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AHnHomauyus

B pesynvmame uccnedosanuii yeema MoluedHOU U HUPo-
801 mKaHell U MPAMOPHOCIU HA ONUHHeNUell Mbluie CHUHDL
(L. dorsi) kpynHozo pozamoeo ckoma pasnu1Hoz0 HANPAE/IEHUS
npodyxmusHocmu — MscHo20 (nopodvt abepoun-amzyc, eepe-
Popo) u MsACO-MONOUHO20 (NOPOOLL CUMMEHMATILCKAS, HEPHO-Ne-
cmpas) — onpedesniervl 2pynnvL No NOKA3AMENIO 4BEMA 6 MeHOY-
HapooHoii yeemosoti modenu Lab. VIsmepenust nposoounu uepes
24 uaca nocne y6os mesxcdy 12 u 13 pebpamu. Yemarosneno, 4mo
pasnuuHvie OUANA30HbL UEEMAa MblUeYHOT MKAHU OMIUYATUCE
npesxcde 6cezo nokasamenamu *L (ceemnoma) u *a (xpacnoma),
mozoa Kak nokazamenv *b (enmusna) usMeHSCS He MAK 3HA-
uumenvro. Haubonvuias ougdeperyuanus mexoy pasnuuHvimu
OUana3oHaMu yeema HUPoBoLi MKAHU OMMeHeHA No noKa3ame-
0 b, moeda kak nokasamenu L u a omauuanuco HesHa4umenvHo.
IIposodunu maxsie cpasHeHue 6U3YAnbHOL OUEHKU MPAMOPHO-
CMU 20850UHbL 1O Yembipem cmeneHAM (HeOonbulas, yMepeHHA,
X0pOWas, HACLIULEHHAS) ¢ NPUOOPHBIM (MUKPOCTPYKINYPHBIM)
AHAZIU30M C NPUMEHeHUeM KOMNbIOMEPHOL CUCHeMbl aHAU3A
usobpascenuii. Moppomempuueckue Uccnedo8aHUs MPAMOpPHO-
CMu NPoBOOUNU 6 COOMBEMCIMBUL C NPUHUUNAMU CUCIEMHO20
KonuuecmeenHozo ananu3a. Jns nposedeHus: Konu4ectneeHHoix
usmepeuti 3a0asanu napamempul aHanusa o6vexma (na0uyadv).
IIpumensanu kax asmomamuueckoe, max U pyuHoe usmeperue
3a0anHvix napamempos. B pesynvmame uccned08anus mpamop-
Hocmu Ha OnunHetiueti moiuwiye cnunvl (L. dorsi) ycmanoenena
BLICOKAS CTNeNeHb KOPPeNAUUL MeH0y 6U3YanvHOLl U NPUGOPHOT
OUEHKAMU MPAMOPHOCHIU.

BBegenne

LIBeT sIB/IsIeTCsI BaKHBIM KPUTEPVeM KadyecTBa, 0ToOpa-
JKAIOIVIM (PYHKLIMOHA/IbHBIE Y TEXHOJIOTMYECKYIe CBOJICTBA
Msica, ¥ HeOOXOAMMBIM (PaKTOPOM JIs1 IIPYBJIeYEHS TTOKY-
naTesnA M KOMMepJecKoro ycrexa. Kpome toro, mokasareinb
I[BeTa ABJIAETCA MHAMKATOPOM MHOTUX (PU3MOIOTNYeCKNX,
OMOXMMIYIECKNX VI TEXHOTOTMYECKIX ITPOLIeCCOB.

OkpalnBaHue BeleCTB B ONpeNeNeHHbIN BT Npo-
UCXOOMT B pe3y/IbTaTe MX B3aMMOJEIICTBMA C BUVMOIL
YaCTbIO CIIEKTPa 3/IEKTPOMArHUTHBIX BOIH (400-750 HM).
Ob6pasoBaHue 1Beta Msica — 0o0Jee CIOXKHBIN TIPOLecE,
yeM OKpalllBaHMe HeopraHmueckux BemecTB. CIox-
HOCTb O0YC/IOBJIEHa y4yacTyeM B 3TOM IIpoljecce Morle-
KY/IADHOTO KUC/IOPOJa, 4YeThIpeX/IeHTaTHOIO JIMTAHJA
nop¢upuHa ¢ OOMIMPHOI CUCTEMON CHPS>KEHHBIX IBOJI-
HBIX CBsA3ell, MOHa >kere3a Fe*, cHOCOOHOrO OKMCIATHCA,
U APYyTUX npuyuH [1].
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Abstract

The studies of meat and fat colour and marbling in Longissimus
dorsi of different cattle — beef-producing (Aberdeen-Angus, Her-
eford breeds) and dual-purpose (Simmental, Black-and-white
breeds) — allowed to define groups by the colour values according
to Lab international colour model. Measurements were performed
24 hours post-mortem between 12th and 13th ribs. It was found
that different ranges of meat colour differed primarily in L* (light-
ness) and a* (redness) values, while b* (yellowness) values did not
significantly differ. The highest differentiation between ranges of
fat colour was noted in b* values, whereas L* and a* slightly dif-
fered. Moreover, visual assessment of beef marbling by four grades
(small, moderate, good, and rich) and instrumental (microstruc-
tural) analysis using a computer image analysis system were car-
ried out. The morphometric study of marbling was conducted in
accordance with the principles of system quantitative analysis. To
perform quantitative measurements, object analysis parameters
(area) were specified. Both automatic and manual measurements
of specified parameters were used. The study of Longissimus dorsi
marbling established high agreement between visual and instru-

mental evaluations of marbling.
Introduction

Colour is an important quality characteristic reflecting
the functional and technological properties of meat and
necessary factor for customer attraction and commercial
success. Furthermore, the colour values indicate many
physiological and biochemical processes.

Certain colour of different substances is due to their in-
teraction with visible part of the electromagnetic spectrum
(400-750 nm). Meat colour formation is more complicated
process compered to staining of inorganic substances. The
complexity is due to the involvement of molecular oxygen,
tetradentate porphyrin ligand with an extensive system of
conjugated double bonds, oxidizable Fe** ions, and other
factors [1].
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[Toutu Bce cOBpeMeHHbIe CIIOCOOBI U3MEPEeHUs 1Be-
Ta OCHOBaHbI Ha cucteMe crermbukannn nsera MKO.
Haspanme sBnsgercs ab6peBmarypoil (paHI[y3CKOro
Ha3BaHMA MeXXIYHapOJZHOV KOMMCCHUM TIO OCBEIEeHNIO,
KOoTOpasA ycTaHoBuna 3Ty cucrtemy B 1931 ropy. XorA
C TeX IOP B CUCTEMY BHOCUNNUCH V3MEHEHN, €€ OCHOB-
Hasg CTPYKTypa M IPUHILUIIBI OCTAINCh HEM3MEHHBIMH,
U OHa IIMPOKO UCIOJIb3yeTcs B HacToAllee BpeMs. Llenb
cucreMpl MKO 3akioyaercss B TOM, YTOOBI yKasarb,
KaKuM 06pasoM MOXKHO BOCIIpOM3BeCTU LiBeT. IIpmHs-
Tas B HacTOsiljee BpeMs TeOpus LBETHOCTHU Oasupyer-
CA Ha TpeX 3aKOHAX CJIOKEeHUs 1]BeTOB, YCTAaHOBJIEHHBIX
[paccmanowm. [2, 3]

[oBsiiHa ABIsSETCS Ba>KHbBIM BUAOM MsCa B IIATa-
Hum denoseka. Ilo pmaHHBIM MMHUCTEPCTBA CEIbCKO-
ro xossaiictea P®, mpoussonctso roeaauHel B Poccun
B a0CONIOTHOM BBIP@KEHUM PacTeT C KaX/BIM TOJIOM.
Tak, B 2015 rogy, B CTpyKType IMPOM3BOJCTBA KPYITHOTO
poraroro ckora Ha y0oil BO BCeX KaTeropusax XO3SICTB
(2879,5 ThIC. TOHH) MOMA CHELMANM3UPOBAHHOTO MsIC-
HOTO U IIOMECHOTO CKOTa gocturia 451,4 ThiC. TOHH, YTO
cocrasnseT 15,7 %. 3a AHBapb-Aekabpb 2015 roga 06bveM
MIPOMBIIIIEHHOTO TMPOM3BOACTBA TOBSAMHBI (BKIIIOYAs
cyOnponykThl), coctaBua 271,9 Toic. ToHH (+11,0 K cooT-
BeTCTByIoLeMy nepruony 2014 r.) [4]. PocT moronosss crie-
LMa/1M3MPOBAHHBIX [IOPOJ, ¥ X IIOMecell CTUMYIUPYeTCs
IOTUpPOBaHNEM 13 OI0JPKETOB BCeX YPOBHeii [5].

B macrosmee BpeMsA 3alHTEPECOBAHHOCTb POCCHUII-
CKUX NpEeANpUATUIA B IPOU3BOJCTBE Kauye€CTBEHHOI TO-
BAJVHBI pacTeT C KaXJbIM rofoM. Vicnonb3oBaHue npu
BBIpAI[MBaHUM U OTKOpMe MOJIOfJHAKA KPYIHOTO pOra-
TOTO CKOTa MACHOTO HallpaBjieHNA MPOAYKTUBHOCTHU IIO-
3BOJIAET NPENIPUATUAM IIOTyYaTh IIPOKYKIMIO BBICOKOTO
Ka4yecTBa, COOTBETCTBYIOUIYIO CAMBIM CTPOTMM MUPOBBIM
CTaHJapTaM, ! YBEPEHHO [BUraThbCA B HAIPaBIECHUN 3a-
MeIlleH!s VIMIIOPTHO TOBAJUHBI Ha POCCUIICKOM pBbIHKE
MpOAYyKIMell 0TedeCTBEHHOTro IpousBofcTBa. IIpu sTom
UCK/TIOYUTE/IbHO Ba)XXHBIM SIB/ISIETCS BOIPOC OOBEKTUB-
HOJI OLIEHKV TOBSIIVHBI U JaJIbHEIIIIIero ee MCIIOIb30Ba-
HUS B 3aBUCUMOCTHY OT ITOKa3aTesiell KayeCTBa U TeXHOJIO-
TUYEeCKIX CBOJCTB.

Bo BceM Mupe yXe [gaBHO CIOXUIACh IIPaKTHKa
OL[€HKM TOBAJMHBI IO LIBETY MBIIIEYHON ¥ >XUPOBOIL
TKaHeil, TaK KaK 9TU II0Ka3aTeau OalT 0ObeKTUBHOE
NpeJCcTaB/IeHNe O KauecTBe MsACa, 3 KpoMe TOro, UX M3-
MepeHue JIeTKO OCYIIeCTBUTb B YCIOBUAX KOHBellepa Ha
JTalle pas3fie/IeHNs MOMyTYII Ha YeTBEPTUHBI Ha y4acTKe
paspmenku u ob6Banku. Ha ocHOBaHUM M3MepeHuUs IiBe-
Ta Msca M MPaMOPHOCTU MOXXHO CIPOIHO3MPOBATH €0
LIEHHOCTb, KaK /I IPOMBIIIIEHHOCTH, TaK U I/ IOTpe-
6urens [6]. B ABcTpanum, cunTaoeiics OGHUM U3 NIPU-
3HaHHBIX JTMAEPOB B chepe MPOU3BOJCTBA BBICOKOKAUe-
CTBEHHOI TroBAfuHBL, ¢ 2007 roga [eiCTBYIOT e[/HbIE
9Taj/IOHBI 1]BeTa MBIIIEYHOI U XXUPOBOI TKaHe!l 1 Mpa-
MopHocTu [7]. B KaHazie cucTema OLeHKY TOBSJUHBI IO
IoKasaTenAaM LBera cymectsyeT ¢ 80-x rogoB XX Beka
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Almost all modern methods of colour measurement are
based on the CIE colour specification system. The name
is an acronym in French for the International Commis-
sion on Illumination, which established the system in 1931.
Although, since the system has been amended, it’s basic
structure and principles have remained unchanged, and it
is widely used nowadays. The purpose of the CIE system
is to indicate how to reproduce the colour. Currently ac-
cepted theory of colour is based on three laws of colour
addition established by Grassmann [2, 3].

Beef is an important meat type in human nutrition. Ac-
cording to the Ministry of Agriculture of Russian Federa-
tion, beef production grows in absolute terms every year.
So,in 2015, in the structure of slaughtered cattle production
in all categories of farms (2879.5 thousand tons), the pro-
portion of specialized beef-producing cattle and crossbred
cattle reached 451.4 thousand tons, which is 15.7%. During
January-December 2015, the volume of industrial produc-
tion of beef (including offal), amounted to 271.9 thousand
tons (11.0 thousand tons higher compared to correspond-
ing period of 2014) [4]. The increase in livestock popula-
tion of specialized breeds and their crossbreeds is stimu-
lated by subsidizing from the budgets of all levels [5].

Currently, the interest of Russian companies in the pro-
duction of high quality beef increases every year. Growing
and fattening of young beef-producing cattle allows busi-
nesses in the Russian market to receive high quality prod-
ucts that meet the most stringent international standards,
and to move confidently in the direction of imported beef
substitution with domestically produced meat. However,
an extremely important question is the objective evalua-
tion of beef and its further use depending on quality pa-
rameters and technological properties.

All over the world, there is a long established practice
of beef evaluation by the colour of muscle and fat tissue,
as these indicators provide an objective view of meat qual-
ity. In addition, their measurement is easily carried out in
the conveying system at the stage of half carcass separation
into quarters during cutting and deboning. Based on meat
colour and marbling, beef value can be predicted, both for
industry and for the consumer [6]. Since 2007, Australia,
which is considered one of the recognized leaders in the
production of high quality beef, have established uniform
standards of meat and fat colour and marbling [7]. In Can-
ada, beef grading system according to colour indicators

was established in the 80s of XX century and is constantly
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Y TIOCTOSIHHO COBEPUIEHCTBYETCS J/IS MOBBIIIEHNA 00D-
€KTUBHOCTM ¥ HAMIY4IIETO COOTBETCTBUA IPEAIIOYTE-
HUAM noTpeburereit [8].

OpHnako, Kak ITOKasano IPOBElEHHOE HaMU IIpefiBa-
pUTENbHOE M3YYEeHME CYIIECTBYIOLIE MUPOBOI IIPAKTH-
KM CTaHJapPTU3ALUV TOBANVHDI, €IMHBIX STaJIOHOB LIBETA
MBILIEYHON U KUPOBOM TKAaHU U MPAMOPHOCTU B MUpe
He CyIIeCTBYeT. DTO CBA3aHO C HAI[MOHATbHBIMY OCOOEH-
HOCTAMM BBIPAIIMBaHMA ¥ OTKOPMa KPYIIHOTO POTaToro
CKOTa, a TAKXXe C Pa3AUYHBIMI IPENIOYTEHNAMN TIOTPe-
Ourerneit.

B cBA3KM ¢ 9TMM BO3HMK/Ia HEOOXOHMMOCTb B paspa-
60TKe 5TaJIOHOB IIBETAa MBIIIEYHOI TKaHM, IIBETA SKUPO-
BOJ TKaHI ¥ MPaMOPHOCTH, IIPUMEHUMBIX K POCCUIICKAM
YCTIOBMAM, C YY€TOM OCOOEHHOCTET BBIPAIMBaHNA KPYTI-
HOTO POTaToro CKOTa U MIPOM3BOACTBA FOBANMHBDI, Ha Oase
KOTODPBIX BIOCTEACTBMM OyAyT CO3laHBI OOBEKTMBHBIE
U TOCTOBEPHbIE SKCIIPECC-METOMbI OLEHKM KavyecTBa Io-
BAJIVIHBL

MaTepmam,I n METOAbI

JIns onpeneneHysa [jBeTa MbIIIEYHON ¥ KMPOBOIN TKa-
HI B IIPOM3BOJICTBEHHDIX YC/IOBMAX UCIIONIb30BA/IM CIIEK-
tTpodoTtomerp Konica Minolta CM-2300d (mpomnssopu-
Tesnb: SImoHm).

Tak Kak Ipy BU3Ya/IbHON OLieHKe IBeTa MsAca 3Ha4YM-
Te/IbHOE BAIMAHNE OKa3bIBaIOT ICTOYHUK CBETA U YTOJI Ha-
6mopenns [9, 10], Bce uaMepeHMs IPOBOAVIIN IIPY ICTOY-
HUKe ocBelleHuss D65 (cTaHmapTHBI [JHEBHOI CBeT)
C yI7IoM HaOJofieHus 2°, KaKgoe U3MepeHye MpOBOVIIN
C JIBYyKPaTHOJI ITOBTOPHOCTBIO, 33 Pe3y/IbTaT M3MepPeHNs
IPUHUMA/IN CpefHee apudMeTIiecKoe ABYX U3MepeHMIL.

I cTatucTideckoir 06pabOTKY JAaHHBIX MCIIONb30-
Ba/I KOMIIbIOTepHble mporpamMmbl MS Excel, IBM SPSS
Statistics.

VsmepeHusa NpOBOAMIM Ha [IMHHENIIEN MBbIIIIe
crimubl (L. dorsi) MonopHska (fo 24 MecsleB) KPYIIHOTO
pOraToro CKOTa Pas3/lIMYHBIX HAINpaBIE€HUI NPOJYKTUB-
HOCTY — MACHOTO (IIopopsl abepayH-aHryc, repedopn)
U MACO-MOJIOYHOTO (IIOPOABI CMMMEHTA/IbCKas, YepHO-
nectpast). V3amepenns mpoBopwiu Mexny 12 u 13 pe-
6pamu. [ns cbopa MaHHBIX I[BETA MBINIEYHON TKaHU
Ob1710 TIpOBeeHO Ooree 150 M3MepeHMit, IIBeTa >KUPOBOI
TKaHu — Oonee 100 usmepennmit. Bce n3mepeHus: mpo-
BOIWINCH Yepe3 24 daca mocne y6os. VismepeHus 6buin
JICTIO/Ib30BAHBI JIJIS OIIpefe/IeH s IIBETOBDIX K/IACCOB MBI-
LIEYHO ¥ YKMPOBOJI TKAHE, XapaKTE€PHBIX [/ TOBANVIHBI
POCCUIICKOTO IIPOM3BOJICTBA, M YCTAHOBJICHMS CPEIHUX
(3TaIOHHBIX) 3HAYEHMII /IS KaXKIOTO K/Iacca.

[TpoBopgumy TakXe CpaBHEHNE BU3Ya/lbHON OLIEHKU
MPaMOPHOCTY TOBAAVHBI 10 YeTBIPEM CTeIIeHAM (HeOOob-
Iasi, yMepeHHasl, XOpolliasi, HacbllljeHHas1) ¢ IpUOOPHBIM
(MUKPOCTPYKTYPHBIM) aHa/IN30M C IPUMEHEHMeM KOM-
IBIOTEPHON CUCTEMBI aHa/IM3a 1300paxeHn i «AxioVision
4.7.1.0», aganTMpPOBAHHON /I TUCTOJIOTMYECKUX KCCIe-
JOBaHMUIA.
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being improved to enhance the objectivity and meet con-
sumer preferences the best way [8].

However, as demonstrated by our preliminary study of
existing world practice of beef standardization, there are
no uniform world standards of meat and fat colour and
marbling. This is due to national aspects of cattle breed-
ing and fattening, as well as various preferences of con-
sumers.

In this connection, there is a need to develop standards
of meat and fat colour and marbling applicable to Russian
market conditions, taking into account the aspects of cattle
breeding and beef production, on the basis of which objec-
tive and reliable rapid methods for evaluating beef quality

will be subsequently established.

Materials and methods

To determine meat and fat colour in a production en-
vironment, Konica Minolta CM-2300d spectrophotometer
(Japan) was used.

Since the visual colour evaluation is strongly influenced
by the light source and viewing angle [9, 10], all measure-
ments were carried out with D65 light source (standard
daylight) and observation angle of 2°. Each measurement
was performed twice, and the result was the average of two
measurements.

Statistical analysis of data was performed using MS
Excel and IBM SPSS Statistics software.

Measurements were carried out in Longissimus dorsi of
different young (up to 24 months) cattle — beef-producing
(Aberdeen-Angus, Hereford breeds) and dual-purpose
(Simmental, Black-and-white breeds). Measurements were
carried out between the 12th and 13th ribs. Overall, more
than 150 measurements of muscle tissue colour were car-
ried out, as well as more than 100 measurements for fat
colour. All measurements were taken 24 hours post-mor-
tem. The measurements were used to determine the colour
grades of meat and fat, which are characteristic of Russian
beef, and to establish average (standard) values for each
grade.

The comparison was carried out for visual assessment
of beef marbling by four grades (small, moderate, good,
and rich) and instrumental (microstructural) analysis us-
ing AxioVision 4.7.1.0 computer image analysis system ad-

justed for histological studies.
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Pe3ynbrarsl 1 06cyxeHne

B pesynbrare MaTeMaTn4eckoit 06pabOTKY HaHHBIX Ha
OCHOBAaHUV YCPeJHEHHBIX 3HAUeHMIl OIpefie/IeHbl IIATb
K/IaCCOB IO IIBETY MBIIIEYHOI TKAHM M 4YeTbIpe Kiacca
II0 IIBEeTY XKMPOBOII TKaH!U B cucTeMe Lab, koTopble npep-
CTaBJIeHbI Ha pUCYHKe 1 1 B Tabmmie 1.

YcTaHOB/IEHO, YTO 3HAYEHNA I[BeTa MbIIIEYHON TKaHU
MEeX/y Pa3IMYHBIMY KTACCaMy OT/INYAJINCD, TIPEXTe BCe-
ro, mokasatensmu *L (cBeriora) 1 *a (kpacHora), Torga
KakK IToKasaTenb *b (okenTmsHa) M3MeHsAJICA He TaK 3Ha-
4uTENbHO. B pesynbraTe pacyéra IPOLIEHTHON pa3HMUIIBI
YCTQHOBW/IM, YTO pasnnuus B mokasatene *L (cernora)
MeXJy Knaccamu 1 u 5 cocrapnawTt 69.05%, B mokasaTe-
ne *a — 64,0%, B nokasatene *b — 45%. IIBeToBoe pas-
mure dE Mexxy KaXXKIAbIMU IByMA COCETHUMIY K/IacCaMm
cocTaBwiIo 5 u 6osee, YTO ZOCTATOYHO IS BOCHPUATHA
IIBETOBOTO pasjM4us 4elIOBEYECKMM IIA30M — B Cpefi-
HeM, 4YeJIOBeK BOCIPMHMMAeT nBeToBoe pasmmune dE
B 3—4 eguHNIIBI 1 OoTTee.

CormacHo ganHbIM Benjamin W.B., Holman ¢ coasTo-
pamu [11], cpaBHeHMe MHCTPYMEHTA/ILHON OLIeHKY IIBeTa
TOBSIIVHBI C HPENIOYTEHNMAMN HMOTpeOuTesNeil BhIABIUIO
3aBJMCYMOCTb VM3MEHEeHNUsA IPe[IOYTeHMiI OT IIOKasare-
neit *L u *b, Torma kak M3sMeHeHue II0KasaTesis *a He OKa-
3bIBAJI0 3HAYUTE/NIBHOTO BJIVSAHNA Ha HMOTPEOUTETbCKYIO
OIIeHKy TOBAAMHBI II0 BHemHeMy Bupy. R.A. Mancini
n M.C. Hunt [12] B 0630pe cylIecTBYOIUX METO[OB
OLIeHKM (MHCTPYMEHTA/IbHOI M BM3YaJbHOM) MAcCa IO
MIOKa3aTeNTio [[BeTa YTBEP)KAAIOT, YTO Haubosbliee u3Me-
HeHIe IIBeTa MsACa BBI3BAHO, NPEXJe BCETro, M3MEHEHN-
eM nokasarens *L (csernmora). K aHa/morn4HbIM BBIBOJAM
npuium B cBoeit pabore R. Morales, A.P.S. Aguiar ¢ coas-
topamu [13], Ha ocHOBe ompoca 204 moTpebuTene, 4To
HpeAIOYTEH NS USMEHSAIOTCS, IPeX/ie BCETo, IIPY pasHuIle
MeX]y oKasarenamu *L.

B xome mpoBefeHHON 3KCIEPUMEHTATIbHON pPaboThI
B YCTIOBMSIX POCCUIICKMX MscCOIepepadaThIBAIOIUX TIpef-
HpUATHIL OBUIN HIOTy4eHbI JAaHHBIE, B pe3y/IbTaTe MaTeMa-
TUYECKOII 00pabOTKY KOTOPBIX OBUIN OIIpefieieHbl 3HaYe-
HIUS 9TA/IOHOB I[BeTa KMPOBOI TKaHM (Taot. 2).

YcTaHOB/IEHO, YTO 3HAYeHMsA IIBeTa >KMPOBOI TKa-
HU MEXJY pasJIMYHbIMU KIacCaMM OT/INYAJIVCh, Ipex/e
Bcero, IokasareneM*b (kxemtusHa). B pesymbprare pac-

Table 1. Average values of meat colour by grades
Ta6n. 1. CpeHite 3HaYeHA I{BETa MbILIEYHOIT TKAHY A/ KTACCOB

Parameter in Lab Ranges of colour values |
colour model | IInamasonsl nBeTa
IIBeTOBast MOTEND 1 2 3 4 5
L* 42+2  39+1.5 36x1.5 33x1.5 29+2.5
a* 25+2 2242 21+2 202 162
b* 20+1.5 162 151  12%2 9+1
Visual display
of colour |
BusyanbHoe
oTroOpakenue
nBera

54

1331

4928+

Figure 1. The graph of colour values distribution
Puc. 1. Tpaduk pacrpeneneHus mokasarerneit [iBeTa

Results and discussion

As a result of data mathematical processing on the ba-
sis of average values, five grades of meat colour and four
grades of fat colour were determined in Lab system, which
are presented in Figure 1 and Table 1.

It was found that meat colour values differ between
grades primarily by L* (lightness) and a* (redness), where-
as b* (yellowness) values varied not significantly. As a re-
sult, the calculation of percent difference determined that
the difference in L* (lightness) between grades 1 and 5 is
69.05%, as well as the difference in a* is 64,0%, and in b* is
45%. Colour difference dE between each two neighbouring
grades was 5 or more, which is sufficient for perception by
the human eye, as the average colour difference dE recog-
nizable by human is 3-4 units and more.

According to Benjamin W. B., Holman et al. [11], com-
parison of the instrumental analysis of beef colour with
consumer preferences revealed the dependence of prefer-
ences on L* and b* values, whereas variations in a* values
did not significantly influence the visual beef assessment
by consumers. R. A. Mancini and M.C. Hunt [12] in a re-
view of existing colour evaluation methods (visual and in-
strumental) of meat stated that the greatest variations in
meat colour were caused, first of all, by variations in L*
(lightness) values. R. Morales, A. P. S. Aguiar et al. [13] in
their work based on the interview of 204 consumers made
similar conclusions that preferences vary most of all with
the difference between L* values.

As a result of mathematical processing of data obtained
during the experimental work in the conditions of Russian
meat-processing enterprises, fat colour standards were
identified (Table 2).

It was found that colour values differ between grades
primarily in b* (yellowness). The calculation of percent
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Table 2. Average values of fat colour by grades
Ta6n. 2. CpegHite 3HaYeHUS IBETA KUPOBOIT TKAHU /1T KITACCOB

Parameter in Lab colour model |
XapakTepHucTHKa B IBETOBOII

Fat colour | ITser xmupa mopeu Lab
L* ar b*
/| 982 340.5 543
| a2 4+1 112
3‘ ‘ 91+1.5 4+1 2343
A | 8se3 6+1 3743

4yéTa IIPOLIEHTHOI pasHUIBI YCTAaHOBM/IM, YTO pas/ii-
41 B mokasarerne *L (cBeriora) Mexxpy kimaccamu 1 u 4
cocraBngaoT 10.02%, B mokasarene *a — 100,0%, B moka-
satene *b — 640,0%. AHamorMYHbIE JAHHbBIE MOTyJYeHbI
IIpY KOMIIBIOTEPHOM MCCIeJOBAHNY IIBETa XXMPOBOIT TKa-
HU TOBSOVHBI, BhIpauuBaemoii B ctanax Asum K. Chen
¢ coaBropamn [14]. Pasnuuns B mokasarene *b, a Takxe
B COfIEp>)KaHMM J>KMPHBIX KUCJIOT M B OPraHONENTHYe-
CKMX TIOKA3aTe/AX XKMPOBOJ TKAHM C PA3IMYHBIMU I[Be-
TOBBIMU XapakTepuctukamm ycraHoBunu A.P. Moloney,
M.T. Mooney ¢ coaBropamu [15] mpu n3ydeHnn moxasa-
Tejlell KaueCTBa JKMPOBON TKaHU MPJIAHJICKOTO KPYIIHOTO
poraToro ckora.

MopdomeTpuueckue MCCIENOBaHNs MPaMOPHOCTH
MIPOBOAVIN B COOTBETCTBMM C MPMHIUIAMU CUCTEMHO-
rO KOMMYECTBEHHOro aHanm3a. 1A IpoBemeHMs KOmu-
JeCTBEHHBIX M3MEepeHMI 3aflaBany MapaMeTpbl aHaIn3a
obpekra (mnomans). [IpumMeHsnM Kak aBTOMaTUYECKOE,
TaK I py4HOe M3MepeHMe 3alaHHbIX IapaMeTpoB. Ilony-
YeHHble pe3y/nbTaThl (Tabmuua 3) mepeBOAWIN B Apyrue
KOMIIBIOTEPHBIE IIPOTPAaMMBI /I JaJIbHeIIell CTaTNCTI-
4ecKoit 06paboTKu.

[lonyueHHble [aHHBIE CBUAETEIbCTBYIOT O COBIIAfe-
HUY BU3YaTbHOI OLIEHKM MPAMOPHOCTU C HPUOOPHOI
(MUKPOCTPYKTYPHOII) ¥ BO3MOXKHOCTM IIPYMEHEHNS
B IIPOMBIIIIEHHBIX YC/IOBUAX KaK NMPUOOPHOIL, TaK M BU-
3ya/IbHOI OLJeHK) MPaMOPHOCTI.

BriBopbI

YcraHOBIEHDI CpefjHMe 3HAUEeHMA 1]BeTa I10 IOoKasare-
nam L, a, b 1 kaxporo auanasona MpIIeYHON 1 XXUPO-
BOJI TKaHell MOTOAHAKA (o 24 MecsAleB) KPYIHOTO po-
raToro CKOTa pas/jIM4YHbIX HAIIPABJIEHNI IPOLYKTUBHOCTH
Y IIOPOf.

IToxasaHO coBIafieHMe BU3Ya/lbHONM OLEHKM MpaMop-
HOCTY C IPUOOPHOI (MUKPOCTPYKTYPHOII), YTO ITO3BOJIS-
eT CIeNlaTh 3aK/II0YeHMe O BO3MOXXHOCTY UCIIO/Ib30BaHNA
3TAJIOHOB IIPU OINpPefe/IeHNI Ka4eCTBA TOBANUHBI IO 3TO-
MY IIPM3HAKY.
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Table 3. Comparative assessment of beef samples marbling
Ta6m. 3. CpaBHUTETbHAS OLIEHKa MPAMOPHOCTH 00Pa31[0B TOBS/IIHBI

Microstructural analysis of fat
tissue inclusions in one image |

Ma_r bliilg MuKpoCTpyKTypHBIii aHA/II3 BKIFOYeHMIT
Item | visua t| JKIPOBOJI TKAHM B OTHOM CHIMKE
’ ;S;:;:I:::aﬂ area, % of the
L OlIeHKa total image area |
, Pes.
1y number, pcs. | oD, %
MPaMOPHOCTHI  KO/IMYECTBO, IIIT. X oGmelt Hn(;manm
CHIMKA
Small |
1 He6onpmias 296 10.2
2 Moderate | 514 16.55
YmepenHas

difference determined that L* (lightness), a* (redness), and
b* (yellowness) values varied between grades 1 and 4 by
10.02%, 100.0%, and 640.0%, respectively. Similar results
were obtained by K. Chen et al. in a computer study of fat
colour in beef grown in Asian countries [14]. During the
study of quality indicators of fat in Irish cattle, A.P. Mo-
loney, M.T. Mooney et al. revealed variations in b* values,
fatty acids content and sensory properties of fat with differ-
ent colour characteristics [15].

The morphometric study of marbling was conducted in
accordance with the principles of system quantitative anal-
ysis. To perform quantitative measurements, object analy-
sis parameters (area) were specified. Both automatic and
manual measurement of specified parameters were used.
The results obtained (Table 3) were transferred to other
software programs for further statistical processing.

The findings suggest the agreement between visual as-
sessment and instrumental (microstructural) analysis of
marbling and the potential application of both methods in

industry.

Conclusion

Average values (L*, a*, b*) for each range of meat and
fat colour from different young (up to 24 months) cattle
were established.

High agreement was shown for visual assessment and
instrumental (microstructural) analysis of marbling allow-
ing the possibility of standards implementation to deter-

mine the beef quality by this parameter.
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