CMBEHH020 3HAYEHUS CE0TICINE MACA NO3BONIUIU YCIAHOBUMYb NPUHAOTIEHHOCHY C6UHUMBL K KavecmeenHbim pynnam NOR
u PSE u cgpopmuposamo 6aHK 0AHHbIX 0peaHONENMU4eckux U GyHKUUOHATLHO-MEXHON02UHeCKUX nokasameneii Moluie4HoT
MKAHU C6UHUHDL, Nocmynaiouiell Ha maconepepabamuvisarouiue npeonpuamus IOmucrozo Pedepanvroeo okpyea. Iloxasano, umo
CBUHUHA 0M OMOOXHYBUIUX HUBOMHBIX UMeNIA 007ee 8bICOKUE Op2aHonenmueckue U GyHKUUOHATLHO-MeXHON0eUu"ecKue no-
Kasamenu u 6o7ee 6viCOKUE KauecmBeHHble yPOSHU C60TicMe MACA. Pesynvmamot npoeedeHHbIX UCCe008aHUL NOOMBepioam
NosoHUMeNnbHOE BUSHUE nPedyOoTiHOTE N0020MOEKU C6UHEN HA KAYECTE0 NOMLyHAeMO20 O HUX MACHO20 CbIPbAL.

Original scientific paper

THE STUDY OF ORGANOLEPTIC

AND FUNCTIONAL-TECHNOLOGICAL PROPERTIES

OF PORK MUSCLE TISSUE NOR AND PSE AT THE INDUSTRIAL
ENTERPRISES OF THE SOUTHERN FEDERAL DISTRICT

Olga N. Orlova,* Vitaliy S. Mkrtichyan, Ludmila V. Skripnik, Ludmila V. Krichun
North-Caucasian Branch of the V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences,
Rostov-on-Don, Russia

Key words: pigs, transportation, stress, PSE pork, pre-slaughter preparation, organoleptic properties, moisture binding capacity,
losses during cooking

Abstract

The paper presents the results of studies of organoleptic (color, consistency, water content) and functional-technological (pH, mois-
ture binding capacity and loss of juice during cooking) properties of muscle tissue of NOR and PSE pork, obtained from animals
transported at distances of 50 and 170 km, depending on pre-slaughter preparation. Experimental data of systematization of pork
properties and calculation of the quantitative value of meat properties allowed to establish pork belonging to the quality groups
NOR and PSE and to form a data bank of organoleptic and functional-technological parameters of pork muscle tissue entering
the meat processing enterprises of the Southern Federal district. It is shown, that pork from rested animals had higher organoleptic
and functional-technological parameters and higher quality levels of meat properties. The results of the studies confirm the positive
impact of pre-slaughter preparation of pigs on the quality of their meat raw materials

BBenenue VHTeHcnuKanys CBUHOBOJCTBA, LIMPOKOE BHeApe-
CBUHMHA OTHOCUTCA K OCHOBHOMY CBIPbIO MACHOM  HU€ IPOMBIIIJIEHHON TEXHOJOTMM Pa3BeNeHUs U OTKOP-
IPOMBIIIIEHHOCTY, HApSAAY C TOBSIMHON M OapaHMHON,  Ma CBUHEN, C Y3KOCIeIMa/lIN3UPOBAHHON IeHeTHYeCKO
Y UTPaeT BaXXHYIO PO/Ib B OPMMPOBAHUY KadeCTBAa MAC-  HAIIPABJICHHOCTBIO BBIBEIEHMs >KUBOTHBIX C ITOBBIIIEH-
HOI mpopyKumn [1]. HOJ JIOJIell MBIIIEYHONM TKaHM, X HU3KasA yCTOMYMBOCTD

ANA UUTUPOBAHUA: Opnoea O.H., MkpTuusaH B.C., CkpbinHuK A.B. KpuuyH A\.B. UccnepoBaHUe OpraHOAENTUUECKUX U GYHKLLMOHAAbHO-TEXHOAOTUYE-
CKMX CBOMCTB MblleuHoi TKaHu NOR u PSE cBMHUHbI Ha mAconepepabatbiBalowmx npeanpuaTuax KOOO0. Teopua u npakKTuka
nepepabotku msaca. 2018;3(4): 49-57. DOI 10.21323/2414-438X-2018-3-4-49-57

FOR CITATION: Orlova O.N., Mkrtichyan V.S., Skripnik L.V., Krichun L.V. The study of organoleptic and functional-technological properties of pork
muscle tissue NOR and PSE at the induéstrial enterprises of the Southern Federal District .Theory and practice of meat process-
ing. 2018; 3(4): 49-57. (In Russ.). DOl 10.21323/2414-438X-2018-3-4-49-57
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K CTpeccy U T.JI., IPUBOAAT K IIOyYeHUIO MsACA C HeTpa-
AUIMOHHBIMY XapaKTepucTukamu B Bupie PSE cBMHMHBI
[2,3].

PSE cBuHMHa MMeeT HexapaKTepHble TEXHOJOIMYe-
CKJI€ CBOJICTBA ¥ KaueCTBEHHbIe [T0Ka3aTeN, 4YTO CYLecT-
BEHHO 3aTPYAHSET eTo MCIONb30BaHMe PN IIPOU3BOJCT-
Be KaueCTBEHHBIX MACHBIX IPOAYKTOB. IIpumenenne PSE
MscCa NPUBOJUT K YBE/IMYEHNIO IOTEPDb B/IATU IIPU TEPMI-
4ecKoit 06paboTke, 671eHOI OKPACKe, OSIBJIEHUIO KICTIO-
O IIPUBKYCa ¥ HECBOVICTBEHHOI TaHHOMY BUJlY IPOAYKTa
KOHCUCTEHIUIL.

[Tepepaborka PSE cBMHMHBI TpeOyeT HOIOIHNUTE/b-
HBIX 3aTpar TPYyAa, BpeMeHN 11 MaTepUa/IbHbIX CPEACTB.

[TonoxxeHue ycyryonaeTcss TeM, YTO CBMHOBOJCTBO
Pocrosckoit o6mactu OOO He MoXkeT obecreunThb Hace-
JIeHUe CBUHVHOI 110 00 BEKTUBHBIM IIPUYMHAM, B IIEPBYIO
oyepelb CBA3AHHBIM C KpaiiHe HAIPs>KEHHOI SIU30[1-
4ecKoll cuTyaumert 1mo apuKaHCKON YyMme CBUHeN [4].
MsiconepepabarsiBaroniyie OpefupuATUs 0OTacTH BbI-
HY>KI€HbI BECTH 3aKYIKy CBUHEI B COCENHMX peTMOHaX,
IpY 3TOM TPAHCIIOPTUPOBAHNE XMBOTHBIX OTpPUIATE/Ib-
HO B/IMAET Ha MX COCTOsIHNME U Ka4eCTBO I0/Ty4aeMOoro Ipu
y60e MsicHOro cbIpbs [5,6,7,8,9,10].

[TosTomy paspaboTka 1 BHefpeHUe Mep, obecredn-
BAIOIMX YCTPaHEeH)e NPUYMH, BBI3bIBAIOLINX IIOSB/ICHNE
CBUHUHDI ¢ TIopokoM PSE npu TpancnopTupoBaHum cBu-
Hell OT >KMBOTHOBOJYECKIX XO3AJCTB U Ipefy60iTHOM cO-
Ilep>KaHNN VX Ha MACOIIepepabaThIBAIOIINX IPEATIPUATIX
IO>xnOrOo ®efepaIbHOrO OKPYyTa BeCbMa aKTyalbHa.

Llenpio HacToAIIel PaOOTHI ABIANOCH U3ydeHIEe BIUA-
HIISA TPAHCIIOPTUPOBKI Y ITPEAYOOITHOI BBIIEPKKI CBUHEI
Ha OpraHojIeNTNYecKue U (yHKIVOHAIbHO-TEXHOIOIMYe-
CKIe IIOKa3aTe/l) MBILIeYHO TKAaHV CBUHUHBI B YCTIOBUAX
npeanpuATnit I0xHoro ®efepanbHOro OKpyra.

MaTepI/IaJIbI " ME€TOIbI

OKCIlepUMeHTa/IbHbIe  VICCTIEOBAHMA 10  JTAHHON
npo6eMe IPOBOAMINCH B [iBa 3Tama. Ha mepBom srame
yCTaHAB/INBAIACh IIPUHA/IEKHOCTb CBUHUHBI K TpYIIIIe
csorictB 1o mkane PSE-NOR-DFD, a Ha BTOpOM 3Ta-
Ile TPOBOAWINCH MCCAENOBAHNUA MUIIEBOM IIeHHOCTU
U QYHKIVIOHA/IbHO-TeXHOJIOTMYEeCKVIX CBOJICTB CBUHVIHBL

O6bexTaMy MCCIEOBAaHUII B JaHHOI paboTe SAB/IA-
JINCB:
— CBMHBIE IOy TYILY, IOTy4eHHbIE IIPY YOOe OTKOPMOY-

HOTO MOJIOJZHSIKA CBMHEI],

- IOSAICHNYHAA YaCTb J/IMHHETIIel MbIIIIIbI CIIVHBL

[TprHA#IeXHOCTD CBMHUHBL K KAaueCTBEHHBIM IPyII-
nam PSE, NOR u DFD ycranaBnmuBanm mo pesynbraTam
¢dusnko-xummnyecknx (pH) m opranonentnyeckux (1ser,
BOJSHICTOCTDb, KOHCUCTEHIIVA) MCCIEOBAHUI TeXHOIO-
TMYeCKNX CBOJCTB CBUHIHBI I pacyeTa KOIMYeCTBEHHOTO
3HaueHusA cBoiictBa Msaca (CM) B COOTBETCTBUU C Tpe-
6oBaHMAMM «BpeMeHHOI TeXHONTOIMYeCKOl WHCTPYK-
L[V OLIeHKM TOBSIIVHBI M CBYHMHBI 10 IPYIIIaM CBOJCTB
B mkase PSE-NOR-DFD» (MockBsa, 1997 1.).
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V3mepenne aktusHON KucnotHoctu (pH) mposopu-
mu cornacHo 'OCT 51478-99 «KoHTpO/IbHBIN MeTOf, OII-
peneNieHNaA KOHIIEHTpaLuy BOJZOPORHBIX 1MOHOB (pH)»
[Py TTOMOIIY MOPTAaTUBHOrO mpubopa pH MeTpa Mapku
«METTLER TOLEDOn».

BusyanpHy1o OLIEHKY ILiBeTa OCYLIeCTBIIANN C IpyMe-
HEHJEM 3TaZIOHOB LIBETa.

BusyanbHyio OLEHKY KOHCUCTEHLMM IIPOBOIVIIN ITy-
TeM Ha)KaT¥s Ma/lblleM Ha MBILIIY C TOC/IERYIOIIell OLleH-
KOJI BDEMEHU I CTEIIEHN MCYE3HOBEHNA AMKM, BOSHUKAIO-
e IMocie HaXKaTus.

BusyanpHyo OL€HKY BOJAHMCTOCTYM YCTaHaBIMBAaJIN
IO CTeleHM HaMOKaeMOCTM (MIbTPOBAIbHOI Oymary,
MPUK/IaIbIBA€MOIL K MBIIIIE.

IIBeT, KOHCUCTEHIMA ¥ BOLAHUCTOCTD ABJIAITCA Ka-
YeCTBEHHBIMI XapaKTePUCTUKaMy, TO3TOMY IepeBOf, UX
B KONMYECTBEHHbIE YPOBHM I ONIpENENEeHNVs TPYIIIIbI
CBOJICTB CBUHVHBI, IPOBOAM/IN B COOTBETCTBUM C TaO/N-
Leil 2 TEXHOJIOTMYECKOI MHCTPYKLIVN.

CyMMapHBIii IIOKa3aTe/lb KOINYeCTBEHHOTO 3HAYEeHNs
coricts (CM) paccunTtbiBanm 1o ¢popmyre:

CM =-54+pH+0,60x L]+ 0,25xK + 0,15x B,
rze:
pH — usmepenHoe sHauenne pH,
I — onenka nBeTa 10 9-TU yPOBHEBOII IIKaIE,
K — ormeHKa KOHCHCTEHIINY, IMEIOIIEll 5-YPOBHEBYIO IIKaITY,
B — onjenka BOgAHMCTOCTH, MMEIOIIEN 5-YPOBHEBYIO HIKaTY.

KauecTBeHHBINI YpOBeHb, COOTBETCTBYIOIINII pacueT-
HOMY KOJIMYeCTBEHHOMY 3HAUeHMIO CBOJICTB MsACa, OIIpe-
JieJIsUIN 1O Tabmuile 2 TeXHOIOTMYEeCKOI MHCTPYKIA.

Maccosyto fonto Biary onpegernsim o 'OCT 9793-74
(Ompenenenne Bary BLICYIIMBAHNEM B CYIIVJIBHOM IIIKa-
¢y npu Temneparype (150+2) °C).

Br1arocBA3bIBAIONIYIO CIIOCOOHOCTD ONPENeTIs/IN TIpecc-
meropioM Ipay-Tamma B Mogudukamym BHUVIMIL.

IloTepu coka mpy Bapke yCTaHaBIMBaNIM IO PasHULE
MacChl IPOOBI 10 ¥ MOCIIe TEPMUYECKOI 00pabOTKY B Te-
yeHue 20 muHyT 1o Metoauke BHVVMIIL.

PesynpraTsl u 06cyxKmeHme

Y6011 cBuHell B KOMMYeCTBe 63 TOZI0OB IPOBOAWICA Ha
msconepepabarpiBaonyx npeanpuaTuax OO0 «BEIIO3-
TOPTOBBIV IOM>» (r. Poctos-Ha-[lony) u 3A0 ATPO-
OVPMA «PECIIEKT» (PocTtoBckas o6mactb, KaMeHCcKMin
paiton). Iy uccegoBanmit OT6Mpany CBUHEN, HOCTYIaB-
X Ha y6 oIl 1 IepepaboTKy 13 X03:1icTB PocTOBCKOIT 00-
nactu (3A0 «CKBO»,3A0 ATPODOMPMA «PECIIEKT»),
Kpacuogapckoro kpas (3AO «IpaHut»).

TpancropTupoBaHMe CKOTa OCYIIECTB/IANOCH CIel]-
aBTOTPAHCIIOPTOM Ha CJIefylolyie paccTosHuA: PocTos-
ckas obmactb — 50 kM (Bpemsa B iyt — 1,0 4.), Poctos-
ckas obmacte u KpacHopmapckuit kpait -170 kM (Bpems
B myTH 3,5 4). OTABIX U ITOEHVE )KMBOTHBIX IIPOBOAVIINCD
B COOTBETCTBUM C TeXHOJIOTMYECKON MHCTPYKLMeH IO
npueMKe M IpefpyOoitHoOi moproroBke ckora (Mocksa,
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1995 r.). BmecTe ¢ TeMm, ¢ LIe/IbIO TOTYYeHM SKCIePYMeH-
TaJIbHBIX JAHHBIX O BJIVSAHUM ITPeyOOITHOI BBITEP)KKI Ha
(YHKI[MOHA/IbHO-TEXHOIOTMYECKIe CBOVICTBA MsACa, y0oil
YacTyU CBMHEN, IepeBO3UMBIX Ha paccrosanue 50 un 170 km
OCYILIECTB/IANCSA 0e3 OTAbIXA XMBOTHBIX, «C KOJIEC».

Yepes cyTku mocie y6osi U3 OXTaXAEHHBIX MOTYTYIL,
HaXO[ALIMXCS B KaMepax OXIaX[eHMs (TemIiepaTrypa
0-4°C u BraxxHoCcTb 90%), BbIfIETISIN 0OPAsIbI /IS aHANN -
30B U3 IOSICHUYHOM YaCTU JIJIMHHENIIEe MBIIILbI CIIMHBI.

ITo pesynbraram ¢pusnko-xummdecknx (pH) u oprano-
nentuueckux (LBET, BOOSHUCTOCTb, KOHCUCTEHIS) VIC-
CJIe[lOBAHUII CBOJMICTB CBMHVHBI M pacyeTa KOINYECTBEH-
HOTO 3HaueHusA cporictBa MsAca (CM) 6b1a ycTaHOB/IEHa
IIPMHAJISKHOCTb CBYHMHBI K Ka4eCTBEHHBIM I'PYIIIIaM 10
5-TM ypOBHEBOII LIIKasle, a TaKXKe (PyHKIMOHATbHO-TEeXHO-
JIOTMYeCKIe CBOMCTBA CBUHIHBI.

[To pesynbraraM MOHMTOpMHIa OB CHOPMUPOBAH
6aHK JaHHBIX OPraHOJENTUYECKUX U (PYHKIMOHATBHO-

Ta6muua 1. Pe3y1bTaTsl OpraHonenTiyeckux,
(PusuKo-xUMITYeCKUX U PYHKIMOHATBHO-TEXHOMOTIYeCKIX
VCCTIeJOBAHIII CBMHIHBI, IIOTY4eHHOI1 OT )KBOTHBIX,
TPAHCIOPTUPYEMbIX M3 X03AICTB Ha paccTosHMe 50 KM

Iloxasarenmn B 3aBucH-
MOCTH OT IPeTyO0ITHOro
cofiepKaHIsA
XapaKTepucTuKmn
6e3 oTIbIXa  C OTIBIXOM
BCero, yA. Bcero, ya.
mT BeC,% mT Bec, %
KomiryecTBO )XMBOTHBIX 12 100 11 100
CpenHee 3HayeHue pH24 5,48 5,59
6menHoe 2 17 — —
IIBet 6mexHO po3oBoe 4 33 2 18
posoBoe 6 50 9 82
BOJSHIICTOE 2 17 2 18
BIaKHOE 6 50 3 27
Bogsanucroctp
c1ab0o BIaXKHOE 4 33 5 46
cyxoBaToe — — 1
prixioe 2 17 1
Koncucrenuus cmabo ynpyroe 6 50 3 27
yupyroe 4 33 7 64
CpenHee 3HaUeHNe CBOIICTBA MsACA 3,26 3,77
NOR — — 4 36
Kauecrpennsuit ymepennoePSE 10 83 7 64
YPOBEHb CBOJICTBA
MsAcCa JIpKO . -
BboIpakeHHOe PSE 2 17
NOR — 61,29
Braro- ymepenHoe PSE 53,94 52,03
CBA3bIBAKOIAA ApKO
CIIOCOOHOCTD, % BbIpakenHoe PSE 43,89 —
CcpefiHee 3HaUYeHIe 52,27 55,40
NOR — 21,68
ymepennoe PSE 23,91 24,73
Ilorepu coxa
npu Bapke,% fApKo _
Pl Bapie, BbIpakenHoe PSE 27,49
cpefiHee 3HaUYeHIIe 24,50 23,62
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TEXHOJIOTMYECKMX ITIOKa3aTeIel MbIIIEYHOI TKAaHU CBIUHI-
HBI OT CBMHEII, IOCTYHAIOLINX Ha MscColepepabaTbBaio-
mue npennpuATua I0xxnoro @enepanbHoro okpyra. bank
JaHHBIX BK/IIOYAeT UCCIEOBaHMs 63 00pa3loB CBYHNHBI.
O6paboTraHHble pe3ynIbTaThl MCCIELOBAHMII OPraHoO-
JIEITUYECKUX, (PU3NKO-XUMWYECKUX U (PYHKIMOHATBHO-
TEXHOJIOTMYECKMX VMCCTIeJOBAHNII CBMHMHBI, ITOTy4eHHOI
OT >XMBOTHBIX, TPAHCIIOPTUPYEMBIX U3 XO3SIICTB HA pas-
JINYHBIE PACCTOSHVA IpefcTaBieHsl B Tabm. 1 u Ta6m. 2.
/3 Ta6s. 1 BUIHO, YTO CBMHMHA, NTOJTYYeHHAS OT XKU-
BOTHBIX, TPAaHCIOPTMPYeMbIX Ha paccrosiHume 50 KM
C OTHBIXOM, MMejia 6ojiee BBICOKIE OPraHOIENTUYeCKue
nokasareny — 0ojiee MHTEHCUBHBIN LIBET, IVIOTHYIO KOH-
CHUCTEHIVIO, MEHDBIIYI0 BOASHICTOCTD 1, KaK CIIefICTBIE,
6oree BBICOKOE CpellHee 3HaueHMe CBOJVICTBA MsAca — Ha
0,51 1 KayecTBEHHbIE YPOBHM CBOJMCTBA MsACA.
DyHKIMOHAIPHO-TEXHOIOTMYECKe CBOJICTBA Msca
OT OT/IOXHYBIINX CBVHEN MMe/y 60/ee BBICOKIE CpefiHue

Ta6nuua 2. Pe3ynbTarTs! OpraHoIeNnTIYeCKIX,
(Pu3uKo-xUMITYeCcKUX U PYHKIMOHATBHO-TEXHOMOTIeCKIX
VICCTIeOBAHIIT CBUHIHBI, IIOTYY€HHOI1 OT JKMBOTHBIX,
TPaHCIIOPTUPYEMBIX I3 X0O34JICTB Ha paccrosgHue 170 km

Iloxa3arenu B 3aBUCH-
MOCTH OT IPeTy00ITHOro

cofiep>KaHmIsA
XapakTepuCcTIKI 6
€3 OTJbIXa C OTABIXOM
BCero, yA. BCero, Ya.
T BeC,% mT Bec,%
KonuyecTBo >XMBOTHBIX 20 100 20 100
Cpennee 3HaueHue pH24 5,58 5,73
O6negHo-KenToe 1 5 — —
onemHoe 1 5 — —
Iser 671eHO po30BOe 5 25 4 20
po3oBoe 12 60 12 60
MHTEHCUBHO 1 5 4 20
po3oBoe
BIaKHOE 5 25 — —
Bopsanucroctp C1a00 BIaKHOE 15 75 18 90
CyxoBaroe = = 2 10
prixioe 1 5 — —
Koncucrenmus cma6o ynpyroe 11 55 10 50
ynpyroe 8 40 10 50
CpepHee 3HaueHNe CBOIICTBA Msca 3,53 4,09
K ; NOR 8 40 12 60
AeCTBetpIt ymepennoe PSE 10 50 8 40
yPOBeHb CBOliCTBa
Msca Apko 2 10 — —
BbIpakeHHOe PSE
NOR 58,47 63,91
ymepenHoe PSE 49,98 57,98
BnarocBsA3sbiBaro-
1as1 CIOCOOHOCTD, i 44,09 —
% BbIpaxkeHHoe PSE
cpegHee 3HaYeHNE 52,79 61,54
NOR 25,83 22,18
epennoe PSE 27,87 25,09
IloTepu coxa yuep }I[’H
o SAPKO .
TpuBapKe, % BbIpaxkenHoe PSE 32,94
cpegHee 3HAYEHMe 27,56 23,35
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3HayeHust: pH — Ha 0,11; BarocBssbiBaolielt CiocoO6Ho-
ctu — 3,13 % u 6onee HU3KOe CpefjHee 3HAUYEHUE IIOTEPb
coka npu Bapke — Ha 0,88 %.

/13 Tabsn. 2 BUAHO, YTO CBUHMHA, IOMYYEHHAS OT XKI-
BOTHBIX, TPAHCIOPTUPYEMBIX Ha paccrosgHue 170 KM
C OTABIXOM NMesna 6ojiee BBICOKME OpPraHOJIEHNTHYECKIe
HoKasaremy — 6oJiee MIHTEHCUBHBIN LIBET, INIOTHYIO KOH-
CUCTEHLIMIO, MEHDBINYI0 BOASAHUCTOCTb M, KaK CIIEfICTBUE,
6osee BBICOKOE CpefjHee 3Ha4YeHMe CBOJICTBA Msca — Ha
0,56 1 KaYeCTBEHHbIE YPOBHI CBOJICTBA MsACA.

QyHKIMOHATbHO-TEXHONOTMYECKNE CBOJICTBA MsACA OT
OT/JOXHYBILVIX CBYHEII TaK)Xe VIMe/ 60Jiee BBICOKIE CPefi-
Hue 3HadeHy:A: pH — Ha 0,15; BlIarocBAsbIBaloIeN CIO-
cobHocTn — Ha 8,75 % u 60ee HI3KOe CpejHee 3HaYeHue
IIOTEPb COKa IIpU Bapke — Ha 4,21 %.

Ha Puc. 1 HamIAHO IpenCTaB/IeHbl Pe3yAbTaThl JIC-
CIIefJOBaHMA BIaTOCBA3BIBAIONIEN CIOCOOHOCTY CBYHVHBI
B 3aBMCUMOCTH OT PacCTOSHNA, Ha KOTOpPbIe ObIIM TpaH-
CIIOPTVMPOBAHbI )KUBOTHBIE, VI Pa3/IN4Mil UX IPeRyOOitHOIM
IIOATOTOBKIL.

Ha Puc. 1 nokasaHo, 4To mIpepy0OoiiHas BbIZEpXKKa
CBJHEII CIIOCOOCTBYET 3HAYNTETbHOMY YBEINYEHMIO BJIa-
TOCBS3bIBAIOLIEN CIOCOOHOCTH MsICa, YTO KOCBEHHO IIOfi-
TBEPXKJAET CHATHE MOCENCTBIUI TPAHCIIOPTHOTO CTpecca
JKUBOTHBIX B IIporiecce orabixa. [Tpu aTom Hambonee BbI-
PaXKEHO IIOJIOKUTENIbHOE BIIUAHME NPefyOoIHOI OATo-
TOBKJ IIPY TPAHCIIOPTUPOBAHMM CBMHEN Ha PacCTOsAHME
170 xm 1o cpaBHEHMIO — € 50 KM.

Ha Puc. 2 npepncraBneHbl pesynbTaTbl UCCHAELOBaHNA
IIOTepb COKa IIPU BapKe CBMHUHBI B 3aBUCYMOCTH OT TPaH-
CIIOPTMPOBKU ¥ HPefyOOIHOI IOATOTOBKY >KVBOTHBIX.

Ha Puc. 2 nmoxasaHo, 4To mpeny0OoiiHas BBIEpXKKa
CBMHEII CIIOCOOCTBYET 3HAYNTEbHOMY YMEHBIIEHNIO 0~
TEPb COKa IIPM BapKe M:ACA, YTO KOCBEHHO IOATBEPXKIAET
CHATYE TTOC/IEICTBUI TPAaHCIIOPTHOTO CTpecca KMBOTHBIX
B mpoljecce oTabixa. [Ipu aTom Hanbomee BBIPaXKeHO I10-
JIOXKUTENbHOE BIVSIHME IMPefyOOiHOI MOATOTOBKU IIPU
TPAaHCIOPTUPOBAHNM CBUHEN Ha paccrosiHue 170 KM 1o
CcpaBHEHMIO — € 50 KM.

Ilony4yeHHBIE pPE3yNbTAThl MCCAENOBAHMII IONIOXKM-
TEJILHOTO BIIVAHUA HPefyOOiiHO IIOTOTOBKY CBUHEI
Ha OpraHO/eNTHYeckyre ¥ (PyHKIMOHA/TbHO-TEXHOIOTH-
YEeCKME CBOVICTBA CBYHMHBI COITIACYIOTCA C pe3y/lbTaTaMu
VICC/IeIOBAaHWII OTEYeCTBEHHBIX U 3apyOeXXHBIX aBTOPOB
[7,8,11,12,13].

IlomydyeHHbBIE SKCIIEpMMEHTANIbHbIE JaHHbIE M3MEHE-
HUSA OPraHONENTNYECKUX M (YHKIMOHAIBHO-TEXHONO-
IMYeCKUX IOKas3aTesiell MbIIIEYHOV TKaHU MsACA CBUHEN
B 3aBUCUMOCTM OT TPAHCIIOPTUPOBKM U IpemyOOiTHOII
BBIIEP>KKM Ha npuMepe npepnpuAtuuii I0>xuoro Oene-
panpHOro Oxpyra OyAyT UCIIONIb30BAHBI /IS Pa3paboTKM
PEKOMEHIAIINIT 1T0 COBEPIIEHCTBOBAHMUIO NIPeRyOOItHOrO
COflep>)KaHus CBUHEI C L[eIbI0 NpefoTBpaleHns GpopMu-
poBaHuA MaAca ¢ mopokom PSE.

BriBogbr

PesynbraThl MpOBefieHHBIX MCC/IENOBAHNI OPraHOMeI-
TUYECKNX ¥ (PYHKIVMOHATBHO-TEXHOJIOTMYECKNX CBOJICTB
MmbrmeyHol Tkauyu NOR u PSE cBuHMHBI Ha MsAcomepe-
pabarpiBaonyux npegnpuATuax KOxHoro ¢depgepanbHOro
OKpyTra CBUMETEIbCTBYIOT O IIOJIOXKUTETbHOM BJIMAHUU
Ha KayeCTBO MACHOTO CBIPbA IpPefyOOiHON IOATOTOBKY

BnarocsasbiBatowas cnocobHocTb, %

50

B Oe3 oT/IBIXa

170

PaccrosiHue, Km

B ¢ OTIBIXOM

Puc. 1. BHaI‘OCBH3bIBaIO]J.laH CIIOCOOHOCTD CBUHMHBI, B 3aBUCUMOCTHU OT paCCTOAHNA TPAHCIIOPTUPOBKU U HPCI[Y60]7IHOI7[ BBIIEPIKKM JKUBOTHBIX
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JKMBOTHBIX, TPAHCIIOPTUPOBAHHBIX Ha paccrosHue 50

1 170 kM. CBMHMHA OT[JOXHYBILUX KMBOTHBIX MMeJIa:

— 6ornee BBICOKNME OpPraHONMENTHYECKMe IOKa3aTeny —
6onee MHTEHCUMBHBIN I[BET, IJIOTHYIO KOHCUCTEHIIUIO
U MEHBIIYIO0 BOIAHUCTOCTb;

— 6oree BbICOKOE CpeflHee 3HaUeHNe CBOJICTB MsACa — Ha
0,51-0,56 11, COOTBETCTBEHHO, 60j1ee BHICOKIE KAayeCT-
BEHHbIE YPOBHU CBOJICTB MsCa;

Introduction

The pork refers to the main raw materials of the meat
industry, along with beef and lamb, and plays an important
role in shaping the quality of meat products [1].

The intensification of pig breeding, wide introduction
of industrial technology of breeding and fattening of pigs,
with a highly specialized genetic orientation of breeding
animals with a high proportion of muscle tissue, their low
resistance to stress and etc., lead to the production of meat
with non-traditional characteristics in the form of PSE
pork [2,3].

The PSE pork has uncharacteristic technological prop-
erties and quality indicators, which significantly compli-
cates its use in the production of quality meat products.
The use of PSE meat leads to increasing in moisture loss
during heat treatment, pale color, the appearance of sour
taste and uncharacteristic consistency of this type of
product.

Processing of PSE pork requires additional labor, time
and material resources.

The situation is aggravated by the fact that the pig
breeding of the Rostov region of the Southern Federal dis-
trict cannot provide the population with pork for objective
reasons, primarily due to the extremely tense episodic situ-
ation by African pigs fever [4]. Meat processing enterprises
of the region are forced to purchase pigs in neighboring
regions, while the transportation of animals adversely af-
fects their condition and the quality of meat raw materials
obtained during slaughter [5,6,7,8,9,10].

That is why, the development and implementation of
measures to eliminate the reasons that cause the appear-
ance of pork with PSE defect in the transportation of pigs
from livestock farms and their pre-slaughter content in
meat processing enterprises of the Southern Federal dis-
trict is very actual.

The purpose of this work was to study the effect of
transportation and pre-slaughter exposure of pigs on or-
ganoleptic and functional-technological parameters of
pork muscle tissue in the Southern Federal district.

Materials and methods

Experimental studies of this problem were carried out
in two stages. At the first stage, pork belonging to the group
of properties on the PSE-NOR-DFD scale was established,
and at the second stage, the nutritional value and function-
al-technological properties of pork were studied.
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— 6ormee BBICOKME (PYHKIVIOHAIbHO-TEXHOMIOTMYIECKIe
CBOJICTBa — 060JIee BBICOKOE CpefjHee 3HaYeHue pH —
Ha 0,11-0,15 1 BIarocBA3bIBAIOLYIO CcrIocobHOCTh — Ha
3,13 % — 8,75 % u 6onee HU3KME CpefHIE 3HAYEHIIS
oTepu coka npu Bapke — Ha 0,88 % — 4,21 %.
[Ipeny6oitHast TMOArOTOBKAa CBMHell obecreunBasa

yIydlleHre KadecTBa MSACHOIO ChIpbsd 3a CYET CHATHUA

TPAHCIIOPTHOTO CTpecca.

The objects of research in this work were:

— pork carcasses obtained at slaughter of fattening young
pigs,
— the lumbar part of the longest muscles of the back.

Pork belonging to the qualitative groups PSE, NOR and
DFD was determined by the results of physico-chemical
(pH) and organoleptic (color, water content, consistency)
studies of technological properties of pork and the calcu-
lation of the quantitative value of meat properties (MP)
in accordance with the requirements of the «Temporary
technological instructions for the evaluation of beef and
pork by groups of properties in the PSE-NOR-DFD scale»
(Moscow, 1997).

Measurement of active acidity (pH) was performed ac-
cording to GOST 51478-99 «Test method of the hydrogen
ion concentration (pH) determination» with the help of
portable device pH meter «METTLER TOLEDO».

The visual assessment of color was carried out using
color standards.

The visual assessment of consistency was carried out by
pressing a finger on the muscle followed by an assessment
of the time and degree of disappearance of the fossa, that
occurs after pressing.

The visual assessment of water content was determined
by the degree of wetness of the filter paper applied to the
muscle.

Color, consistency and water content are qualitative
characteristics, so their transfer to quantitative levels to
determine the group of properties of pork was carried
out in accordance with table 2 of the technological in-
struction.

The total indicator of the quantitative value of the prop-
erties (MP) was calculated by the formula:

MP=-54+pH+0.60xC+ 0.25xK+0.15xV,
where:
pH — measured pH value,
C — color rating on a 9-level scale,
K — assessment of consistency with a 5-level scale,
V — assessment of water content having a 5-level scale.

The qualitative level corresponding to the calculated
quantitative value of meat properties was determined ac-
cording to table 2 of the technological instruction.

The mass fraction of moisture was determined accord-
ing to GOST 9793-74 (determination of moisture by dry-
ing in a drying case at the temperature of (150+2) °C).
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The water binding capacity was determined by the
press-method of Grau-Gamma in the modification of
VNIIMP.

The juice losses during cooking were determined by the
difference in the mass of the sample before and after heat
treatment during 20 minutes by the VNIIMP method.

Results and discussion

The slaughter of 63 goals was conducted at the meat
processing plants OOO «WEPOS-TRADING HOUSE»
(Rostov-on-don), CJSC AGROFIRM «RESPECT» (the
Rostov region, Kamensky district). For research were se-
lected pigs, delivered for slaughter and processing from
farms in Rostov region (CJSC «SKVO», CJSC AGROFIRM
«RESPECT»), Krasnodar Territory (CJSC «Granit»).

The transportation of the cattle was carried out by spe-
cial vehicles at the following distances: Rostov region —
50 km (travel time — 1.0 hour), Rostov region and Krasno-
dar territory —-170 km (travel time — 3.5 hours). Rest and
animals watering were carried out in accordance with the

Table 1. Results of organoleptic, physico-chemical
and functional-technological studies of pork obtained from
animals transported from farms at the distance of 50 km

Indicators depending on
the pre-slaughter content

without rest  with rest
Characteristics 2 s g <
& R2aS oA 2
: E§= T €=
E g® F g
e &% 85 &%
= & = - @ =
Number of animals 12 100 11 100
Average pH24 5.48 5.59
Pale 2 17 — —
Color Pale pink 4 33 2 18
Pink 6 50 9 82
Watery 2 17 2 18
Wet 6 50 3 27
Watery .
Slightly wet 4 33 5 46
Dryish - = 1 9
Loose 2 17 1 9
Consistency Weakly elastic 6 50 3 27
Elastic 4 33 7 64
The average value of properties of meat 3.26 3.77
NOR — — 4 36
Level of quality Medium PSE 10 83 7 64
roperties of meat i
prop Brightly ) 17 . .
expressed PSE
NOR — 61.29
. L. Medium PSE 53.94 52.03
Moisture binding Brightl
capacity, % rightly =
S expressed PSE S0
Average 52874 55.4
NOR — 21.68
Medium PSE 23.91 24.73
The loss of juice B ‘u htl
during cooking,% rightly —
8 &% expressed PSE 27.49
Average 24.5 23.62

technological instructions for acceptance and pre-slaugh-
ter preparation of cattle (Moscow, 1995). At the same time,
in order to obtain experimental data on the effect of pre-
slaughter content on the functional-technological proper-
ties of meat, the slaughter of pigs. transported at the dis-
tance of 50 and 170 km was carried out without resting
animals, «from the wheels.»

A day after the slaughter, the samples were isolated for
analysis from the lumbar part of the longest back muscle
from the chilled carcasses saved in the cooling cases (tem-
perature 0-4 ° C and moisture 90%).

According to the results of physico-chemical (pH) and
organoleptic (color, water content, consistency) studies of
pork properties and calculation of the quantitative value of
meat properties (MP), there was established that the pork
belonging to the qualitative groups on a 5-level scale, as
well as functional- technological properties of pork.

According to the results of monitoring, there was
formed the data bank of organoleptic and functional-
technological indicators of pork muscle tissue from pigs,

Table 2. Results of organoleptic, physico-chemical
and functional-technological studies of pork obtained from
animals transported from farms at the distance of 170 km

Indicators depending on
the pre-slaughter content

without rest  with rest
Characteristics < 2 g <
S22 5 £2
S T = T
5% 2% S &%
Number of animals 20 100 20 100
Average pH24 5.58 5.73
Pale yellow 1 5 - =
Pale 1 5 — —
Color Pale pink 5 25 4 20
Pink 12 60 12 60
Intensely pink 1 5 4 20
Wet 5 25 — —
Watery Slightly wet 15 75 18 90
Dryish - = 2 10
Loose 1 5 — —
Consistency Weakly elastic 11 55 10 50
Elastic 8 40 10 50
The average value of properties of meat 3.53 4.09
NOR 8 40 12 60
Level of quality Medium PSE 10 50 8 40
properties of meat Brightl
expresgse(tl }I”SE 2 0 -1 -
NOR 58.47 63.91
Moisture binding Mi::;;: tll;SE 4998 >7:98
capacity, % el 44.09 =
Average 52.79 61.54
NOR 25.83 22.18
The loss of juice M;(iliu?llt lPSE 27.87 25.09
during cooking,% expresie d }I;SE 32.94 —
Average 27.56 23.35
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entering the meat processing enterprises of the Southern
Federal district. The data bank includes studies of 63 pork
samples.

he processed results of studies of organoleptic, physico-
chemical and functional-technological studies of pork ob-
tained from animals transported from farms at different
distances are presented in the Table 1 and Table 2.

From Table 1. we can see, that pork obtained from ani-
mals transported at the distance of 50 km with rest, had
higher organoleptic characteristics — more intense color,
dense consistency, less watery and, as a consequence, a
higher average value of meat properties — 0.51 and quality
levels of meat properties.

Functional-technological properties of meat from
rested pigs had higher average values: pH-0.11; moisture-
binding capacity-3.13 % and a lower average value of juice
losses during cooking—-0.88 %.

From Table 2. we can see, that pork obtained from ani-
mals transported at the distance of 170 km with rest, had
higher organoleptic characteristics — more intense color,
dense consistency, less watery and, as a result, a higher av-
erage value of meat properties — by 0.56 and qualitative
levels of meat properties.

Functional-technological properties of meat from rest-
ed pigs also had higher average values: pH-0.15; moisture-
binding capacity-8.75 % and a lower average loss of juice
during cooking-4.21 %.

On the Figure 1 the results of the study of the pork
moisture-binding capacity depending on the distance to
which the animals were transported, and the differences in
their pre-slaughter preparation are clearly presented.

On the Figure 1 it is shown, that the pre-slaughter ex-
posure of pigs contributes to a significant increase in the
moisture-binding capacity of meat, which indirectly con-
firms the removal of the consequences of transport stress
of animals during rest. At the same time, the most pro-
nounced positive effect of pre-slaughter preparation in the
transportation of pigs at the distance of 170 km in compare
with 50 km.

On the Figure 2 there were presented the results of the
study of the juice loss during cooking of pork depending
on the transport and slaughter of animals training.

On the Figure 2 it is shown that pre-slaughter ex-
posure of pigs contributes to a significant reduction in
juice losses during the meat cooking, which indirectly
confirms the removal of the effects of transport stress
of animals during rest. At the same time, the most pro-
nounced positive effect of pre-slaughter preparation in
the transportation of pigs at a distance of 170 km in com-
pare with 50 km.

The results of the studies of the positive effect of pre-
slaughter pigs on organoleptic and functional-technolog-
ical properties of pork are consistent with the results of
studies of domestic and foreign authors [7,8,11,12,13].

The obtained experimental data on changes in organ-
oleptic and functional-technological parameters of the
muscle tissue of pig depending on the transportation and
pre-slaughter exposure on the example of enterprises of
the Southern Federal District will be used to develop rec-
ommendations for improving the pre-slaughter content of
pigs in order to prevent the formation of meat with PSE
defect.
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Figure 1. Moisture binding capacity of pork, depending on the distance transportation and pre-slaughter of animals
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Figure 2. Loss of juice during the pork cooking, depending on the distance of transportation and pre-slaughter exposure of animals
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Conclusion

Research results of organoleptic and functional-
technological properties of muscle tissue NOR and
PSE pork at the industrial enterprises of the Southern
Federal district show a positive impact on the quality
of raw meat slaughter preparation of the animals, trans-
ported to a distance of 50 and 170 km. Pork rested ani-
mals had:
— higher organoleptic characteristics — more intense col-

or, dense consistency and less watery;

— higher average value of meat properties — by 0.51-0.56
and, accordingly, higher quality levels of meat proper-
ties;

— higher functional-technological properties — higher
average pH — 0.11-0.15 and moisture-binding capac-
ity — 3.13 %-8.75 % and lower average values of juice
loss during the cooking-0.88 % — 4.21 %.
Pre-slaughter preparation of pigs provided the im-

provement of meat raw materials quality due to removal

of transport stress.
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