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B aKCMepuMMeHTe MCcNonb30Bann 06pasybl roBAUHbLI CTEMEHENH MPaMOPHOCTU «yMEPEHHAasA» N «xopollas» (nN=4),
NosIoBMHY 06pa3L,0B YNakoBbiBaAN B MOJIMMEPHYIO NEHKY NOJ BaKyyMOM, MOMIOBUHY OCTaBAANIN B HEYyNaKoBaH-
Hom Buge. Co3peBaHMe NPOBOAUNN B KAMEPE XPaHEHUSA OX/TaXAEHHOro msaca npu temnepartype 2+1°C notHocu-
TeNbHOW BNaxHOCTU He 6onee 90 % B TeueHne 4, 16 1 28 cyToK. B npouecce co3peBaHUs FOBAAUHBI UCCNe0Banun
BeIMUYNHY PH, opraHonenTuyeckmne nokasatesn ypoBHSA KayecTBa WM CBEXECTU, MUKPOCTPYKTYPHbIe XapakTepu-
CTUKWU, ycunne pesaHns. Mo opraHonenTUYeCKMM MoKasaTesiIiM CBEXeCTU BHe 3aBUCUMOCTM OT CTereHun mpamop-
HOCTM Ha 28 CYTKW rossiiuHa B HeyrnakosaHHOM BMU/e MMefa NPU3HaKM HeCcBeXero Msca, B ynakosaHHbIX 06pas-
Lax OTK/IOHEHW He ycTaHOBNeHO. OpraHofenTnyeckas oLleHKa YpOBHA KayecTBa CBUAETeNbCTBOBAMA O BbICOKMNX
rnokasaTenix BapeHoro msca v 6y/fibOHa B Te4eHMe BCero BPEMEHWN cCO3peBaHMUA A8 YNaKOBAaHHOIo Maca U B Te-
yeHne 16 CyTOK ANA HeynakoBaHHOro BHe 3aBUCUMMOCTU OT YPOBHA MpPaMOpPHOCTU. B pesynbTaTe rucrtonoru-
YeCKMX McCnefjoBaHU YCTAHOBEHO, YTO C YBe/IMYEHNEM CpPOKa CO3peBaHWA TOBSAMHbLI YyCUNMBaNca xapakTtep
[eCTPYKTUBHBIX U3MeHeHUI TkaHel. O6pasLbl yNnakoBaHHOW roBAAUHbI, KaK C MPaMOPHOCTbIO «XopoLuas», Tak
N «yMepeHHas», Ha 16 1 28 cyTKM COOTBETCTBOBANN BTOPOMY W TPeTbeMY 3Tany Co3peBaHUA mMAca, N3MeHeHNs
HeynakoBaHHO roBAANHbI Ha COOTBETCTBYOLLME CYTKWN CO3peBaHUS Bbli MeHee BbipaXKeHbl. Pe3ynbTaTbl nccne-
[0BaHUA YCUNNA pe3aHNa CBUAEeTeNbCTBOBaIN O TOM, YTO B TeYeHMe BCero HabngaeMoro nepnoja cospesaHunsa
NnPoOnCcXoanN0 NOCTeNeHHOe CHUXXEeHNE YCUNNA Pe3aHns.
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In the experiment, beef samples were used with the marbling scores «moderate» and «good» (n=4). Half of the

samples were packaged in a plastic film under vacuum, while the rest ones were left unpackaged. Agingwas carried

outfor 4, 16, and 28 days in a storage chamber at atemperature of 2+ 1°C and a relative humidity of not more than
90 %. During beef aging, pH, sensory indicators of quality and freshness, microstructural indicators, and shear
force were evaluated. Regardless of the marbling score, on day 28, sensory indicators of unpackaged beef had the
signs of non-fresh meat, while the packaged samples had no deviations. Regardless of the marbling score, sensory
evaluation indicated the high quality of boiled meat and broth during the entire aging period for packaged beef
and during 16 days for unpackaged beef. Histological studies found thatwith the increase in beefaging period, the
destructive changes in tissues increased as well. On days 16 and 28, samples of packaged beef, both with marbling
score «good» and «moderate», corresponded to the second and third stage of meat aging. Changes in unpackaged
beef at the corresponding days of aging were less pronounced. The results of a shear force study indicated that,
during the entire observed aging period, a gradual decrease in shear force occurred.
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1. BBepeHue

N B APYTUX CTpaHax) 1 Apyrux. 310 CBA3aHO C TEM, YTO MpamMop-

Bnarogaps pasBUTUIO MPOWU3BOACTBA FOBAAMHBLI B Poccumn
B MocnefiHMe rofbl pa3BMBaeTCs TaKXKe Ky/bTypa noTpebneHus
mMsaca. OgHMM N3 HEMaIOBaXHbIX MPOLECCOB, MONYYMUBLLUMX pac-
npocTpaHeHWe B Hallel cCTpaHe, ABASeTCA A/MTeNlbHOE co3pe-
BaHMe roBaauHbl. Bnarogaps 4NNMTeNbHOMY CO3PeBaHUI0 MOXHO
NoNyYnTb BbICOKOKAYECTBEHHbI MPOAYKT, 061afatoLWmii oTany-
HbIMW OpPraHoNenTUYECKUMUN XapaKTepUCTUKaMM U BKYCOBbI-
MW cBOWCTBaMU. Tak Kak AMTeNlbHOe CO3peBaHUEe — MpoLece,
TpebyoLWwmii 601bLINX 3aTpaT 3HEPTMX U CTPOroro cobngeHms
BCEX PEXWMOB, 06bIYHO CO3PEBAHMIO MOABEPraldT CbipbE BbiC-
el LLeHOBOM KaTeropum, B YaCTHOCTU, BbICOKOKAYECTBEHHYHO
MpamMopHYyto roesanny [1,2].

Mony4yeHne Tako roBAAMHbI BO3MOXHO TO/IbKO OT crnewuu-
aNn3NpPOoBaHHbIX MSICHbIX MOPOJ KPYMHOro poraToro ckoTa:
NnpenMyLL,ecTBEHHO abepauH-aHIycCcKoii, repedopackoin, Bary
(Hanbonee pacnpocTpaHeHa B HAMOHWMKW, HO BblpaliMBaeTCs

ANAa UMTUPOBAHNA: Kosblpes U.B., MutTenbiteiiH T.M., KysHeuosa T.I,
MuenknHa B.A., CnupugoHos KW., JlncnubiH A.b. BinsaHme cteneHn mMpamopHo-
CTVW rOBAAMHbBI Ha NOKa3aTe/ v KayecTsa B MpoLiecce co3peBaHUs. MiLLeBble CUCTe-
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HOCTb 00YyC/oOBNeHa, Npexae BCero, reHeTU4YecKon npegpacno-
NIOXKEHHOCTbIO — C HEM CBA3aH LeNbli psaj reHoB, HO Hanbonee
XenaTenbHbIM 415 NOABNEHUS MPaMOPHOCTU ABNAETCA FrEHOTMN
GG reHa GH. 1ns nony4eHUs BbICOKOKAYeCTBEHHOW FOBAAVHbI
MCNOMb3YOT 6bIYKOB U TENIOK B BO3pacTe OT 8 MecsALeB 40 ABYX
neT, 6bIYKOB-KacTpaToB B Bo3pacTe oT 8 o 30 mecsues [3].

Takxe AN9 NONYYeHUNS FOBAANHbBI C BBICOKMM YPOBHEM Mpa-
MOPHOCTUW flaXe OT reHeTUYEeCKU NpPeapacrnooXeHHbIX K 3TOMY
nopos Heo6XoAMM 3aKMUUTENbHbIA BbICOKOIHEPreTUYeCKUn
(3epHOBOIN) OTKOPM B TedeHue He MeHee 100 gHel. PaumnoHbI
OTKOpPMa MOTyT ObITb Pa3fIMYHbLIMU B 3aBUCUMOCTU OT PETMOHa,
MOTYT 6bITb UCMNOMb30BaHbl KYKypy3a, OBEC, AYMEHb U Apyrue
3epHOBbIE KY/bTYpbl.

O6LWEeNPMHATO MUPOBOM MPaKTUKOM ABNAETCA BbICO-
Kas Ky/nbTypa MpPOM3BOACTBA BbICOKOKAYECTBEHHOW FOBAAUHbI
M BHeApeHMe CUCTEMbI MPOCIEXMNBAEMOCTM «OT NONS A0 Npwu-

FOR CITATION: Kozyrev L.V., Mittelshtein T.M., Kuznetsova T.G., Pchelki-
na V.A,, Spiridonov K.1., Lisitsyn A.B. Influence of beef marbling score on quality
indicators during meat aging. Food systems. 2018; 1(3): 13-26. (In Russ.). DOI:
10.21323/2618-9771-2018-1-3-13-26
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NaBka» — HauuHasa ¢ nogbopa XWMBOTHbIX U NPUXU3IHEHHOM
OLEeHKN UX NPOAYKTUBHOCTU U 3aKaH4YMBas yNnakoBaHHOW Npo-
OYKUMe.

Co3peBaHMe MsACa — BaXHbI nNpoLecc B NOAFOTOBKe Msca
AN KY/IMHAPHOI0 MUCMN0/1b30BaHUA, KOTOPbIA NPOUCXOAUT Npuv
BblAepXXKe Ty (NoNyTyLl, YeTBEPTMH, OTPYHOB) Nocne y6os Xu-
BOTHbIX C CO6M0AeHNEM OMNpeaeneHHbIX YCNoBuiA. B pesynbtaTe
CO3pEeBaHUSA YCUIMBAKTCA HEXHOCTb, COYHOCTb, cneuudunye-
CKUI NPUATHBIN BKYC 1 apomaT Msca.

Co3peBaHMe mMsAca nNpeacTaBnseT coboM HavasbHYHO CTaguio
aBTONM3a, T.e. 06ycnoBNMBaeTca AeATeNbHOCTbIO (DEPMEHTOB
camoro msca. Npu 3TOM BaXXHO He fonycKaTb Pa3BUTUA HeXe-
natenbHOM MMKPOMAopbl, hepMeHTbI KOTOPO TaK)Ke MOTYT Bbl -
3bIBaTb /IM3UC KNETOUHbIX CTPYKTYP XXUBOTHbIX TKaHEW N pac-
naj nNuLLeBbIX BELLECTB.

Cpa3sy nocne y60a MACO HaxoguTcsa B NapHOM COCTOSAHUMU,
KOTOpOe Mo Mepe CHWMXeHWs TemnepaTypbl MbILLL, NepexoamnT
B MOCMEPTHOE OKOYeHeHMe. PasBUTUE COCTOAHUA NOCMEPTHOIO
OKOYeHEHUS CMeHSeTCA ero paspeLleHeM 1 Havyanom co3peBa-
HNA MAca.

Mpu co3peBaHMM NPOUCXOAAT CMOXHble OGUOXUMUYECKMe
npoLeccbl, NPUBOAALLNE K N3MEHEHUIO (PUNKO-XUMUYECKNX,
CTPYKTYPHO-MEXaHNYECKNUX N OPraHonenTUYEeCKNX XapakTepu-
CTUK Msca [4,5,6].

MapHbIM cuyMTaeTcs MACO, MOJyYEeHHOe HenocpefCcTBEHHO
nocne y6osl, nmetouiee Temnepatypy He Huxke 35 °C B ntoboii
TOUKe n3MepeHus. MNMapHoe MACO XapaKTepmn3yeTcs MATKOM KOH-
cucTeHUMen Mol Ero cnoco6HOCTb yAepXXuBaTb codepKally-
l0CcA B HEM Bnary MakcumasabHO BbiCOKa. Apomat 1 BKYC Bblpa-
»eHbl cnabo. BennumHa pH napHoro msca coctasnser 6,8-7,3.

MocmepTHOE OKOYEHeHWE B FOBAAMHE (4N1A MsAca B NONyTy-
Lax) Ha4yMHaeTcsa NPUMepHO Yepes 34aca nocne ybos. Passutume
MOCMepPTHOro OKoYeHeHUA Npu Temnepatype 0-4 °C gocturaet
CBOEro MakcMmyma K 24 yacam ¢ MOMeHTa y605. Msico B cOCTOA-
HNU NOCMEPTHOIO OKOYEHEHUSA XapaKTePU3yeTCs MOBbILLIEHHOR
YKECTKOCTbO, MMHMMaIbHOW CNOCOBHOCTLIO YAEPXKMBATL BRary,
M Hanbonee HU3KUMU 3HaYeHNAMN pH (418 rOBAAMHBI, KakK npa-
BMNo, pH cHuxaeTcs Ao 5,5), UTo yxyALlaeT ero opraHonenTuye-
CKUEe XapaKTePUCTUKMU.

MpumepHO yepes 48 yacoB nocne y6oa NocmMepTHOe OKouYe-
HEHVe nepexoguT B CTaauio paspewleHus. Mpn HopmMasbHOM
TeyeHUN aBTONM3a pH He3HauYMTENbHO YBENNYMBaeTCH, BNaro-
yAep>XmnsaroLyas cnocobHOCTbL BO3pacTaeT. BmecTe ¢ aTUM Hauu-
HaeTCa NpoLecc CO3PeBaAHUSA M YyULLEHUA OPraHoNenTU4eCcKmnX
CBOWCTB MsACa, B TOM YMUC/le, KOHCUCTEHL MW, BKYCa U apoMaTa.

CKOpOCTb CO3peBaHUSA Msca 3aBUCUT KaK OT aHaTOMMNYECKO-
ro NPOUCXOXAEHUSA, TUNA MbILWLbI, KOIMYECTBA MOSIOYHON KUC-
N0Tbl N FNIMKOTeHa TakK U OT BHeLWHMX (DaKTOPOB, FMaBHbIMU U3
KOTOPbIX ABNSETCA TEMNepaTypa OKpYyXalLlen cpefbl, yCoBUs
Tenso- n MacconepeHoca.

FoBagmHa (B nonyTyllax) cuMTaeTCca CO3PEBLUEN He MeHee,
yem yepes 5-7 cCyTOK ee xpaHeHUA npu Temnepatype 0-4 °C.
K aTOMy MOMEHTY pas3BuTue aBTon3a NPUBOAUT K 3HAYMMbIM
NONOXNTE/IbHbIM U3MEHEHMAM KadecTBa Msaca —Habogaetcs
3aMeTHOE CHUKEHMeE XeCTKOCTH, ynyulleHne apoMaTa 1 BKyca.
OfHako co3peBaHMe Msca MOXET MPOAO/IKATLCA AOCTATOYHO
LONT0 B 3aBMCMMOCTWU OT XeslaeMOW CTEMNEHW BbIPaXXeHHOCTU
OpraHoNenTUYeCcKMX xapakTepucTuk. Tak, Hanpumep, psag uc-
cnefoBaHWM, Mokasann, YTO CO3peBaHMe FOBAAMHbLI LEenecoo-
6pasHo g0 10-14 cyTok, NpW 3TOM JasibHelLlero yny4iieHus
OpraHoNenTUYeCKMX XapakTePUCTUK He OTMevanocb. bonee
Nno3gHMe mnccnefoBaHUA MoKasann pesynbTaTbl, NO3BOMABLUNE
peKkoMeHA0BaTb CPOK CO3peBaHUsA roBAAMHbI A0 25-30 cyToK
n 6onee.

Ba)KHO MOHMMAaTb, YTO pe3y/ibTaT OPraHoNenTUYECKUX W3-
MEHEHMU, NPONCXOAALLINX B MSCe MPU CO3peBaHNN, 3aBUCUT He
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TONbKO OT AINTENbHOCTM CaMOro CO3peBaHMsA, HO U OT XapakTe-
pa npoTekaHWA aBTonn3a. Hamnyywumin pesynbtaT cO3peBaHuUs
LOCTVKUM TOMbKO ANA TOBAAWHbBI, MNOMYYEHHOW OT XXUBOTHbIX,
COAEPXKAaBLUMXCA B HaAnexawinx ycnoBusax, Npv rnpasBuibHOM
M ryMaHHoOM obpaLleHnm ¢ HUMN 0 MOMeHTa y60s. MNpun oTkNo-
HEHMWN OT Hajfexawimx Npou3BoACTBEHHbIX MPaKTUK, BUOXU-
MUNYECKME N3MEHEHWSA, NMPOXOASLLIME B MsICE NPW aBTO/IN3E, MO-
ryT CyLLLeCTBEHHO OT/INYATLCSA, KaK N0 BPEeMeHU 1 NO XapakTepy
MX NPOTeKaHWSA, TaK 1 N0 KOHEYHOMY pe3ynbTaTy, NPuBoAsLLe-
MY K HeyJ0B/IeTBOPEHHOCTM NOTPebuUTeNs.

B MpOMbILLIEHHbIX YCNOBUSAX CO3peBaHMe MsAca (B Mony-
Tywax) npoBoAaT npu Temnepatype 0-4 °C U OTHOCUTE/NIbHOW
BNaXXHOCTW BO3ayxa 85 % He meHee yeM B TedeHUe 3 cyTOK. 3a-
TEM ero HanpasfAT Ha peann3aunio NIn BbIpaboTKy MACHOMN
npoayKummn. B aTuxX ycnoBuax noTepu maccbl MoayTyLl MUHU-
MasibHbl 1 COCTaBNAT He 601ee 3% OT Maccbl NAPHO TyLLN.

B 3apy6eXXHON npakTuke 419 NonyyYeHUs roBaguHbel ¢ 0TAU-
YNTE/IbHBIMW OpPraHonenTUYecKUMMN CBOMCTBAMU MPUMEHSIOT
cnenytoume cnocobbl ee ANUTENbHOr0 CO3peBaHUSA:

O dry-ageing («cyxoe co3peBaHue») — B MOMYyTyLUIaX, YeTBep-
TUHax n oTpybax Ha KOCTU B HeyrnakoBaHHOM BuAe, NoABe-
COM UAWM Ha cTennaxax (nonkax) npwu Temnepatype 0-4 °C
M OTHOCUTE/IbHOM BNaXHOCTW BO3AyXa He BbiLle 75 %;
wet-ageing («BnaxHoe co3peBaHue») —B 0TPybax Ha KOCTU
1N 6ECKOCTHBbIX, B yrNakoBaHHOM Buae (C MpUMeHeHUeMm He-
NPOHULLAEMbIX MJIEHOYHbIX MaTepwuasnos, MNoj BaKyyMOM)
npn Temnepatype 0-4 °C, oTHOCUTEeNbHAsA BNaXHOCTb BO3-
Ayxa NPUHLUUNNANBLHOIO 3HAYeHUSA He UMeeT, Tak Kak KOH-
TaKT BO3jyXa C NMPOAYKTOM WUCK/OYeH, yNakoBaHHOe MSACO
packnagbiBatoT B O4MH PSS Ha NOMKax UK CTeNnnaxax.
Co3peBaHMe TOBAAMHbI BO3MOXHO MPOBOAUTb B TeyeHue
ONNTENbHOro BPEMEHU NPU YCIOBUM UCKIKOYEHNSA OMacHOCTel,
CBAA3AHHbIX C PUCKaMM MUKPOBMONOTNYECKOro XxapakTepa: Ans
nepBoro cnoco6a —3a cYeT OrpaHUYeHns BNaXKHOCTU 1 06pa3o-
BaHMA MOACOXLLEro NOBEPXHOCTHOrO CNOSA MACA 3HAUYUTENbHOM
TONLWMHBI; A9 BTOPOro crnoco6a — 3a cyeT YNakKoBKWU, NPensaT-
CTBYHOLLEN Pa3BUTUIO aspobHOI MUKpodopbl. Kak npasuno,
co3peBaHue Msica NPOBOAMTCHA B MPOU3BOACTBEHHbIX YCNOBU-
AX B X0N0AMUbHbIX Kamepax. K KOHLY cpoKa co3peBaHMs MACO
OTNPAaBAAKT B TOProBYHO CeTb, rAe OHO NPOAO0/HKaeT XPaHUTLCA
NPW aHaNOrNYHbIX YCNOBUSAX.

XoTa B INTepaTypHbIX AaHHbIX MMeloTcs 3apyb6exHble ny-
61MKaLnnM 0 KayecTBe Msica A/INTe/IbHOro CO3peBaHus, O4HaKo
OHW HEMHOTOYUMC/EHHbI U OTHOCATCA K MACY, NONYYEHHOMY OT
onpeeneHHbIX MOPOA KPYNMHOI0 pOraToro CKoTa 1 yCcnoBuam nx
BblpallMBaHuA U y60s B ApYrmx cTpaHax. B cBA3W ¢ aTUM, uccne-
[OBaHMe KayecTBa POCCUMNCKOro Msca ANNTeNbHOMo CO3peBaHus
NpeAcTaBAAN0 HAYYHbI U MPaKTUYECKUIA NHTepEC.

B 3apgayuun nccnefoBaHUs BXOANNO:

Ha OCHOBaHMKM KOMMN/EKCHbIX UCCNef0BaHWI caenaTb BbiBO4,
0 NOTPebUTEeNbCKUX CBOMCTBAX FOBAANHbLI Pa3HOW CTeneHn
MPaMoOpHOCTY;

M3yuYnTb W3MeHeHWe OpPraHofeNTUYECKUX, CTPYKTYpPHO-
MeXaHNYeCKMX U TMCTONOTMYECKNX CBOMCTB FOBAAVHBI pas-
HOI CTeneHn MPamMOpPHOCTY B NMPOLLECCe CO3PEBAHUS;
onpeaennuTb ONTUMAalbHbIA CPOK CO3peBaHWUA TFOBAAMHbI
pa3HoW CTeneHn MPaMOpPHOCTMN B yNakoBaHHOM U Heyrnako-
BaHHOM Buze.

MaTtepnanbl n MeToAbl

DKCNEepPUMEeHT Mo CO3peBaHUi0 MPOBOAWNAN Ha CMIMHHOM OT-
py6e roBaanHbI Ha KOcTu (N=4), NoNy4YeHHbIX NPU pasgenke Tyl
KPYMNHOro poratoro Ckota — KacTpaTtoB abepAMHO-aHIyCCKOWM
nopogbl (black angus) B Bo3pacTe 18 MecsALeB, MOJyYaBLUUX
B TeueHume 200 aHeln 3epHOBOM OTKOPM. Y604 1 NepBUYHYIO Me-
pepaboTKy TyLU OCyLLecTBASAAN B ycnoBuax OO0 «bpsiHckas Msc-
Hasa komnaHua» (AMNX «Mupartopr»), BpsiHckas o6nacTb. OTpy6bI

O
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BblAeNnann yepes 48 yacos nocne y6os. CospeBaHue roBaguHbl
NPOBOANNM B YNAaKOBAHHOM WM HEYyNakoBaHHOM BUAe B Kamepe
XPaHEeHMs OXNaXKAEHHOW NPOAYKLUMW Npy Temnepatype 2+1°C
M OTHOCUTE/IbHOW BNaXXHOCTWN He 60s1ee 90 % B TeueHMe 28 CYTOK.

CTeneHb MpPamMOpPHOCTU  OMpeAensnn BU3yaslbHO N0
FOCT 33818-2016 «Msaco. loBAaMHa BbICOKOKa4yeCTBEHHaS.
TexHuYecKne ycnoBus».

M3mepeHre BeNMUMHBI pH ocyLLLecTBNAAN NOTEHLMOMETPU-
YeCKMM MeTOLOM C UCNOoMb30BaHUeM nopTaTuBHoOro pH-metpa
«Testo 205». Mpn NpoBeeHNUN U3MePEHNIA 3NEKTPOA Norpy>anm
B TOJILLLY MbILLEYHOM TKaHW Ha rNy6uHy He MeHee 3 CM. 3a OKOH-
yaTefbHbIl pe3ynbTart NpUHUMaNU cpefHee apuMeTUYecKoe
3HayeHVe Tpex eAUHUYHbIX U3MEPEHU, PacXOXaeHWe Mexay
npegenbHbIMU 3HAYEHUAMU TPeX pe3ysibTaToB U3MEPEHUN He
npesbiwano 0,15 eauHuy, pH.

OnpegeneHne CTPYKTYPHO-MeXaHUYECKUX XapaKTepucTuk
MbILLIEYHOMN TKaHU OCYLLECTBAANN C MOMOLLbIO UCMNbITATeNIbHOM
MalKnHbl «Shimadzu» cepumn AGS-X, npegHasHa4YeHHON AN n3-
MEPEHUS CABUTOBbIX, MOBEPXHOCTHbIX U KOMMPECCUOHHbIX Xa-
pakTepPUCTUK. Bce namepeHms NpPoBOAMINCH C YeTbIPeXKPaTHOM
NMOBTOPHOCTbIO. 3a OKOHYaTeNbHbIA pe3ynbTaT NMPUHMMAaNoCh
cpefHee apUMeTNYECKOE 3HAUYEHME MPU YPOBHe A0BEPUTENb-
HoW BepoAaTHOCTK P >0,95.

MccnepoBaHne MMKPOCTPYKTYPbl 06pasL,oB NpoBoANAN NO
FOCT 19496-2013 «Msco 1 MACHble NMPOAYKTbl. MeTog rncro-
NIOrMYecKoro nccnegoBaHua». Ana nccnefoBaHUs OT KaXKAOro
obpasuya oTémpanm Kycovek pasmepom 2x1,5x0,5 cm. Kycoukm
nomewiann B 10 %-1 BOAHbIA pacTBOpP popmanvHa Ha 72 4yaca
Nnpn KOMHaTHOI TemnepaType. 3aTeM NPOMbIBanu NOJ X004~
HOV NPOTOYHOW BOAOW B TedeHUe 12 yacoB. MNpomMbITbIA MaTe-
pvan knanu B opmbl, 3anmsann 25 %-m xenaTMHOM 1 nome-
wann B TepmocTart npu temnepatrype 35 °C Ha 12 4yacoB g4
NPOMNUTKN.

Mony4yeHHbI KycoUYeK NoMeLLann B 3aMOPaXKMBAIOLLYHO Ka-
Mepy MUKpoToM-KpuocTtatata «MIKROM-HM525» (Carl Zeiss,
FepmaHnA) Ha NpeAMETHOM CTO/IMKe. 3amopaXknsanu Npu Tem-
nepatype mmHyc 20 °C B TeyeHune 15-20 MWUH v U3roTasaneanun
cpesbl TONWMHOK 20 MKM.

Okpalwumsann cpesbl FEMaTOKCUAIMHOM Jpamxa U [AoKpa-
wmsann 1%-M CBEXenpuroToBieHHbIM BOAHO-CMUPTOBbLIM
pPacTBOpPOM 303MHa, 3aTeEM 3akK/oyanu nof NOKPOBHbIE CTeKa
B MNNLEePUH-XKeNaTuH.

N3yueHune rmcTonormyecknx npenapaTos 1 nx gotorpadu-
poBaHMe OCYLL,EeCTBAAMN HA CBETOBOM MMKPOCKoMe «Axiolmaiger
Al» (Carl Zeiss, l'epmaHus) ¢ MOMOLLbIO NOAKTOYEHHOW BUAe-
okamepbl «AxioCam MRc 5». O6paboTKy M306paeHMn Npo-
M3BOAMNNN C MPUMEHEHWNEM KOMMbIOTEPHOM CUCTEMbI aHanusa
n3obpaxeHnin «AxioVision 4.7.1.0», aganTupoBaHHOW AN ru-
CTONIOrNYECKNX UCCNef0BaHUIA.

OpraHonenTUyeckne mnccnefoBaHUs U onpefeneHne ypos-
HA KayecTBa 06pasL,0B nocne BapKm oueHmBanm no 9-6annbHoOM
wkasne B cooteTcTBUU ¢ TOCT 9959-2015, nccnegosaHus cee-
XKECTU roeauHbl nposoannu no NOCT 7269-2015.
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3. Pe3synbTaTbl N 06CYy>KAeHUE

B pe3ynbTate OLEHKM MPamMOPHOCTM YCTAHOBNEHO, YTO
06pasLbl XapaKTepmn3oBaancb CTENEHAMN MPaMOPHOCTU «yMe-
peHHas» n «xopowas» (Tabn. 1). HeynakoBaHHble 06pasubl
o603Hayann Kak 1-1 (MpamopHOCTb «xopowas») u 2-1 (mpa-
MOPHOCTb «YMEPEHHas»), yNaKoBaHHble Mo BaKyyMoOM B MO/U-
MEPHYI MAeHKY — KakK 1-2 (MpaMOpPHOCTb «xopoLuas») u 2-2
(MpPaMOpPHOCTb «yMEPEHHas»).

Ha npoTaxeHWn BCEro BPEMEHW CO3PEeBaHWUSA BeNYUNHA
pH roBsaauHbl ocTaBanack ctabunbHoi (Tabn. 2). 1o 06bsAcC-
HAM0Cb TEM, YTO CYLLLECTBEHHbIE M3MeHeHUA pH HabngatoTeA
B roBajunHe B Nepsble 4 CyTOK nocsne y60s. 3aTem B npotiecce
JanbHelillero xpaHeHUs MsfAca BenMumMHa pH ocTtaeTca cTa-
6UNbHOW, MOXeT HabnpaTbCcsl MeANeHHbIA POCT B pesynb-
TaTe THWUIOCTHOM MOPYM U HaKOMAeHUs NPOAYKTOB pacnaja
6eN1K0B, MMEKLWNX LWenodHy peakuunto. CtabunbHocTb pH
B Mpouecce NpoBefeHUS UCCNefoBaHWA CBUAeTeNbCTBOBaNA
0 HOpMa/sbHOM pa3BMTUK npolecca co3peBaHns mAca. Crta-
6MNbHOCTb BeNMUYMHbI PH B NpoLiecce coO3peBaHNs 0TMevaeTcs
M B paboTax Apyrux mccnegosateneit, Hanpumep, Hulankova

nap. [4]

Tabnwuua 2
BennumnHa pH 06pa3u,oB B npoLiecce co3peBaHUSA
CpoK co3peBaHUs, O6pasyp
CyTKM 1-1 1-2 2-1 2-2
4 5,50 5,52 591 5,90
16 5,61 5,60 5,90 5,87
28 5,61 5,61 5,90 5,85

Mo opraHoNenTUYeCKUM NoKa3aTeNnsiM CBEXECTU (BHELLHUIA
BMA U LBEeT NMOBEPXHOCTU, COCTOSIHME MbILLL, Ha pa3pese, KOH-
CUCTEHULMSA, 3amnax, COCTOSIHME XMPa, NPOo3pavyHOCTb U apomat
6yNbOHA) roBsifMHA pPas3HoM CTeMeHW MpPamMOPHOCTU B yMako-
BAHHOM W HeyMnakKoBaHHOM BWAe MPeNMYLLLeCTBEHHO COOTBET-
cTBOBasna cBeXxemy mMsacy. OfHaKo BHe 3aBUCMMOCTU OT CTene-
HM MPaMOpPHOCTW roBsIANHA, CO3peBaBLUasi B HeynakoBaHHOM
BMAe, Ha 28 CYTKM MMefia OTK/IOHEHMWS MO OpraHoNenTUYeCKUM
nokasaTtenam csexecTu. OTMeYeHO, YTO Ha paspese MACO 6blno
MeHee M0THOe, MeHee yrnpyroe, o6pasyroLlascs npyu Hajasau-
BaHUW ManbliemM siMKa BblpaBHUBanacb MeAfleHHee; OTMEeYEHbI
TakXe KMUCNOoBaTbllAi, He CBOICTBEHHbIV CBEXeEMY MsCy, 3amnax
M MYTHOBaTbI OYNbOH.

AHanu3 JaHHbIX OPraHoNenTUYeCcKOW OLIEHKU YPOBHSA Ka-
yecTBa roBsiAMHbLI B MPOLLECCE CO3PEBAHUA MOKasa, YTo nocsne
BapKy 06LLias OLleHKa KavecTBa No 9-6annbHOM WKane Ha 4, 16
CYTKW CO3peBaHus A1 YyNnakoBaHHOM Noj BaKyyMOM FOBAAUHbI
C MPaMOpPHOCTbIO «xopollas» (obpasel, 1-2) U «ymepeHHas»
(obpasey, 2-2) cocTtaBuna 8 6annoB («oHeHb Xxopollee») (Tabn. 3),
Nnpu 3TOM Ha 28 CyTKM Hab10Aan0Ch YBEMYEHEe HEXXHOCTU C 8
[o 9 6annos. O6LLas opraHonenTUYeckas oLeHKa 6ynboHa co-
cTaBuna 8 6annoB («04eHb XopoLmnii») (Tabn. 4).

Tabnuua 1
XapaKTepucTuka MpaMopHOCTM 06pasL,oB
Mokasatenu HanmeHoBaHue 1 HoOMep o6pa3ua
1-1 1-2 2-1 2-2
«XopoLuaa» «XopoLuasa» «YMepeHHas» «YMepeHHas»
J[L0N51 XXMPOBbIX BKOUEHWNTA, % 23,54 20,43 10,98 11,82
¢cmurry

doTorpadum MblLLeYHbIX F1a3KoB
o6pa3yos
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Tabnuua 3

OLeHKa YPOBHSI Ka4ecTBa YNakoBaHHOM Moj BaKyyMOM roBsiiHbI Moc/sie BapKu no 9-6anibHOM LiKane

Ne Cpok OugeHKa NpoayKTa no 9-Tu 6as1bHOM cncTeme
n/n co3peBaHUA o
o6pasLa BHeLLHWIA BUA, 3anax (apomar) Bkyc KoHcucTeHUuA
9
1 4 cyTOK 9 OueHb NPUATHBIN 8 8
Yy OueHb NPUATHbINA p - BKycHoe HexxHasa
apoMaTHbI, CUNbHbIN
9
9 - 8 8
2 16 cyTOK < OuyeHb NPUATHBLIN,
OueHb NPUATHbIN o o BkycHoe HexHas
apoMaTHbI, CUNbHBbIN
8 9 8 9
3 28 cyTOK OueHb XODoLLIMI OueHb NPUATHBIN, BKYCHOE OueHb
p apoMaTHbIA, CUNbHbIA Yy HeXHas
OueHKa ypoBHs KauecTBa Oy/1iboHa Mo 9-6an/bHOM LiKane
No Cpok OueHKa NpoayKTa no 9-T1 6anbHON cnucTeme
nn CO3peBaHnA BHeLHW1IA BUg, 3anax (apomar) Bkyc
9 9 8
1 4 cyTOK < o < < <
OuyeHb NPUATHLIN MPUATHLINA, apOMaTHbIN, CUNbHbLIN BKYCHbIN
2 16 cyToK 9 8 8
Yy OueHb NPUATHbINA MpUATHLIA, apoOMaTHbIN, CUbHbI BKyCHbI
3 28 cyTOK 9 8 8

OueHb NPUATHbIN MpUATHLIA, apOMaTHBbIN, CUMbHbI BKyCHbI

CO4YHOCTb

8
Cou4Hoe

8
CouHoe

8
Cou4Hoe

HasapucTocTb

8
HaBapucTblii

8
HaBapucTblii

8
HaBapucTblii

KayecTBa

8
OuyeHb xopolLlee

8
OueHb xopoLiee

8
QOuyeHb xopolLlee

Tabnuua 4

O6LLpsA oLeHKa
KayecTBa

8
OueHb XOpoLUNiA

8
OueHb XopoLUniA

8
OueHb xopoLunii

O6LWas oeHKa KavecTBa roBsijMHbI NOC/e BapKu Mo 9-6annb-
HOI WwkKane Ha4, 16 cyTKM co3peBaHns 415 HeynakoBaHHOM ro-
BAAMHbI C MPaMOPHOCTbIO Xopoluas (obpasel, 1-1) n ymepeHHas
(ob6pasey, 2-1) cocTaBuna 8 6annoB («oHeHb Xxopoluee») (Tabn. 5),
Npun 3TOM Ha 28 CyTKM HabNofanocb yMeHbLUEHME HEXXHOCTH C 8
40 7 6annos. O6Lan opraHofenTUYecKas oueHkKa 6ynboHa Ha 4,
16 cyTKM co3peBaHMsA cocTaBmia 8 6ann0B («0OHEeHb XOPOLUUIA»),
HO K 28 cyTKaM OHa CHu3unacb go 5 6annos (Ta6n. 6).

Mony4yeHHble pe3ynbTaTbl cornacytoTcs ¢ pabotamu gpyrmux
aBTOpOB. Tak, Berger n ap. [7], usy4asa Tpu pasHbix cnocoba co-
3peBaHVs —B YNaKoBaHHOM Mof BaKyyMOM BUze, B ynaKoBaH-
HOM B BO34YXOMPOHMLLaeMbI NakeT BUAe (KOMOUHMPOBaHHbIM
crnoco6), B HeynakoBaHHOM BuAe — OTMeTU/IN, YTO FOBAAMNHA,
co3peBaBLLas B Te4eHMe 7 CYyTOK nocne y60si B HeyrnakoBaHHOM
BUAE U KOMBMHMUPOBaHHbLIM cnocobom, obnafana 6osee BbiCO-
KUMW OpraHonenTUYecKMMWN XapakKTepuUCTUKaMu, 4em cospe-
BaBllaA B ynakosaHHOM Buge. Npu aTom B obpasuyax, cospe-
BaBLUINX KOMOWHMPOBAHHbLIM CMOCOG0M, OTMeYeHa MeHbluas
noTeps Bnaru, 4em y o6pasu,0oB, CO3peBaBLUNX B HEYNaKOBaHHOM

BMAe. Hawnm akcnepMMeHTOM He nNpeaycMaTpmMBanocb co3pe-
BaHVe KOMBMHUPOBaAHHbLIM CMOCO6G0M; 3TO MOXeT NPeACTaBNATb
WHTepec A9 AanbHERLLNX nccnefoBaHnii.

Moxoxune pe3ynbTaTbl 6blAM MOAYYEHbI aMepPUKaHCKUMU
uccnegosatenamu Colle u ap. [8]. Ix paboTa 6bina Hanpasne-
Ha Ha A/INTeNIbHOE co3peBaHMe CTEMKOB U3 ABYT/1aBOM MbILLILbI
6eapa (m. biceps femoris) n nonynepenoHyaTol MbiLwLblI 6eapa
(m. semimembranosus). Co3peBaHMe NPOBOAUIN B TeueHUe 2,
14, 21, 42 n 63 gHel, BO BCeX CNy4vasaX OTMeYeHO MOBbILLEHUE
HEXHOCTW, COYHOCTW, YNy4lleHWe OpPraHoNenTUYECKUX Xa-
pakTepucTuk. MImn e nposegeHa pa6oTa [9] no m3yyeHuto
rnokasaTenew KayecTBa CTEMKOB U3 cpeAHeN AroANYHON MbiLL -
ubl (M. gluteus medius) 1 nosicHMYHOM Mbiwybl (M. longissimus
lumborum) B TeueHue 2, 14, 21,42 1 63 gHeii. OTMeUYeHO ynyu-
LeHNe OpraHonenTUYeCcKMX XapakTepUCTUMK BO BCeX MUCCNeno-
BaHHbIX 06pasLax; NoflyYeHHble AaHHbIE MO YCUINI0 pe3aHus
CBUAETeNbCTBOBAIN O TOM, YTO A/151 CTEMKOB U3 cpefHeli iro-
AWNYHOW MbILLLbI OHO CHMXXanocb He3HaYUTesIbHO Ha MpoTs-
>XEHUWN BCEro BPEMEHMW CO3peBaHUs, TOraa, Kak Ana CTeMKoB

Tabnuua 5
OugeHKa YpOBHSI KauecTBa HeynaKoBaHHOM roBsiiHbI Mocse BapKM No 9-6a//1bHO LKane
Ne Cpok OLeHKa NpoayKTa rno 9-1m GasbHOM crcTeme O6L|Jﬁ$| OLeHKa
nn COo3peBaHnA BHeLUHWMIA BUA, 3anax (apomar) Bkyc KoHcucteHumst Co4HoCTb Ka4ecTea
9
9 o 8 8 8 8
! 4 cyTok OueHb NPUATHBIN OteHb NPUATHLIA, CouHoe OueHb XopolLuee
p apoMaTHbIiA, CU/bHbIN BKycHOe HexHas p
7
2 16 cyToK 9 8 8 8 [ocTaToyHo 8
Yy OueHb NPUATHBIN MPUSATHBIN, CUNbHBIN BKycHOe HexHas COUHOE OueHb Xopoluee
6 3 6 7 6 7
3 28 cyToK HepocTtaTtouHo MpuATHLINA, HepocTtatouHo JocTato4Ho HepocTtatouHo Xoboliee
XOpOoLUnii CUNbHbI BKYCHOE HeXHas COYHOE p
Tabnuua 6
OueHKa ypoBHS KayecTBa Oy/1boHa Mo 9-6a1/1bHOM LWKane
Ne Cpok OueHKa nNpofykTa no 9-tm GasIbHOM crucTeMe O6|_|Ja;| oLeHKa
nn Co3peBaHnA BHeLLHWI BUA, 3anax (apomar) Bkyc HaBapucTocTb Ka4ecTea
9 9 . 8 8 8
1 4 cyTOK o o MPUSATHBIN, H o o .
YeHb NPUATHbI ApPOMATHBIiA, CUNbHBIN Ky CHBIA aBapuCTbIit YeHb XOpOoLUniA
2 16 cyTOK 9 I'Ipvm%HbuZ 8 8 8
OuyeHb NPUATHLIN ApPOMATHBIiA, CUNbHbITA BKyCHbIN HasapucTbiin QOueHb xopoLuni
6 3 3 6 5
3 28 cyTOK HepocTtatouHo HeMHOro HenpuATHbIA, HeMHOro HeENPUSATHbI HepocTtato4Ho Cpennss
XOpOLNiA, MyTHOBaTbI NOCTOPOHHUIA NOCTOPOHHUIA HaBapuCTbI PeA
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M3 NOACHWYHOM MbIlLbl OTMEYEHO CHWXEHME yXe K 21 OHIo
co3peBaHUA.

Pe3ynbTaTbl FUCTONOrMYECKNX WCCNef0BaHUI CTPYKTYpbI
06pasLoB roBagMHbI Pa3HOM CTENEHM MPaMOPHOCTY B NpoLiec-
ce co3peBaHUsa npegcTaBneHbl B Tabn. 7 v Tabn. 8 Ha Puc. 1-12
(cospeBaHMe B HeynakoBaHHOM Buae) M 13-24 (co3peBaHue
B YMaKoBaHHOM BUfe).

Tabnuua 7

PesynbTaTbl TMCTONOIMYECKUX UCCNEf0BaHUI 06pasLLoB

B HeynakoBaHHOM Buje

MpamMopHOCTb
«xopowasa»
(o6pasey 1-1)

MpamMopHOCTb
«yMepeHHasa»

amn (o6pasey 2-1)

PucyHok 3. MonepeyHsblii cpes

PucyHok 1.MonepeyHslii cpes

PucyHOK 4. MpofonbHbINi cpe3

PucyHoK 2. MpogonbHbIi cpes

PucyHok 7. lMonepeuHblii cpe3

PucyHok 5. MornepeuHblii cpe3

PucyHOK 8. MpoAonbHbINA cpe3

PucyHoK 6.MpofoMbHbIN cpes

PucyHok 11. MonepeyHblii cpe3

PucyHok 9. MonepeuHblii cpes

PucyHok 10. MpofonbHbIli cpe3  PucyHok 12. MpofonbHbIN cpes
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Mpy rMcToNoOrnMyeckom wuccnefoBaHUM CTPYKTYpPbl 06pas-
LOB Ha 4 CYTKW CO3peBaHUS YCTAHOB/EHO, YTO BCce 06pasybl
(1-1, 1-2, 2-1 n 2-2) NMeT CX0AHble MUKPOCTPYKTYPHblE
XapakTepucTuKU. Ha nonepevyHoOM cpese MbilleyHble BOIOKHA
XapaKTepu3yrTca YNJAOTHEHHOM YNaKoBKOW B NMy4ykax NepBoro
nopsgka. ®opmMa BOIOKOH NOMUTOHaNIbHAA UM XKe cnabo oKpy-

Tabnuua 8
Pe3ynbTaTbl FTMCTONOMMYECKNX NCCNefoBaHNN 06pa3L,oB
B ynakoBaHHOM Buae

MpamMopHOCTb
«Xxopouwasa»
(o6pasey 1-2)

MpamMopHOCTb
«yMepeHHasa»

amn (o6pasey, 2-2)

PucyHok 13. MonepeuHblit cpe3  PucyHok 15. MonepeyHblii cpes

4
PucyHok 14. MpoaonbHbIi cpe3s  PucyHOK 16. MPoaosnbHBbINA cpes
16 PucyHok 17. MonepeuyHsblii cpe3  PucyHok 19. MonepeyHslii cpes
PucyHok 18. MpofonbHbIli cpe3  PucyHok 20. MpofonbHbIl cpes
|
LY H B 1
»8 PucyHok 21. MonepeyHblii cpe3  PucyHok 23. MNonepeyHblii cpes
n * 3 r
-11 By

PucyHoK 22. MpofonbHbIli cpe3  PUcyHOK 24. MpofonbHbIlj cpes
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rnas. MNpocnovkn 3HAOMU3NA XOPOLUO BblpaXeHbl, FpaHuLbl
MeXAy OTAeNlbHbIMU MbIeYHbIMY BO/IOKHaMW ycTaHaB/nuMBa-
toTcs 6e3 0cobbIX 3aTPyAHEHU. lnaMeTp MbllLleYHbIX BOIOKOH
55-60 MKM.

Ha npofonbHOM cpese MbllleyHble BO/IOKHA MPenMYyLLLEeCT-
BEHHO CMPSMMEHHbIe, HO NMPUCYTCTBYIOT N BONHUCTON (hOPMbI
(cTagusa paspeleHNs NOCMEPTHOrO OKOYeHeHUA). MonepeyHas
MCYEepYeHHOCTb XOPOLUO BblpaXkeHa. B oTAenbHbIX BOJIOKHAaX
06HapyXMBaKTCA Y4YaCTKMU C HaInymeM MpPOLONbHOW mcyep-
YEeHHOCTW, CBUAETENLCTBYIOLWME O HAJIMYMWN 30H COKPALLLEHUS.
AApa B MbILLEYHbIX BO/IOKHAaX XOPOLIO OKpalluBalTCA, UMEKT
0BasibHYH0 (DOPMY U pacrnonararTca HeEMNOCPeACTBEHHO NOA cap-
KONEMMOIA.

CoefNHNTE/IbHOTKAHHbIE MPOCMONKN MNEPUMUINSA BOMHU-
CTble, MNOTHO MPUEraKwT K NyYKaMm MblLLeYHbIX BONNOKOH. Aapa
B COEANHUTENbHOTKAHHbIX MPOC/A0KaX OTYET/IMBO BbIABAAKOTCSA
Ha npenapate. MexXay NyykamMmy MblLLeYHbIX BOJIOKOH B obnac-
TAX NEPUMMU3NA BbISABNAIOTCA YHACTKN XXNPOBOWM TKaHU, NMEID-
Lme TUNMYHOE TMCTONIOTMYECKOE CTPOEHME.

DYHKLNOHAIbHOE COCTOSSHME MbILIEYHOW TKaHU A0CTaTou-
HO OfHOTUMHOE. MNPUCYTCTBYIOT EANHUNYHbBIE NOMEPEYHbIE MU-
KPOTpPeLMHbl, eAUHUYHbIE YYacTKU C NI0KaJlbHbIM pacnagom
capkomepoB. lMoBpexaeHW capkonemMMbl, AeCTPYKLUUN MUO-
nbpunn N paspbiBOB MbILLEYHbIX BONOKOH He 06Hapy»XeHo.
MunKpOCTPYKTypa 06pa3u,0B COOTBETCTBYET CBEXEMY MSACHOMY
Cblpblo MepBoOro aTana cospesaHus (Puc. 1-4 n Puc. 13-16).

Mpn rMcToNOrM4ecKoM mccnefoBaHUM CTPYKTYpbl 06pasLLoB
Ha 16 CyTKM co3peBaHMUs YCTAHOB/IEHO, YTO B ob6pasLax Hey-
nakoBaHHOW roBsiguHbl 1-1 n 2-1 HabnwogatloTca cnegyowme
MUKPOCTPYKTYpPHble M3MeHeHUs. Hapagy ¢ BblpaXeHHOW no-
NnepeyHoOM NUCYEPUEHHOCTbID B HEKOTOPbIX MbILUEYHbIX BOSOK-
Hax MPUCYTCTBYIOT YUYacTKWN CO CraXeHHOM MUCYEPUEHHOCTbIO.
OKpackKa BO/IOKOH HepaBHOMepHas. Afpa B MbILLEYHbIX BOJIOK-
Hax TeHeBUHbIEe, XyXe MO CPaBHEHMIO C COOTBETCTBYHOLLLUMU
obpasyamm Ha 4 CyTKM co3peBaHUs AndepeHLNpYyIOTCa Ha
npenaparte. B MbIlWeYHbIX BOSIOKHAX MPUCYTCTBYOT MHOXECT-
BeHHble TMOMepeyvyHo-LeNeBUAHbIE HapyLUeHUSA LLe/IOCTHOCTU,
elMHNYHble paspbiBbl U hparMeHTauunsa. BecTpeyvaroTes yyacTkum
C OTC/IOEHMEM CAPKOIEMMbI, & TaKXe C paspyLUeHNEM BHYTPEH-
Heli CTPYKTYpbl BONIOKHA (N0OKanbHbIV pacnag capkoMmepos). Ha-
6nofaeTcs paspbiXneHue CoefNHUTENbHOTKAHHbIX MPOCNoeK
nepummsnsa. MMKpoOCTPYKTypa 06pasLLoB COOTBETCTBYET CBEXE-
MY He noanexatiemy AMTeIlbHOMY XPaHEHNIO MACHOMY CbipbiO
Hauyana BTOporo atana cospesaHus (Puc. 5-8).

B o6pasyax 1-2 n 2-2 ynakoBaHHOM roBAANHbI U3MEHEHWNS
B CTPYKTYpe TKaHel 60/1ee BblpaXeHbl. B MblLLEeYHbIX BOTOKHAX
NPUCYTCTBYIOT 60/bLLNE YUACTKU CO Cr/IaXXeHHOW NCYEepUYEeHHO-
CTblO. AApa TeHEBUAHbIE, B HEKOTOPbIX BO/IOKHAX B COCTOAHUN
MOJIHOroO pacnaja. B MbllLeYHbIX BOIOKHaX NPUCYTCTBYIOT MHO-
>KECTBEHHble TMOrMepeyHo-LWeNneBnaHble HapyLIeHUSA LLenocT-
HOCTU W paspbiBbl, hparMeHTaums ¢ 06pasoBaHMEM MeXAay
thparmMeHTamMmM MeNKO3epHWUCTOM 6eKOBOW Maccbl. BcTpeua-
HOTCA MPOAO/MKUTE/IbHbIE YHACTKN C OTC/I0OEHVEM CapKOJIeMMbl,
a TakXxe € paspyLleHneM BHYTPEHHEN CTPYKTYpPbl BONOKHa (n10-
KanbHbI pacnag capkomepos). Habnwopgaetcs paspbiXieHue
COeANHNTENIbHOTKaHHbIX NMPOC/I0eK NEPUMMN3USA, HA HEKOTOPbIX
yyacTKax X OTC/I0eHWE OT MbILLEYHbIX BOJIOKOH. MUKPOCTPYK-
Typa 06pa3u,0B COOTBETCTBYET CBEXXEMY MACHOMY CbIpblO cepe-
OVHbI BTOpPOro atana co3pesanusa (Puc. 17-20).

Mpn rMcTONOrMYecKoM MccneoBaHUN CTPYKTYpbl 06pasLLoB
Ha 28 CyTKW CO3peBaHUs YCTAHOB/IEHO, YTO BO BCex ob6pasuax
YCUINBAKOTCA ACTPYKTUBHbIE M3MEHEH WS TKaHElA.

B HeynakoBaHHbIX 06pa3yax 1-1 n 2-1 nonepeyHas ncuep-
YeHHOCTb MPUCYTCTBYET HE HA BCEM MPOTAXEHUWN MbILLEYHOrO
BO/IOKHA, MecTaMu crnaxeHa. OkKpacka BOJIOKOH ocnabneHa,
HepaBHOMepHasa. A4pa B MblleYHbIX BO/IOKHAaX TEeHEBUAHbIE
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WA B COCTOSHMM Moforo pacnaga. OTMe4YeHO yBenMYeHue
No CPaBHEHMIO C COOTBETCTBYHOLWMMN o6pasuamn Ha 16 cyT-
KN CO3peBaHUSA paspbiBOB MblLLEYHbIX BO/IOKOH U parMeHTa-
Lunn ¢ obpasoBaHMem mMexay parMeHTaMn MeKO3epHUCTOMN
6€e/1KOBOM Maccbl. BcTpeyalTcs y4yacTKM C pPa3BO/IOKHEHUEM,
OTC/IOEHUEM U OEeCTPYKUMEN CapKO/eMMbl, a TaKXe C paspy-
LIeHNEM BHYTPEHHe CTPYKTYpPbl BONOKHA (NI0KanbHbI pacnag
capkomMepoB). CoeANHNTENbHOTKaHHbIE MPOCAONKM NepuMu-
318 pa3pbIX/eHbl, MECTAMW OTMeEYaeTCcs OTCNOEHME UX OT Mbl-
LUIEYHbIX BOSIOKOH, MPUCYTCTBYIOT OYaXKN MUKpOdIopbl. Aapa
Xyxe AndpdepeHumpytoTea Ha npenapate. MUKpOCTPYKTypa
06pa3LoB COOTBETCTBYET MACHOMY CbIpbl0 COMHUTE/IbHOW
KaTeropmm CcBeXecTM OKOHYaHWA BTOPOro 3tana Co3peBaHUs
(Puc. 9-12).

B o6pasyax 1-2 1 2-2 B 60/1bLLUINHCTBE MbILLEYHbIX BOJIOKOH
MCYEPYEHHOCTb CriaxeHa. Aapa TeHeBUAHbIe, B HEKOTOPbIX BO-
NIOKHax B COCTOSAHUM NOMHOro pacnaja. B MbleyHbIX BOTOKHAX
NPUCYTCTBYIOT MHOXECTBEHHbIE pPa3pbiBbl N parMeHTaums
C pacxoxaeHnem parmMeHTOB M 0o6pasoBaHUEM MeXAY HUMU
MefIKO3epHUCTOM 6enKoBOM Macchbl. BcTpedaroTcs npoao/ku-
TeNlbHblE YYaCTKM C OTCNOEHWEM CapPKO/IEMMbI, a TakXe C pas-
pyLleHeM BHYTPeHHel CTPYKTYpbl BOIOKHa. O6Hapy>XmnsaeTcs
pacnag oTAenbHbIX hparMeHTOB Ha MMON6pUNLI, a MUogun-
6pWAN — Ha CapKOMepbl B BMAE 3ePHUCTOM MacChbl, MecTamMu
3aK/I0YEHHOW B 3HAOMU3NNA. COeANHUTENbHOTKaHHbIE MpPO-
CNOVKM NEPUMM3NA pa3pbixfieHbl, HA6MAAeTCA UX OTC/NI0EHME
OT MbILLEYHbIX BOIOKOH. /I3MeHEHUSA B CTPYKTYpe TKaHel cooT-
BETCTBYIOT CBEXEMY He MoAnexatliemy ANNTeNbHOMY XpaHeH IO
MSICHOMY CbIpbtO TPeTbero atana cospeBaHus (Puc. 21-24).

B pe3ynbTaTe rmMcTonornyeckmx nccnegosaHnii yctaHoBAEHO,
4YTO C YBE/IMYEHUEM CPOKA CO3PeBaHUA FOBAAUHbLI YCUNMBAETCA
XapakTep AeCTPYKTUBHbIX U3MEHEHW TKaHen. O6pasLibl yrnako-
BaHHOW roBsAMHbI, KaK C MPamMOPHOCTbIO «xopoluas» (1-2), Tak
M «yMepeHHas» (2-2), Ha 16 n 28 cyTKM COOTBETCTBOBa/IN BTOPO-
My U TpeTbeMy aTany co3peBaHusa mAca no FOCT 19496. Coipbe
0CTaBasioCb CBEXMM Ha MPOTSHXKEHUN 28 CYTOK.

M3meHeHNa HeynakoBaHHOW TrOBSAWHbLI, KakK C Mpamop-
HOCTbIO «xopoLwuasi» (1-1), Tak 1 «yMmepeHHas» (2-1), Ha COOTBET-
CTBYHOLLME CYTKUN co3peBaHns (16 1 28 cyTKM) MEHee BbIPaXeHbl.

PesynbTaTbl uccnegoBaHuna ycunmsa pesaHma (Tabn. 9
n Tabn. 10) cBnAeTensCcTBOBAIN O TOM, YTO B TeYeHUe BCero
Habn4aemMoro nepnoja co3peBaHUsa NPOUCXOAMII0 NOCTENEH-
HOE CHWXEHWe YCUNUSA pe3aHus, YTO CBUAETEeNbCTBYeT O pas-
MAryeHnm msaca. OgHako, B OTAENbHbIX Cny4vasx, ycunme pesa-
HUA Ha 6051ee NO34HEM 3Tane co3peBaHMA ObINO Bbille, HEM Ha
npegbigyuiem. 3T0 MOXHO 06bACHUTL OCOGEHHOCTAMMN CTPOe-
HWA MPaMOpPHOro Msca, B COCTaBe MbILLEYHON TKaHU KOTOPOro
Haxo4ATCsA MHOXeCTBeHHble BK/IHOUYEHUSA XXMPOBOM TKaHW. Ha 4
1 16 cyTKuM co3peBaHUA B CpefHeM NoKasaTesn XECTKOCTU ro-
BAAMHbI YNakKoBaHHOW MoA BakKyyMOM umenn 6onee HU3KMe
3HAYEeHMA, YeM Y HeynakKoBaHHOW roBAAMHbI, YTO TFOBOPUT
0 60/bLel 3chheKTMBHOCTM CO3peBaHNSA Msica B yNaKoBaHHOM
Bnae. OgHako, Ha 60/ee NO34HUX CPOKax CO3peBaHUs, ANHa-
MUKa CHWXEHNSA YCUNINSA pe3aHUs 1Y YNaKoBaHHOW roBAANHbI
CHU3MNach.

B pa6ote A.N. Lepper-Blilie [10] n gp. Takxke BbIsiB/ieHa
obpaTHas KOppensuMoHHas 3aBUCUMMOCTb MeXAy YCuanem
pe3aHUs U BPeMEeHEM CO3pPeBaHMA, COrnacHO 3TUM [aHHbIM,
CTENEeHb CHWKEHUS YCUNUSA pe3aHns He 3aBucenia HU OT YacTu
TYLLIW, HM OT cnoco6a co3peBaHUsA, HU OT MpamopHocTU. OfHaKo,
B pa6oTe Yuan H. Brad Kim n gp. [11], umeloTcs gaHHble O TOM,
4YTO ycuaune pesaHusa yepes 17 CyTOK co3peBaHUS 6bl10 HUMXKe
Yy ynakoBaHHbIX 06pa3u0B B CPaBHEHUW C HeymnakoBaHHbLIMU,
4YTO CBUAETENLCTBOBASIO O 60see 6bICTPOM CO3PeBAHNIN B YNAKO-
BaHHOM Buge. L. Clay Eastwood u gp. [12] oTmeuatoT Takxke, 4To
yCuAne pesaHnsa 3aBMCcUT, B TOM YUC/E N OT TOFO, B KAKOM BuAe
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Tabnuua 9
Pe3ynbTATbl ccnegoBaHmA yCUINA j3eBaHUSA 06pasL,oB
B HeyrnakKoBaHHOM BULe

“ g v MpamMOpHOCTbL «xopoLuas» MpamMopHOCTb «ymMepeHHan»
1 @ -4 (o6paszey 1-1) (o6pasey, 2-1)
n a u
E A
1\
4 r \
[ 1
11 K
O 6 12 18 24 30 36 42 48 54 60 70
Bpems(cek)
§ 25
16 [¢]
20 ) / 1
n 1l
15 a \
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s 1, ]
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28 6

0 6 12 18 24 30 36 42 48 54 60
Bpems(cek)

70 0 6 12 18 24 30 36 42 48 54 60

Bpems(cek)
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NPOXoANT co3peBaHMe —TakK, AN15 06pasLLoB, CO3peBaBLUINX B OT-
py6ax, ycunune pesaHusa 6b110 HUXe, Yem Aans obpasLos, co3pe-
BaBLLUMX B BuAe nonygabpukaros (cteikos). Fumiko LWa v gp.
[13] ycTaHOBUAN, YTO YyCU/IMEe Pe3aHUA N HEXHOCTb FOBAAUHbI
C BbICOKOV CTeMeHbld MPamMOPHOCTU CTabunusnpyeTcs B Teve-
Hue 20 CcyTOK co3peBaHud, TOTAa TaK y/y4lleHne BKycoapoma-
TUYECKUX CBOVCTB NPOAO/HKAEeTCSA BMNAOTb A0 60 ryTOK.
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Ta6nnua 10
PesonbTatbl nccnegoBaHMsA ycunma pesaHnso6pasL,os
B ynakoBaHHOM Buae

K

i

3

MpamMopHOCTb «xopoLuas»
(oOpas8y 1-2)

MpamMopHOCTb «yMepeHHas»
(o6paszey 2-2)

H

1 \
//ﬁﬂ
/1

28
1 11
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0 6 1218 24 30 36 42 48 54 60 70 0 6 12 18 24 30 36 42 48 5460 70
Bpems(cek) Bpemsi(cek)
4. BbiBOAbI

Cnoco6 co3peBaHWsi OKasblBaeT GOMbLUOE BAUSHUE Ha MO-
KasaTe/In KauecTBa roBAAWHbI (MUKPOCTPYKTYpY, opraHosnen-
TUUYECKME U CTPYKTYPHO-MOXaHMWYecKue CBOICTBA) BHE 3aBU-
CUMOCTU OT CTEMEeHN MPaMOPHOCTU. He ycTaHOB/IEHO BAUSIHUE
M3YUYEHHbIX CTeneHeli MpamMopHOCTM b. 4ora «ymepeHHas»
N «/0POLLBS»> Ha CPOKM CO3PEBaHUNS FrOBAANHBI.

M M W X M W W W oWwow oW oW X MW W W MM XKW W MW W KK W W XK TW WX MM W'
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1. Introduction

Due to the development of beef production in Russia, the
culture of meat consumption has also been developing in recent
years. One of the important processes that have spread in our
country is a prolonged beef aging. Due to prolonged aging, it is
possible to obtain a high-quality product with excellent sensory
indicators and taste properties. Since prolonged aging is a pro-
cess that requires high energy consumption and strict adherence
to all condition requirements, usually it is used for raw materials
of the highest price category, in particular high-quality marbled
beef [1,2].

The production of such beefis possible only with specialized
cattle meat breeds: predominantly Aberdeen-Angus, Hereford,
Wagoo (most common in Japan, but also grown in other coun-
tries) and others. This is due to the fact that the marbling score is
primarily determined by genetic factors: a number of genes are
associated with it, but GG genotype of the GH gene is the most
desirable for marbling. For the production of high-quality beef,
bulls and heifers are used of 8 months to 2 years old, as well as
steers of 8 to 30 months old [3].

Also, to obtain beefwith a high marbling score, even from ge-
netically predisposed breeds, high-energy (grain) finishing diet
is required for at least 100 days. Feeding diets may be different
depending on the region, so corn, oats, barley and other cereals
can be used.

The generally accepted world practice is a high culture of
high-quality beef production and the introduction of «From
Field to Fork» traceability system —from the selection of ani-
mals and their antemortem productivity assessment to pack-
aged products.

Aging is an important process in meat production for cook-
ing, which occurs when carcasses (half-carcasses, quarters, cuts)
after slaughter are exposed to certain conditions. As a result of
aging, meat tenderness, juiciness, specific pleasant taste and fla-
vor increase.

Meat aging is the initial stage ofautolysis, so it is determined
by the activity of the endogenous enzymes. It is important not
to allow the growth of undesirable microflora, the enzymes of
which may also cause lysis of cellular structures in animal tis-
sues and breakdown of nutrients.

Immediately after slaughter, the meat is hot, and then the
temperature of muscles decreases with the onset of rigor mor-
tis. The development of rigor mortis stops with the beginning of
meat aging.

During aging, complex biochemical processes occur, leading
to a change in physical and chemical properties, structural and
mechanical properties and sensory indicators of meat [4,5,6].

Meat obtained immediately after slaughter with a tempera-
ture of at least 35 °C at any point of measurement is considered
«hot». Hot meat is characterized by a soft muscle texture. Its
ability to hold the moisture contained in it is as high as possible.
Flavor and taste are poorly expressed. The pH value of hot meat
is 6.8 to 7.3.

Rigor mortis in beef (for meat in half-carcasses) begins
about 3 hours after slaughter. The development of rigor mor-
tis at a temperature of 0 to 4 °C reaches its maximum by 24
hours from the moment of slaughter. Meat in the state of rigor
mortis is characterized by increased toughness, minimal wa-
ter-holding capacity, and the lowest pH values (for beef, as a
rule, the pH decreases to 5.5), which deteriorates its sensory
indicators.

Approximately 48 hours after slaughter, rigor mortis passes
into the resolution stage. During normal autolysis, pH slightly
increases, and water-holding capacity rises too. At the same
time, aging process begins, which improves the sensory indica-
tors of meat, including texture, taste and flavor.
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The rate of meat aging depends on both endogenous factors,
1 e. type of muscles, the amount of lactic acid and glycogen, and
exogenous factors, the main of which are the ambient tempera-
ture and the conditions of heat and mass transfer.

Beef (in half-carcasses) is considered aged after its storage at
atemperature of 0 to 4 °C at least for 5 to 7 days. By this time, the
development of autolysis leads to significant beneficial changes
in the quality of meat, i.e. decrease in toughness, improved flavor
and taste. However, meat aging may take long time depending on
the desired degree of sensory indicators. For example, a number of
studies have shown thatbeefaging for up to 10 to 14 days is advis-
able, while with longer period no further improvement in sensory
indicators is noted. Later studies showed that a period ofbeefag-
ing up to 25 to 30 days or more may be recommended.

It is important to understand that the result of changes in
sensory indicators during meat aging depends not only on the
duration of aging itself, but also on the nature of the autolysis.
The best aging result is possible only for beef obtained from
animals maintained in proper conditions, with the correct and
humane handling until the slaughter. Deviations from the good
manufacturing practices may cause significant changes in bio-
chemical processes that occur in meat during autolysis, both in
time and in nature, as well as in the final result leading to con-
sumer dissatisfaction.

In industrial conditions, meat aging (in half-carcasses) is
carried out at 0 to 4 °C and 85 % relative humidity for at least 3
days. Then it is transferred for sale or production of meat foods.
Under these conditions, the weight loss of half-carcasses is min-
imal, i.e. not more than 3% of hot carcass weight.

In foreign practice, to obtain beefwith distinctive sensory in-

dicators, the following methods of its prolonged aging are used:
O dry-aging —in half-carcasses, quarters and bone-in cuts in
unpackaged form, suspended or on shelves (racks) at 0 to 4 °C
and relative humidity not more than 75 %;
wet-aging —in bone-in and boneless cuts, in packaged form
(with the use of impermeable film materials, under vacuum)
at a temperature of 0 to 4 °C; the relative humidity does not
matter, since the contact with air is excluded; packaged meat
is laid in one row on shelves or racks.
Beefaging may be carried out for a prolonged time provided
that hazards associated with microbiological risks are excluded:
for the first method, by limiting humidity and creating a dried
surface meat layer of significant thickness; for the second meth-
od, by packaging, which prevents the development ofaerobic mi-
croflora. Typically, meat aging in industrial conditions is carried
outin cooling rooms. By the end ofaging, meat is transferred for
sale, where it continues to be stored under similar conditions.

Literature data contain foreign publications on meat quality
after prolonged aging, however, they are few and refer to meat
obtained from certain breeds of cattle and certain conditions of
their growth and slaughter specific to other countries. In this re-
gard, the study of the quality of Russian meat after prolonged
aging is of scientific and practical interest.

The objectives of the study were:

O on the basis of complex studies, to draw a conclusion about
the consumer properties of beefwith various marbling scores;

O to study the change in sensory indicators, structural and me-
chanical properties ofbeefwith various marbling scores dur-
ing the aging process;

O to determine the optimal aging period for beef with various
marbling scores in a packaged and unpackaged form.

2. Materials and methods

The experiment on aging was carried out on in-bone dorsal
beef cut (n=4), obtained during the cutting of cattle carcass-
es from Aberdeen-Angus breed (black angus) at the age of 18
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XapaKTepucTnka MpaMopHOCTM 06pasLLoB

Parameters
1-1
Good
Proportion of fat inclusions, % 23.54

Pictures of muscle samples

months fed with grain diet during 200 days. The slaughter and
the primary processing of carcasses were carried out at Bryansk
Meat Company LLC (Miratorg Agribusiness Holding), Bryansk
Region. The cuts were removed 48 hours after the slaughter. Beef
aging was carried out for 28 days in packaged and unpackaged
form in a cold storage chamber at a temperature of2+1°Cand a
relative humidity of not more than 90 %.

Marbling score was determined visually according to
GOST 33818-2016 «Meat. High quality beef. Technical condi-
tions».

The pHwas measured by a potentiometric method using Tes-
to 205 portable pH meter. During the measurements, the elec-
trode was immersed in the muscle tissue to a depth of at least 3
cm. The final result was the mean of three single measurements;
the difference between the limiting values of three measure-
ment results did not exceed 0.15 pH units.

Determination of muscle tissue structural and mechanical
characteristics was carried out using AGS-X series Shimadzu test
machine designed to measure shear force, surface and compres-
sion parameters. All measurements were carried out in four rep-
licates. The final result was the mean with a significance level
P >0.95.

The study of sample microstructure was conducted in accor-
dance with GOST 19496-2013 «Meat and meat products. His-
tological examination method». A piece of 2x1.5x0.5 cm was
taken from each sample and placed in a 10 % aqueous solution
of formalin for 72 hours at room temperature. Then piece was
washed under cold running water for 12 hours. The washed ma-
terial was put into trays, filled with 25 % gelatin and placed in a
thermostat at 35 °C for 12 hours to impregnate.

The resulting piece was placed in a freezing chamber of
MIKROM-HM525 microtome-cryostat (Carl Zeiss, Germany) on
object table. Freezing was conducted at a temperature of -20 °C
for 15 to 20 minutes and sections were made with a thickness of
20 pm.

The sections were stained with Ehrlich’s hematoxylin and
dyed with freshly prepared 1% aqueous-alcoholic eosin solu-
tion, and then placed under cover slips in glycerin-gelatin.

Histological specimens were studied and photographed us-
ing the Axiolmaiger Al microscope (Carl Zeiss, Germany) using
connected AxioCam MRc 5 video camera. Image processing was
performed using AxioVision 4.7.1.0 digital image analysis sys-
tem adapted for histological studies.

Sensory evaluation and quality assessment of samples after
cooking were carried out using 9-point scale in accordance with
GOST 9959-2015. Beef freshness evaluation was carried out in
accordance with GOST 7269-2015.

3. Results and discussions

As a result of marbling evaluation, it is established that the
samples were characterized by marble scores «moderate» and
«good» (Table 1). Unpackaged samples were labeled as 1-1 (mar-
bling score «good») and 2-1 (marbling score «moderate»), while

Tabnuua 1
Sample name and number
1-2 2-1 2-2
Good Moderate Moderate
20.43 10.98 11.82

21

samples packaged under vacuum in polymer film were labeled as
1-2 (marblingscore «good») and 2-2 (marbling score «moderate»).

Throughout the aging period, the pH ofbeefremained stable
(Table 2). This was due to the fact that significant pH changes
were observed in beef in the first 4 days after slaughter. Then,
during the further storage of meat, the pH remains stable, and
slight increase may occur as a result of putrefaction and the ac-
cumulation of protein decomposition products having alkaline
properties. The stability of pH during the research indicates the
normal development of meat aging process. The stability of pH
during aging process is also noted by other researchers, e.g. Hu-
lankova et al. [4].

Table 2
The pH of the samples during the aging process
Aging period, Samples
days 1-1 1-2 2-1 2-2
4 5.50 552 5.91 5.90
16 5.61 5.60 5.90 5.87
28 5.61 5.61 5.90 5.85

According to the sensory indicators of freshness (surface
appearance and color, the condition of muscles on the section,
texture, odor, fat condition, transparency and broth flavor), beef
with various marbling scores in packaged and unpackaged form
predominantly considered as fresh meat. However, regardless of
the marbling score, the beefaged in unpackaged form had devia-
tions in sensory indicators on day 28. It was noted that meat on
the section was less dense, less elastic; the fovea formed with the
finger pressing straightened more slowly; there were also sour
and not typical for fresh meat odor and slightly turbid broth.

Analysis of data from beef sensory evaluation during the
aging process showed that, on days 4 and 16, after the boiling,
the overall quality assessment according to the 9-point scale
for vacuum-packaged beef with marbling score «good» (sample
1-2) and «moderate» (sample 2-2) was 8 points («very good»)
(Table 3), while on day 28, there was an increase in tenderness
from 8 to 9 points. Overall sensory evaluation of broth resulted
in 8 points («very good») (Table 4).

On days 4 and 16, overall beef quality evaluation after cook-
ing accordingto the 9-point scale for unpackaged beefwith mar-
bling score «good» (sample 1-1) and «moderate» (sample 2-1)
resulted in 8 points («very good») (Table 5), while on day 28,
there was a decrease in tenderness from 8 to 7 points. On days 4
and 16, overall sensory evaluation of broth resulted in 8 points
«very good», but on day 28, it decreased to 5 points (Table 6).

The results obtained are in agreement with the works of oth-
er authors. Thus, Berger et al. [7], studied three different aging
methods —in vacuum-packaged form, in air-permeable package
(combined method), in unpackaged form —and noted that beef
aged for 7 days after slaughter in unpackaged form and in com-
bined package had higher sensory indicators than aged in pack-
aged form. In the samples aged in combined package, less mois-
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Table 3

Quality evaluation of vacuum-packaged beef after cooking according to the 9-point scale

Sample aging

Product assessment according to the 9-point scale

Overall quality

No. . :
period Appearance Odor (flavor) Taste Texture Juiciness evaluation
9 9 8 8 8 8
1 4 days e Delicious, -
Delicious flavory, intense Tasty Tender Juicy Very good
9 9 8 8 8 8
2 16 days e Delicious, ;
Delicious flavory, intense Tasty Tender Juicy Very good
8 9 8 9 8 8
3 28 days Delicious, -
Very good flavory, intense Tasty Very tender Juicy Very good
Table 4
Quality evaluation of broth according to the 9-point scale
Product assessment according to the 9-point scale i
No Aging period Overall quality
B Appearance Odor Taste Richness evaluation
(flavor)
1 4 days 9 9 8 8 8
Y Delicious Pleasant, flavory, intense Tasty Rich Very good
9 8 8 8 8
2 16 days Delicious Pleasant, flavory, intense Tasty Rich Very good
9 8 8 8 8
3 28 days Delicious Pleasant, flavory, intense Tasty Rich Very good
Table 5
Quality evaluation of unpackaged beef after cooking according to the 9-point scale
. . Product assessment according to the 9-point scale Overall quality
Ne Aging period . luati
Appearance Odor (flavor) Taste Texture Juiciness evaluation
9 9 8 8 8 8
1 4 days e Delicious, N
Delicious flavory, intense Tasty Tender Juicy Very good
9 8 8 8 7 8
2 16 days Delicious Pleasant, intense Tasty Tender Juicy enough Very good
3 28 davs 6 3 6 7 6 7
4 Not good enough Pleasant, intense Not tasty enough Tender enough Not juicy enough Good
Table 6
Quality evaluation of broth according to the 9-point scale
. . Product assessment according to the 9-point scale Overall quality
Ne Aging period i luati
Appearance Odor (flavor) Taste Richness evaluation
9 9 8 8 8
1 4 days L Pleasant, flavory, .
Delicious intense Tasty Rich Very good
9 8 8 8 8
2 16 days Delicious Pleas_ant, flavory, Tasty Rich Very good
intense
6 3 3 6 5
3 28 days Not good enough, Not pleasant enough, Not pleasant enough, Moderate

slightly turbid off-odor

ture loss was noted than in samples aged in unpackaged form.
Our experiment did not investigate aging in combined package;
this is the object for further research.

Similar results were obtained by American researchers Colle
et al. [8]. Their work was aimed at prolonged aging of steaks
from M. biceps femoris and M. semimembranosus. Aging was car-
ried out for 2, 14, 21, 42, and 63 days. In all cases, tenderness,
juiciness, and sensory indicators improved. They also conducted
the study [9] on the quality of steaks from M. gluteus medius and
M. longissimus lumborum for 2, 14, 21, 42, and 63 days. Improve-
ment of sensory indicators in all samples was noted. The data
obtained indicated that for steaks from M. gluteus medius shear
force slightly decreased throughout the aging period, whereas
for steaks from M. longissimus lumborum a decrease was noted
already on day 21 of aging.

The results of histological studies to determine the structure
of beef samples with various marbling scores during the aging
process are presented in Tables 7 and 8 and in Figures 1to 12 (ag-
ing in unpackaged form) and 13 to 24 (aging in packaged form).
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off odor Not rich enough

Histological examination of sample structure on day 4 ofag-
ing showed that all samples (1-1, 1-2, 2-1, and 2-2) have simi-
lar microstructural indicators. In the cross section, the muscle
fibers are characterized by a densified packing in bundles of the
first order. The shape ofthe fibers is polygonal or slightly round-
ed. Endomysium interlayers are well pronounced; the boundar-
ies between individual muscle fibers are well defined. Diameter
of muscle fibers is 55 to 60 pm.

In the longitudinal section, muscle fibers are predominantly
straightened, but there are also some fibers ofcurly form (the stage
of rigor mortis resolution). Cross-striation is well pronounced. In
some fibers, there are areas with longitudinal striation indicat-
ing the zones of contraction. The nuclei in muscle fibers are well
colored, oval in shape and located directly under the sarcolemma.

Perimysium interlayers are curly, tightly adjacent to bundles
of muscle fibers. The nuclei in the connective tissue layers are
clearly defined on the slide. Between the bundles of muscle fi-
bers, in perimysium, there are areas of adipose tissue with a typi-
cal histological structure.
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Table 7
Results of histological examination of samples
in unpackaged form
? Marbling score «good» Marbling score «<moderate»
£ n (sample 1-1) (sample 2-1)
a-e
Picture 1. Cross section Picture 3. Cross section
Picture 2. Longitudinal section  Picture 4. Longitudinal section
16 Picture 5. Cross section Picture 7. Cross section

Picture 6. Longitudinal section  Picture 8. Longitudinal section

Picture 9. Cross section Picture 11. Cross section

Picture 10. Longitudinal section Picture 12. Longitudinal section

The functional state of muscle tissue is quite uniform There
are individual transverse micro-ruptures, single sites with local
sarcomere degradation. Sarcolemma deterioration, myofibril de-
struction of and muscle fiber ruptures was not detected. Sample
microstructure corresponds to fresh raw meat at the first aging
stage (Figures 1to 4 and 13 to 16).
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Table 8
Results of histological examination of samples
in packaged form
ti Marbling score «good» Marbling score «moderate»
t19 A (sample 1-2) (sample 2-2)
f-e
. Picture 13. Cross section Picture 15. Cross section

Picture 14. Longitudinal section Picture 16. Longitudinal section

16 Picture 17. Cross section Picture 19. Cross section
Picture 18. Longitudinal section Picture 20. Longitudinal section
28 Picture 21. Cross section Picture 23. Cross section

Picture 22. Longitudinal section Picture 24. Longitudinal section

Histological examination of sample structure on day 16 of
aging showed that, in samples of unpackaged beef 1-1 and 2-1,
the following microstructural changes were observed. Along
with the pronounced cross-striation, in some muscle fibers there
are sites with smoothened striation. The color of fibers is not
uniform. The nuclei in muscle fibers are shady, worse defined on
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the slide in comparison with the corresponding samples on day
4 of aging. In muscle fibers, there are multiple fissured trans-
verse integrity disorders, single ruptures and fragmentation.
There are areas with sarcolemma separation, as well as with
the destruction of fiber internal structure (local degradation of
sarcomeres). There is a loosening of perimysium interlayers.
Sample microstructure corresponds to fresh raw meat of non-
prolonged storage at the beginning of the second aging stage
(Figures 5 to 8).

Tabnunuya 9
Pe3ynbTATbI Ucciefo0BaHUA YCUNNSA pe3aHnsa 06pasL,oB
B HEyrnakoBaHHOM BuULe

Morbling score «good» Marl)ling; score «<moderate»
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In samples of packaged beef 1-2 and 2-2, the changes in tis-
sue structure are more pronounced. In muscle fibers, there are
large areas with smoothened striation. The nuclei are shady, and
in some fibers, are completely degraded. In muscle fibers, there
are multiple fissured transverse integrity disorders and ruptures,
fragmentation with formation of fine-grained protein mass be-
tween fragments. There are long areas with sarcolemma separa-
tion, as mell as with the destruction of fiber internal structure
(local degradation of sarcomeres). There is a loosening of peri-

Table 10
The resultsof shear force ntudy lor samples
in packaged form

Marbling score ««good»
(sample 1-2)

Marbling score «moderate»
(sample 2-2)
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mysium interlayers, and in some areas, they are separated from
muscle fibers. Sample microstructure corresponds to fresh raw
meat at the middle of the second aging stage (Figures 17 to 20).

Histological examination of sample structure on day 28 of
aging showed that destructive changes were intensified in tis-
sues ofall samples.

In unpackaged samples 1-1 and 2-1, cross-striation only
partly present throughout the muscle fiber, and sometimes is
smoothened. The color of the fibers is faded, and not uniform.
The nuclei in muscle fibers are shady or completely degraded.
On day 16, an increase in ruptures and fragmentation of mus-
cle fibers was observed in comparison with the corresponding
samples, with the formation of fine-grained protein mass be-
tween fragments. There are areas with sarcolemma separation
and degradation, as well as with the destruction of fiber internal
structure (local degradation of sarcomeres). There is a loosening
of perimysium interlayers, and in some areas, they are separated
from muscle fibers. There are foci of microflora. The nuclei are
worse defined on the slide. Sample microstructure corresponds
to raw meat of ambiguous freshness category at the end of the
second aging stage (Figures 9 to 12).

In samples 1-2 and 2-2, in most muscle fibers, the striation
is smoothened. The nuclei are shady, and in some fibers, com-
pletely degraded. In muscle fibers, there are multiple ruptures
and fragmentation with separation of fragments and the forma-
tion of fine-grained protein mass between them. There are long
areas with sarcolemma separation, as well as with the destruc-
tion of fiber internal structure. The disintegration of individual
fragments into myofibrils is detected, and myofibrils are de-
graded into sarcomeres in the form of grained mass sometimes
confined to endomysium. There is a loosening of perimysium
interlayers and separation from muscle fibers. Changes in tissue
structure correspond to fresh raw meat of non-prolonged stor-
age at the third aging stage (Figures 21 to 24).

As aresult of histological studies, it was found that, with the
increase in the duration of beef aging, the nature of destruc-
tive changes in tissues is enhanced. On days 16 and 28, samples
of packaged beef, both with marbling score «good» (1-2) and
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«moderate» (2-2), corresponded to the second and third stage
of meat aging in accordance with GOST 19496. The raw material
remained fresh throughout 28 days.

On the corresponding aging days (days 16 and 28), changes
in unpackaged beef, both with marbling score «good» (1-1) and
«moderate» (2-1), are less pronounced.

The results of shear force study (Tables 9 and 10) showed that
during the entire observed period of aging, a gradual decrease
in shear force occurred indicating meat softening. However, in
some cases, shear force at a later stage of aging was higher than
at the previous one. This may be explained by the properties of
marble meat structure, in the muscular tissue of which there are
multiple inclusions of adipose tissue. In average, on days 4 and
16 of aging, the toughness of vacuum-packaged beef was lower
than in unpackaged beef, indicating greater efficacy of meat ag-
ing in a packaged form. However, at later stages of aging, the
dynamics of decrease in shear force of packaged beef declined.

A.N. Lepper-Blilie et al. [10] also revealed an inverse correla-
tion between shear force and aging period. According to these
data, the degree of shear force decrease depended neither on
carcass part, nor on aging method, nor on the marbling score.
However, in the work of Yuan H. Brad Kim et al. [11], there is
evidence that shear force after 17 days of aging was lower in
packaged samples than in unpackaged indicating faster aging
in packaged form. L. Clay Eastwood et al. [12] also noted that
shear force depended, in part, on the type of aged product, e.g.
for samples in cuts, shear force was lower than for samples in
the form of semi-finished products (steaks). Fumiko lida et al.
[13] found that shear force and tenderness of beef with a high
marbling score stabilized during 20 days of aging, while the im-
provement in taste and flavor continued up to 60 days.

4. Conclusion

The aging method has a great influence on the quality in-
dicators of beef (microstructure, sensory indicators, structural
and mechanical properties) regardless of the marbling score.
In M. longissimus dorsi, the effect of marbling scores «moderate»
and «good» on the duration of beef aging was not established.
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