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Annomauus

Hccnedosanvl mexHonozuveckue c60LCMBa OXNIANOEHHOT 2065-
OUHbL, NOTYHeHHOTI O CKOma nopoo eepeopd (mMsicHoe Hanpas-
JleHue NPOOYKMUBHOCU) U UEPHO-NECMPAs (MACO-MONOUHOE
Hanpassexue NPoOyKMuUHOCHU) Pa3IUHBIX KIACCO8 1O UBeHmy
Mbieunotl mxanu. Llsem mviueuroli mxanu Ha OnuHHelet
moimye cnumot (L. dorsi) 6 usemosom npocmparcmee CIELab
UCCTIe008ATIU 6 YCI0BUSAX KOHGellepa cneKkmpogomomempuecku
Ha cnekmpogpomomempe Konica Minolta CM-2300d. Ha ocHose
UBMEPeHUST UBeMa MblUedHOL MKAHU NPo8oounY Kaaccupura-
yuio no amanoHam usema. Io6sOUHy 1O PASTUUAM A 146€10BOL
eamme paccopmuposani Ha mpu Kaacca no nokasamenam L, a*,
b* u amanonam: 1 knacc (6 cpednem 41,41, 22,16, 18,46), 4 xnacc
(6 cpedrem 34,75, 22,0, 14,0), 5 knacc (8 cpedrem 28,92, 13,10, 9,24).
B ycnosusix xousetiepa maxie usmepsnu eenuuuny pH uepes
24 uaca nocne y6os, oHa cocmasuna 5,28-5,36 ons 1 knacca, 5,59~
5,60 0nst 4 knacca, 6,50-6,51 dns 5 knacca. B o6pasyax 2oesou-
Hot (n=15) onpedensnu cnedyrousue 1a60pamopHvie nApamempoL:
snazoyoepicusarouas cnocoonocmv (BYC), nomepu enaeu npu
mepmuteckoti 06pabomke, CPyKmypHO-mMexaHu4eckue u MUKpo-
cmpykmypHuvle céolicmea. [nsi ycrmanoeneHus KoppensiutoHHOu
3A6UCUMOCIIU MENOY UBEIIOM U IMEXHON0ZUMECKUMU C80TICINBAMU
208510UHbL Obin BLIOPAH nokazamens L* (ceemnoma), komopotii Ha-
uboree 6ce20 PAIUMAIICS MeHOY 00pA3UAMU. YCAaHO06IeHbL KOp-
penUUOHHDLIE 3a6UCUMOCTNU Mex0y nokasamenem L* (ceemnoma)
U 1eXHONIO2UHeCKUMU CBOLICBAMU: OMPULAIMENIbHAS C 6eIUMU-
Hott pH (-0,95) u ¢ enazoydepacusarowseii cnocobHocmuio (-0,92),
NOZIOHCUMETNLHAS C NOMEPIMU 671a2U NPU MepMUUeckoil 0opadom-
ke (0,99) u ¢ noxasamenem Hanpsinerus cpesa (0,96).

BBenenue

B mocnegnaue rogpl IpOoM3BOACTBO FOBAAMHBI B Poccun
HeyK/JIOHHO Bo3pacTaeT. 1o manubiM Poccrara, B 2016 rogy
6bU10 TTpOM3BeNieHO 263,43 THIC. TOHH TOBAAVHBI, YTO CO-
crapisgeT 103,3% ot mokasareneir 2015 ropa. Ilpu sTom
IO/ IApHOM, OCTBIBUIEN M OXJIAKAEHHONM TOBAAVHBI
B ofmeM 06béMe mponssopcTBa B 2016 rofy, cocTaBmia
okono 80%. Kpynueilmmmu poccuilcKMMM perMoHaMMU-
IIPOM3BOANUTENAMY TOBANVHBI ABNAIOTCA bpanckas u Mo-
CKOBCKasi 06/mactp, Anraiickuit Kpait [1].

BakHelmmM MHCTPYMEHTOM IOBBILIEHNA KOMMYECTBA
IIPOM3BOJVIMOJ TOBAJVHBI ABJIAETCA BbIpAIlMBaHNE M OT-
KOPM MOJIOfIHAKA KPYIIHOTO POraTOro CKOTa MACHOTO Ha-
npasjeHns npogykrusHocTi. OpHako B Poccun o cux nop
JOJIA KPYIIHOTO POraTOro CKOTa MACHBIX ITOPOJ, COCTABJIAET
B 00111eM [IOr0/10Bbe 4y Thb 6071ee 10%, Tor/a Kak B CTpaHax,
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Abstract

Technological properties were studied for chilled beef of different
classes concerning the color of muscle tissue obtained from Her-
eford (beef cattle) and White-and-Black (beef and dairy cattle)
breeds. The color of Longissimus dorsi muscle in CIELab units was
examined using Konica Minolta CM-2300d spectrophotometer.
Based on the measurement of muscle tissue color, the classification
was carried out according to color standards. According to differ-
ences in color, beef was sorted into three groups using color stan-
dards and L*, a*, b* values: Class 1 (41.41, 22.16, 18.46 in average),
Class 4 (34.75, 22.0, 14.0 in average), Class 5 (28.92, 13.10, 9.24
in average). In a conveyor environment, pH was also measured
24 hours after slaughter: 5.28 to 5.36 for Class 1, 5.59 to 5.60 for
Class 4, 6.50 to 6.51 for Class 5. In beef samples (n = 15), the follow-
ing laboratory parameters were determined: water holding capac-
ity (WHC), moisture loss during heat treatment, structural and
mechanical properties, microstructural properties. To establish the
relationship between color and technological properties of beef, the
L* (lightness) parameter was chosen, which was the most differ-
ent between the samples. Correlations between L* (lightness) and
technological properties were established: negative with pH (0.95)
and with water holding capacity (0.92), positive with moisture loss
during thermal treatment (0.99) and with shear force (0.96).

Introduction

In recent years, the production of beef in Russia has
been steadily increasing. According to the Federal State
Statistics Service, in 2016, 263.43 thousand tons of beef
were produced, which is 103.3% of the 2015 indicators. At
the same time, in 2016, the proportion of fresh, cool and
chilled beef in total production was about 80%. The largest
producers of beef among Russian regions are Bryansk and
Moscow regions, and Altai Territory [1].

The most important tool to increase the production of
beef is growing and fattening of young beef cattle. How-
ever, up to date the proportion of beef cattle in the total

number of livestock in Russia is slightly over 10%, while in
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CUNTAIOMINXCA TNIePaMI B MIPOBOM IIPOM3BOICTBE T'OBS-
IVIHBL, 3Ta oA Konebercs ot 40 1o 85% [2].

Bo MHOTOM 9TO CBSI3aHO C T€M, YTO MsCHOE CKOTOBOJ -
CTBO SIBJISICTCS OFHMM M3 CaMBIX TPYHROEMKUX IIpoliec-
COB B Ce/IbCKOM XO3SJICTBE, TPEOYIOINM JINTEIbHBIX
VMHBECTULMII, NpeXJe 4YeM HACTyIaeT OKYIaeMOCTb.
B HacTosimee BpeMs B Poccunm feiicTBYIOT IpOrpaMMbl
HOAJePXKKM MACHOTO CKOTOBOJCTBA, HO €r0 pa3BUTHE
CTAJIKMBACTCA C LEIbIM PAOM IpoO/IeM, TaKMX, Kak
OTCYTCTBUE COOCTBEHHOTO reHOQOHJA, HeOObIIOE
KOJINYECTBO IJIEMEHHBIX XO3SJCTB, OTHOCUTE/IBHO He-
BBICOKOE YNCI0 HPOOOHUTHPOBAHHBIX OBIKOB-IIPOM3-
BOJ{MTeNIel, 3aBMCUMOCTb OT MMIIOPTa OBIKOB-IPOM3-
BopuTesIelt ¥ Obrubeit cuepMmel [3, 4]. Taxxe pasButue
MACHOTO CKOTOBOJCTBA CAEP)XMBAIOT OTCYTCTBUE WH-
¢dbpacTpykTyphl Bo MHOruX permoHax P® m HexBarTka
KBamnpuuMpoBaHHBIX KafpoB. OgHAKO, HECMOTPs Ha
CyllecTByMOIuMe IpoOIeMbl, MICHOe CKOTOBOJCTBO
B Poccum pasBuBaeTcs, BO MHOTOM 671arofaps peannsa-
IIUY KPYIIHBIX IPOEKTOB ¥ CTPOUTENbCTBY HOBBIX IIPef-
HPUATUI TTOJTHOTO IIMK/Ia — OT BBIPALMBAHNSI U OTKOP-
Ma JI0 IIPOM3BOJCTBA YIIAKOBAHHOTO Msca.

[ToMuMO HU3KOII PEeHTAOETIBHOCTY M OTCYTCTBUA JO-
CTaTOYHOTO KO/IMYECTBA IVIEMEHHBIX X03AJICTB KPYIIHOTO
pOraToro CKoTa MsICHOTO HAaIIPaBJIeHVsI IPOYKTUBHOCTH,
IPOM3BOAUTENN CTANKUBAIOTCA C OTCYTCTBMEM OOBeK-
TUBHOJ CUCTEMBI OLIEHKM TOBSJMHBI U, KaK CJIEfiCTBUE,
IIPO3PAYHOro LIeHoO0Opa3oBaHuA. B 3apybexHoit mpakTn-
Ke OLIeHMBAIOTCS TaKye II0Ka3aTe/N, KaK 1IBeT MBIIIeYHOII
U )XMPOBOI TKaH), MPaMOPHOCTbD, CTeIIeHb OKOCTEHEHNs
(pasBuTHA KOCTHOI TKaHNM) u apyrue [5, 6, 7, 8].

[IBeT Msica AAB/ISIETCS MHAVKATOPOM IPAKTUYECKU BCEX
$u3noNnorNuecKnx, 6MOXMMNYIECKNX ¥ TEXHOIOTMYECKIX
IPOILIECCOB, 1 II03TOMY ABJIAETCSA BAXKHBIM KpUTEpUeM
IpYU OlLleHKe KadecTBa Ipoaykra. Kpome rtoro, Ber —
Ba)XHBIII ITapaMeTp KadecTBa MsCa, KaK Jis IIOTpeOuTers,
TaK ¥ Jyid epepaboTku. LIBeT B3anMOCBA3aH CO MHOTYIMMI
MOKa3aTeAMM KadeCTBaMM TOBAJVHBI, II03TOMY COPTH-
POBKa I10 1IBETY NPUMEHMMa B Ka4eCTBe IKCIIPecC-MeTO/a
B YC/IOBUAX KOHBelepa.

B paMkax pa3paboTKu poCCHitCKON 9KCIIPecc-CUCTeMBbI
OLIEHKV TOBSJVHBI Ha OCHOBE I[BeTa MBILIEYHOI TKaHWU,
MIO3BOJIAIOILIEN B YCIIOBUAX KOHBeNepa ¢ IIOMOILbIO 3TaJI0-
HOB COPTMPOBATh MACO B 3aBUICMMOCTI OT €TI0 KauecTBa,
Obl1a TpOBeJIeHa OL[eHKA TEXHOIOTMYECKIIX CBOVICTB OX/Ia-
K/IEHHOI TOBSIIVIHBI Pa3/IMYHBIX [IBETOBBIX K/IACCOB.

Marepuaibl M METOAbI

Jns onpepmeneHys BeTa MBILIIEYHOI TKaHU B 1[BETO-
BoM npoctpancTBe CIELab u mpunamnexxHocT K ToMy
WIN VHOMY IIBETOBOMY K/Iaccy [9] B IpOM3BOACTBEH-
HBIX YC/IOBMAX VMICIIONb30Bamu crekrpodoromerp Konica
Minolta CM-2300d (SIrmonms) u aTa/moHb! 1[BETA.

Bce nsMmepenns npoBoWIN IpU MICTOYHNMKE OCBelle-
Hys1 D65 (cTaHapTHBI THEBHOII CBET) C YI/IOM Habofe-
HuA 2°, KaX0e M3MepeHyie IIPOBOAVIIN OJHOKPATHO.
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countries considered the leaders in the world production
of beef this value ranges from 40% to 85% [2].

This is mainly due to the fact that beef cattle breeding is
one of the most time-consuming processes in agriculture
and requires long-term investments before the payback
comes. Currently, Russia has programs to support beef
cattle breeding, but its development is facing a number of
problems, such as the lack of own breeding animals, small
number of breeding farms, relatively low number of valu-
ated bulls, dependence on imports of bulls and bull sperm
(3, 4]. Also, the development of beef cattle breeding is
hindered by the lack of infrastructure and qualified per-
sonnel in many regions of the Russian Federation. How-
ever, despite the existing problems, beef cattle breeding in
Russia is developing, largely due to the implementation of
major projects and the construction of new full-cycle en-
terprises — from growing and fattening to the production
of packaged meat.

In addition to low cost effectiveness and the lack of suf-
ficient number of beef cattle breeding farms, producers
face the lack of objective system for assessing beef and, as
a result, for transparent pricing. In foreign practice, such
indicators as color of muscle and fatty tissue, marbling, de-
gree of ossification (development of bone tissue), and oth-
ers [5, 6,7, 8] are estimated.

The color of meat is an indicator of almost all physi-
ological, biochemical and technological processes, and
therefore is an important criterion in assessing the quality
of the product. In addition, color is important quality pa-
rameter both for the consumer and for processing. Color
is related to many indicators of beef quality, so classifica-
tion by color is suitable as an express method in a conveyor
environment.

As a part of the development of the Russian express
system for beef assessment based on muscle tissue color,
which allows meat sorting depending on its quality in a
conveyor environment using color standards, an evalua-
tion was made of the technological properties of chilled
beef of various color classes.

Materials and methods

To determine the color of muscle tissue in CIELab units
and sort it into a particular color class [9], the Konica Mi-
nolta CM-2300d spectrophotometer (Japan) and color
standards were used in production conditions.

All measurements were made with light source D65
(standard daylight) with an observation angle of 2° each

measurement was carried out once.
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J71 COpTMPOBKY TYIII HAa pa3/IMYHbIe KIACCHI 110 LIBETY
MBILIEYHOJ TKAaH MUCIIONb30Bamm 3Tanousl (Taor. 1).

V3mepeHusa NpoBOAVIIN Ha IJIMHHENIIel MbIIIIe CIIN-
HbI (L. dorsi) 178 Ty monopHska (c ot 18 o 24 mecs1ieB)
KPYIIHOTO POTaToro CKOTa IIOpOf repedops M 4EpHO-
néctpasa. VMsmepenna nposogumu Ha OOO «IlymxkumH-
ckuit MsicHoit Bop» (Poccus, 1. ITynikuuo). Vsmepenus
npoBoawIM Mexy 12 n 13 pebpamu. Bee nusmepenns npo-
BOAWINCD Yepes 24 Jaca 1mocie yoos.

OneHKy CTPYKTYpHO-MEXaHMYECKMX XapaKTePUCTUK
(BeIM4MHy HANpPsDKEHM Cpe3a) TOBSVHBI IIPOBOAVIIN
C TIOMOIBIO VICIIBITATe/IbHOM MaInHbl «Shimadzu» cepun
AGS-X, npepHasHaueHHOI A1 U3MEpPEeHUA CIBUTOBBIX,
IIOBEPXHOCTHBIX 1 KOMIIPECCHOHHBIX XapaKTE€PUCTHK.

Maccosyo fomo Biaru onpepenanu no 1SO 1442-97.

Braroypep>KuBalyo CriocoOHOCTb Msica ONpefers-
JIM METOZIOM IIpeccoBaHysA 110 Ipay n XamMmy B Mopudmka-
unu BHUMMII [10].

I onpepenenna sennuuHbl pH ¢ nmomomproo pH-
MeTpa ¢ auana3zoHoM usmepenus 0-14 pH, u TounocTbio
usmepenns 0,1 pH. I[Tpu6op npegBaputensHo Kamubpo-
Ba/IM, MCHONb3yad OydepHble PacTBOPHI C M3BECTHBIM
sHaueHreM pH. IIpu nmpoBemeHNy M3MepeHNUI 97EKTPOS,
HOTPY>Kaly B TOMIIY MBILIEYHOI TKaHu L. dorsi Ha ry-
61HYy He MeHee 3 CM. 3a OKOHYATe/IbHBII pe3y/IbTaT MpH-
HUMaJI CpefHee apupMeTndecKoe 3HaUYeHMe TpexX efu-
HUYHBIX U3MePEHUI.

[ucromornyeckne MCClefoBaHusA  OOpasLOB  ro-
BAJMHBl PaslIM4YHBIX KIacCOB IIPOBOAM/IM Ha Cpesax
TOMUVHON 14 MKM M3rOTOBJIEHHBIX Ha KpHMOCTaTare
«Mikrom-HM525» (Thermo Scientific) u okpauieHHbIX
reMaTOKCUIMHOM IJpnuxa U 1%-bIM BOJHO-CIMPTOBBIM
pactBopoM s03uHa («buoButpym»). Vsydenue rucro-
JIOTMYeCKMX IperapaToB 1 ux ¢ororpadupopaHue ocy-
LIeCTB/IA/IM Ha CBETOBOM MMKpOCKoIe «Axiolmaiger Al»
(Carl Zeiss, TepmaHusi) ¢ MOgK/II0YEHHO BUIEOKaMePOit
«AxioCam MRc 5». O6paboTKy m3oOpaskeHMil Ipoms-
BOAM/IN C NIpYMEHEHMeM KOMIIBIOTEPHOII CHUCTEeMbl aHa-
mm3a maobpakenmit «AxioVision 4.7.1.0» (Carl Zeiss,
Tepmanns). ViccnenoBanus IpoOBOAWIN B COOTBETCTBUN
C NPUHIUIAMM CHUCTEMHOTO KONMYeCTBEHHOI'O aHaln3a
U TPEXKPATHOI IOBTOPHOCTBIO 9KCIIEPVIMEHTA.

To sort the carcasses into different classes according
to the color of muscle tissue, color standards were used
(Table 1).

The measurements were carried out on Longissimus
dorsi muscles from 178 carcasses of young cattle (18 to
24 months) of Hereford and White-and-Black breeds. The
measurements were performed at “Pushkinskiy myasnoy
dvor” LLC (Russia, Pushkino) between 12th and 13th ribs.
All measurements were carried out 24 hours after slaugh-
ter.

The evaluation of beef structural and mechanical char-
acteristics (shear force) was carried out using the Shimadzu
testing machine of the AGS-X series designed to measure
shear, surface and compression characteristics.

Moisture content was determined according to ISO
1442-97.

Water holding capacity of meat was determined ac-
cording to Grau-Hamm pressing method with modifica-
tion by VNIIMP [10].

To determine the pH value, pH-meter was used with
measurement range of 0-14 and accuracy of 0.1. The in-
strument was pre-calibrated using buffer solutions of
known pH value. During the measurements, the electrode
was immersed in the muscle tissue of Longissimus dorsi to
a depth of at least 3 cm. The final result was the average of
three single measurements.

Histological studies of beef samples of various color
classes were carried out on 14 um sections produced with
Mikrom-HMS525 cryostat (Thermo Scientific) and stained
with Ehrlich hematoxylin and 1% aqueous-alcoholic eosin
solution (BioVitrum). Histological specimens were studied
and photographed using Axiolmaiger Al light microscope
(Carl Zeiss, Germany) with AxioCam MRc 5 video camera
connected. Image processing was performed using Axio-
Vision 4.7.1.0 computer image analysis system (Carl Zeiss,
Germany). The studies were carried out in accordance with
the principles of systemic quantitative analysis and tripli-
cate experiment.

Table 1. Color standards for muscle tissue | TaGmuia 1. ITanons! 1BeTa MBIIEYHON TKAHN

CIELab values |
IIBeToBast MOfTenH

L
a
b

Visual color display |
BusyanbHoe
0TOOpakeHNe IBeTa

Color ranges | JuanasonsI uBera
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[Torepy Macchl Ipu TepMUUYECKO 06paboOTKe oImpe-
eI KaK OTHOLIEHME MAaccChl CBIPOro obpasia K Mac-
ce TepMmyecku obpaboTaHHOTrO A0 Temimeparypsl 72°C
B TOJIIL€ MBIIIIII.

Marematndeckyio 06pabOTKy pe3y/lIbTaTOB MCCIEHO-
BaHMNII, BBIIIOJHEHHBIX C 3-5-KpaTHOM IIOBTOPHOCTBIO,
a TaKXXe pacyeT KOPPENALMOHHBIX 3aBUCUMOCTEN OCy-
IIeCTBJISIN OOIIETIPUHATHIM ITapaMeTPUIeCKIM METOIOM
(t-xputepnmit CTbIOfeHTa) C IpMMEHEHNMeM IpPOTrpPaMMbl
«Statistica 10.0».

PesynpraTsl n 06CcyKmeHne

[To pesynbraTaM OLIEHKM L[B€Ta MBIIIEYHON TKaHU
B cucreme CIELab B coorBeTcTBUM C paspaboTaHHBIMMK
3TaJIOHAMI 1IBETA MBILIEYHON TKaHM OblIa MpOBeIeHa
copTupoBka Tyur Ha Tpu rpymns! (Tabm. 2). Tymm nep-
BOJ1 TPYIIIBI OTHeCeHbI K 1 (n=21), 2-11 rpynmsl k 4 (n=44)
u 3-it rpynmel K 5 kimaccam (n=113). YcraHOB/IEHO, YTO
TYIIN OT/INYA/INCH, IIPEKe BCeTo, okasareneM *L (cBer-
10Ta). V3 Ka>kIo¥i IPYIIIbl pas3/INIHbIX K/IACCOB II0 LIBETY
otobpanu 1o 2 obpasua i IpoBefeHNsI UCCIeTOBaHNI
TEXHOJIOTMYECKIX CBOICTB.

Pe3ynbraThl McCIenoBaHmii 00pas3lioB rOBSAANHBL pas-
NMYHBIX I[BETOBBIX XapakTepuctuk (L. dorsi) mpencrapie-
Hbl B Tab1. 3.

Pe3ynbraThl Mcc/efoBaHMil HAPsDKEHMs cpe3a 06pas-
IJOB TOBSAVIHBI Pa3/INYHbIX KJIACCOB IO IIBETY MBILICYHOII
TKaHM IpefcTaBIeHsl B Taom. 4.

Jlannbie Tabn. 4 CBUAETENBCTBYIOT O TOM, 4TO 0Opas-
I[bl C PA3/IMYHBIM LIBETOM MbIIIEYHON TKAHU OT/INYAIOT-
Cs ¥ N0 CTPYKTYPHO-MEXaHWYECKUM XapaKTepUCTUKaM
Omnpepenena KOppeANMOHHASA 3aBUCHMOCTD MEX/Y IIBe-
TOM U IIOKa3aTe/sIMM KadeCTBa TOBSIIMHBI BBIOpaH IIO-
kasaTenb *L (cBeTsmora). YcTaHOBIEHA BBICOKAsl CTEIEHb
KOppeAnMy MeX Iy IoKasaTeneM *L (cBeTnoTa) 1 Biaro-
yAep>XMBarolLeli ctocoOHOCThIO, BenmmunHoi pH, moteps-
MU MacCBI TIPY TePMIYECKOiT 00pabOTKe U HAIPsDKEHMEM
cpesa (Tabm. 5).

| N°2 TEOPUS1 U NPAKTUKA NEPEPABOTKWN MSICA

Weight loss during heat treatment was determined as
the ratio of crude sample weight to the weight of sample
heated to core temperature of 72°C.

Mathematical processing of the results of studies (3 to
5 replicates), as well as calculation of the correlations, were
carried out using the common parametric method (Stu-

dent’s t-test) in Statistica 10.0 software.

Results and discussion

Based on the results of muscle tissue color evaluation
in CIELab units, according to the developed standards of
muscle tissue color, the carcasses were sorted into three
groups (Table 2). Carcasses in first group were assigned to
Class 1 (n = 21), carcasses in second group were assigned
to Class 4 (n = 44) and carcasses in third group were as-
signed to Class 5 (n = 113). It was found that carcasses
differed mainly by L* (lightness) value. Two samples were
selected from each group for technological properties
studies.

The results of color characteristics studies in beef sam-
ples (Longissimus dorsi) are presented in Table 3.

The results of shear force studies in beef samples of
various classes by muscle tissue color are presented in
Table 4.

Data in Table 4 indicate that samples with different
colors of muscle tissue differ in their structural and me-
chanical characteristics. A correlation between color and
beef quality was determined. L* value (lightness) was
chosen as an indicator. A strong correlation was found
between L* (lightness) value and water holding capacity,
pH, weight loss during heat treatment and shear force
(Table 5).

Table 2. Mean values of muscle tissue color evaluation | Ta6/miija 2. Cpejyaue 3Ha4€eHIsI OLEHKI IIBETA MbILIEIHOI TKaHI

CIELab values | Muscle tissue color (mean values) | IlBeT MpleuHOli TKaHU (CpeHIe 3HAYEHI)
IIBeroBas Momenn Group 1 | Ipymmna 1 Group 2 | Ipynma 2 Group 3 | Ipynma 3
L 41.41 34.75 28.92
a 22.16 22.0 13.10
b 18.46 14.0 9.24
Table 3. The results of muscle tissue studies (mean values)
Ta6muua 3. Pe3ynpraTsl HCCIefOBaHMIT 00Pa31[0B MBIIIEYHOI TKaHM (CpeIHIe SHAYEHNIS) n==6
Class by muscle tissue color | Knmacc no isery MpIimeyHoit TKaHu
Parameter | Haumenosanue noxasarers Class 1 (L42.2+2) | Class 4 (L33 +4) | Class 5 (L29 +2.5) |
1(L42,2+2) 4(L33+4) 5(L29 +£2,5)
pH24 | Bemrunna pH24 5.28-5.36 5.59-5.60 6.50-6.51
WHC, % of total moisture | BYC, % k o6ueii Bnare 66.58 67.21 70.14
Moisture content, % | MaccoBas gons Baaru, % 76.0 75.70 74.7
. . o
}IV:;gel;;l;?c(cl;r:ll:)%ahTeeign:L‘ﬁg:);t;)/g11a60TKe, % S e 20,
Shear force, N/m? | Hanpspxenue cpesa, H/m? 136.74 125.59 95.74
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Table 4. The results of shear force studies in beef samples (Longissimus dorsi)
Ta6muia 4. Pe3ynpTaThl MCCTETOBAHUS HANPSDKEHMS Cpe3a [IMHHel el MpIIbl ciiviHbl (L. dorsi) KpyImHOro poraroro cKoTa

Classes by muscle tissue color | Knmacc mo nsery MpimeqHoli TKaHI
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Hlanubie Tabn. 5 CBUETENBCTBYIOT O TOM, YTO C yBe-
AndeHneM nokasarens L (cBeTora) MsCO CTaHOBUTCA
cetnee, BemmunHa pH u BYC ymenpmarorcs, a nmorepn
BJIaTy IIPY TEPMUIECKOI 06paboTKe U HAaNIpsDKeHNe cpesa
YBEIMUYMBAIOTCSL.

3aBUCUMOCTD Pa3/IMYHbIX IIOKa3aTeseil OT 1{BeTa rOBsI-
[IVHBI ¥ BO3MOXKHOCTb ITPOTHO3VPOBAHNA TEXHOJIOTMYe-

Bpewmsi(cek)

152.69
125.59 in average | B cpequem 125,59

0 6 12 18 24 30 36 42 48 54 60

Bpemnaicek)
96.19
95.74 in average | B cpenem 95,74

Data in Table 5 indicate that with the increase of L*
(lightness) value meat becomes lighter, pH and WHC de-
crease, loss of moisture during heat treatment and shear
force increase.

Dependence of various indicators on beef color and
the ability to predict the technological properties of meat
based on color assessment is currently being studied quite

Table 5. Correlation between muscle tissue color and beef quality indicators
Ta6muua 5. KoppensauymonHas 3aBUCHMOCTb MeKY I{BETOM MBIHIEYHOII TKAaHU U IOKa3aTe/AMM KayecTBa

Parameters | Ilokasarens
*L (lightness) and pH | *L (cBetnora) u pH
*L (lightness) and WHC | *L (cBernora) u BYC

*L (lightness) and weight loss during heat treatment |
*L(cBeT0Ta) M IOTEPH BIATU IPU TEPMUIECKOIT 00paboTKe

*L (lightness) and shear force | *L (cBeTnora) u HanpsiKeHne cpesa
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Correlation coeflicient r | Koaduuuent koppemsimmu r
-0.95
-0.92

0.99
0.96
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Figure 1. Microstructure of Class 1 beef sample (longitudinal section Figure 2. Microstructure of Class 1 beef sample (cross section of
of muscle fibers, 40x magnification) muscle fibers, 40x magnification)

Puc. 1. MukpocTpykrypa 06pasiia roBsiiuHbl 1-ro kmacca (IIpogonb- Puc. 2. MukpocTpykTypa o6pasiia rossiuHbl 1-ro Kiacca (momepey-
HbIIT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X) HbIiT Cpe3 MbIILIEYHBIX BOIOKOH, 00.40X)

Figure 3. Microstructure of Class 4 beef sample (longitudinal section Figure 4. Microstructure of Class 4 beef sample (cross section of
of muscle fibers, 40x magnification) muscle fibers, 40x magnification)

Puc. 3. MukpocTpykTypa 06pasiia roBs/iuHbI 4-ro Kmacca (IIpofo/b- Puc. 4. MukpocTpykTypa 06pasiia roBsiuHbI 4-ro Kiacca (momepey-
HBIIT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X) HbIiT CPe3 MbIILIEYHBIX BOIOKOH, 00.40X)

Figure 5. Microstructure of Class 5 beef sample (longitudinal section Figure 6. Microstructure of Class 5 beef sample (cross section of
of muscle fibers, 40x magnification) muscle fibers, 40x magnification)

Puc. 5. MukpocTpykTypa 06pasiia roBsAMHbI 5-T0 K1acca (IIpofjo/b- Puc. 6. MukpocTpykTypa 06pasiia roBs/iMHbI 5-T0 K1acca (Iomepey-
HbIIT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X) HbIiT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X)
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CKIX CBOJCTB MsICa C IIOMOIIbIO OLIEHK! I[BeTa B HACTO-
Alllee BpeMsA M3Yy4aeTcs OCTATOYHO ILIMPOKO. BBICOKYIO
CTEIEHb KOPpeNIALUMM MEeXAY KOIOPUMEeTpPUYeCKIMMU
nokasarenaMu ¥ BemmunHoit pH ycramosmmm Abril M.
¢ coaBropamnu [11]. Takke Benmmumua pH cwiporo msca
3HAUNTE/IbHO B/IMAET HA LIBET TOTOBOTO MPOAYKTa (XKape-
HBIX TOBSDKBUX CTENKOB), B 0COOEHHOCTY Ha II0Ka3aTe/lb
a* [12]. Bemmunna pH nmeeT BBICOKYIO KOPPE/IALVIOHHYIO
3aBJMCYMOCTD CO CTPYKTYPHO-MeXaHIYEeCKIMI U OPTaHo-
JENTUYECKUMI CBOMICTBAMM FOBAIVMHEI [13], ciemoBaresib-
HO, COPTMPOBKA MsACa 110 IIBETY, KOTOPbII KOpPpenupyeT
¢ BenmmunHoit pH (cMm. Bbllle), sABIsAETCA OOBEKTVBHBIM
9KCIIPECC-MeTOIOM OL[eHK! KadeCTBa.

S.M. Keady, S.M. Waters ¢ coaBropamu [14] oTMeuaror,
YTO [MOKA3aTeNN HAPSDKEHMS Cpe3a, HEXKHOCTH U 0011[ero
OPTaHOJIENITNYECKOTO BOCIIPUATIA VIMEIOT BBICOKYIO KOP-
PEALNIO C LIBETOM TOBSIAVHBL, YTO IIO3BOJIAET CO 3HAUM-
TEeTbHON JJOCTOBEPHOCTHIO MIPOTHO3MPOBATh BOCIIPUATHE
Msica IOTpebuTeneM.

[TpoBemeHHbIE TUCTOMOTUYECKIE WCCIENOBAHUS TIO-
3BOJIV/IM YCTAHOBUTD XapaKTepHbIe 0COOEHHOCTI MUKPO-
CTPYKTYpbl 00pa3IloB TOBAJVHbBI PasJIMYHbIX 1[BETOBBIX
KmaccoB. Tak 06pasiipl 1-ro KIacca XapaKTepu3yHTCs Ofi-
HOTUITHBIM COCTOSIHMEM TKaHY, PBIX/IBIM PacIONO>KeHIEM
MBIIIEYHBIX BOJIOKOH, IPUCYTCTBYEM IIOIIE€PEeYHO-IIeIe-
BMJHBIX TPELIVH Y eV HVYHBIX Pa3pbIBOB MBIIIEYHBIX BO-
nokoH (Puc. 1, 2). [laHHast MUKPOCTPYKTYpa COOTBETCTBY-
eT CBIPbI0 C HU3KMM 3HayeHreM pH.

CTpyKTypa MBIIIEYHON TKaHU 00pPasLoB 4-To Kiac-
Ca COOTBETCTBYeT CBIPbI0 C HOPMA/IbHBIM 3HAYeHUEM
pH, mpoweccsl cospeBaHMs Msca HaXO[ATCA Ha HaYalb-
HOM 3Tane (OPMUPOBAHMS, CYLIECTBEHHBIX JIeCTPYK-
TUBHBIX M3MEHEHUIT MBIIIEYHBIX BOJIOKOH HE BBISBIEHO
(Puc. 3, 4).

B obpasijax 5-ro Kmacca oTMevaeTcsl Hamboree MiIoT-
Hasl KOMIIOHOBKA MBIIIEYHBIX BOIOKOH B IIEPBUYHOM ITy4-
Ke, IuaMeTp BOJIOKOH Oosbllle, 4eM B APYruX obpasiax,
OTMEYaeTCs CIVIaXMBaHME IIONEPEYHON ¥ IPOJIOIbHOI
JICYEPUYEHHOCTH, NMPUCYTCTBYIOT BOJIOKHA C M3BUIMCTON
dopwmoii (Puc. 5, 6). [JaHHble TOKa3aTeu XapakTepHsl s
CBIPbSI C BBICOKMM 3HaueHyeM pH.

JlaHHbIE THCTOIOTMYECKUX VCC/IENOBAHUIT CBULETENb-
CTBYIOT O B3alIMOCBA3M MEXZY BemmuynHol pH, nBeToM
Y MUKPOCTPYKTYPOJ MBILIEYHOII TKAHMU, YTO COITIACYeTCs
c uccnemopanusamu Nurainia H. [15] u Palka K. [16].

BriBogbr

YcraHoB/ieHa BBICOKasA CTENEHb KOPPENALMMU MEXIY
1BeToM 1 nokasatenamu pH, BYC, norepsamn maccol npn
BapKe Y MUKPOCTPYKTYPOJI MBIIIEYHON TKaHN.

YcTaHOB/IEHHBIE B3aMMOCBA3M YKa3blBalOT Ha BO3-
MOYKHOCTD IIpOBeJleH!sI HelTOCPe[ICTBEHHO Ha KOHBeliepe
OLIEHKV U COPTVPOBKY TOBSA/IMHBI Ha Ka4yeCTBEHHbIe TPYII-
IIbI ITO TEXHOJIOTMYECKUM CBOJICTBAM C IIOMOIIBIO 3TaJIO-
HOB 1IBETa /Il ONIpeJielieHNs NajIbHellIIero HarpasieHns
PalOHAIbHOTO UCIIO/Ib30BAHNA.
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widely. M. Abril et al. [11] established a strong correlation
between the colorimetric parameters and the pH value.
Also, the pH of raw meat significantly affects the color of
the finished product (fried beef steaks), in particular a*
value [12]. The pH value shows a strong correlation with
the structural and mechanical properties and sensory
properties of beef [13], therefore, the sorting of meat by
color, which correlates with pH (see above), is an objective
express method for assessing quality.

S.M. Keady, S.M. Waters et al. [14] reported that shear
force, tenderness and overall sensory perception show a
strong correlation with the color of beef, which allows to
predict the perception of meat by the consumer with con-
siderable certainty.

The histological studies allowed to establish the char-
acteristic features in the microstructure of beef samples of
different color classes. Thus, samples of Class 1 are char-
acterized by homogeneity of tissue properties, loose ar-
rangement of muscle fibers, the presence of transverse slit
cracks and single ruptures of muscle fibers (Figures 1, 2).
This microstructure corresponds to raw material with
low pH.

The structure of muscle tissue in samples of Class 4
corresponds to raw material with normal pH; meat age-
ing processes are at the initial stage; no significant de-
structive changes in muscle fibers have been detected
(Figures 3, 4).

Samples of Class 5 have the densest arrangement of
muscle fibers in the primary bundle; the diameter of fibers
is larger than in other samples; the smoothing of transverse
and longitudinal striation is noted; fibers with a sinuous
shape are present (Figures 5, 6). These indicators are typi-
cal for raw materials with high pH.

Histological data indicate the relationship between
the pH, color and microstructure of the muscle tissue,
which is consistent with the studies of H. Nurainia [15]
and K. Palka [16].

Conclusions

A strong correlation between the color and quality in-
dicators (pH, WHC, weight loss during cooking and mi-
crostructure) of muscle tissue was established.

Established relationships support the possibility to as-
sess and sort the beef into groups by technological proper-
ties in a conveyor environment using color standards to

determine the further direction of rational use.
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