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AHnnomauyus

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

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

meat products.

BBengenne

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

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

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

AN UUTUPOBAHUA: TomaweBuu U.b. CucTema KOMMNbIOTEPHOrO 3pEHUA AN U3MEpPEeHUsA LBETOBbIX MapaMeTpoB MAcCa U MACHbIX NPoAYKToB: 0630p.
Teopus u npakTuka nepepabotku msaca. 2018; 4(4): 4-15. DOl 10.21323/2414-438X-2018-3-4-4-15

FOR CITATION:

Tomasevicl. B. Computer vision system for color measurements of meat and meat products: A review. Theory and practice of meat

processing. 2018;4(4): 4-15. (In Russ.). DOI 10.21323/2414-438X-2018-3-4-4-15



2018 | N24 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

MHOYKECTBA HOBBIX TEXHOJIOTMII OIIEHKM CeTbCKOXO35ii-
CTBEHHO!I ¥ NMNIIEBOJ NMPOAYKIVM BBIJIETIAETCA CUCTEMA
KoMIbloTepHOro 3peHus (cucremaCVS), mcrmonbsyemas
VIS MISMEpEeHNs 1[BeTa IIPOAYKTOB muTanus [6,7,8]. Llenn
HACTOALIEro 0630pa 3aK/I0YaeTcsi B TOM, YTOOBI OINCATh
npuMeHeHne cuctemMpl CVS B OlLleHKe 11BeTa Msca ITULLBI,
MsICa INYM U MACHBIX PO YKTOB C Pa3INYHBIMY PU3MYe-
CKVIMM CBOJICTBaM, @ Tak>Ke IIPECTaBUTD ee IIpenuMyllle-
CTBa IO CPaBHEHMUIO C TPAANLIMOHHBIM METOJOM M3Mepe-
HUS [IBETA.

Marepuasnbl ¥ METORBI
O6pa3supL MACA U MACHBIX NPOOYKMNOE

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

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

Konopumemp Minolta CR-400

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

Cucmema komnvromeptozo 3penus (CK3)

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

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

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

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

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

Pasnuuus 6 yseme

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

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

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

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

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

AC=Ct-C (3a)
AL=L¥-L* (3b)

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

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

Hccnedosanue cxoocmea

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

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

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

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

Cmamucmuueckuii aHanus

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

Pesynbprarsl 1 06CyXeHne

Msco nmuuyot

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

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

Msco mTHIbI CVS

Konopumerp

Kypuna

Nnpeiika

YTKa

I'ycp

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

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

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

Msco puran Konopumerp

Ilepenen

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

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

MscHvie npodykmuvl

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

IIpopykt (A Konopumerp

T'oBsixmit mamreT
IleyeHOYHBIIT MAIITET
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900000

\
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\\
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CBUHOI MPOIIYTTO

T'oBs>KuMit mpouryTTo

Coipas Konbaca

. .“

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

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

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

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

IIpomyxr M:cHoit pparment Kuposoii pparment

CVS Konopumerp

a) JABYXIIBETHbIE CVS Konopumerp

Mopragenna

KomueHslit 6eKoH

CpIpoBsieHast
CBMHAA LIEJKa

[TanuerTa

b) HepaBHOMepHO
OKpallIeHHbIe

CbIpoKomyeHast
Konmbaca
U3 TOBSIIVHbI

CbIpoKITyeHast
Konmbaca
U3 CBUHUHBI

CBUHO

rambyprep

ToBsxmit
rambyprep

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

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

CVS no cpaBHeHNI0

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

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

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

Hccnedosanue cxoocmea

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

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

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

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

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

3akiaodyeHne

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

Introduction

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

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

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

Material and methods
Samples of meat and meat products

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

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

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

Minolta CR-400 colorimeter

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

Computer vision system (CVS)

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

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

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

Color changes

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

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

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

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

C*=AN(a+b) 2)

The difference in Chroma and lightness value was cal-

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

AL=L*-L (3b)

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

AH =~NAE* - AL* + AC?

Similarity tests

(4)

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

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

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

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

Statistical analysis

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

Results and discussion
Poultry meat

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

Colorimeter

Duck

Goose

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

Game meat

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

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

Rabbit

Pheasant

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

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

Meat products

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

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

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

Product Meat part

CVS Colorimeter

T
Smoked bacon \

200
ee

Fat part

CVS  Colorimeter

a) bi-colored

Mortadella

Dry porck neck

Pancetta

b) non-uniformly
colored

Beef fermented
sausage

Pork fermented
sausage

Pork hamburger

Beef hamburger

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

Similarity tests

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

Frequency of similarity

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

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

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

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

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

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

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

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

Conclusions

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