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AHnnomauyus

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

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

ment helps to obtain the finished product of desired color.

BBenenue

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

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

ITponecc moxopyuyHeBeHMs (OpayHMHT) BO MHOTUX
IPOAYKTaX y/IydllaeT OPraHONENTUYeCKue IT0Ka3aTes,
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MOCKO/IbKY IIPU 9TOM IPOAYKTHI IPUOOPETAIOT IpUBIIe-
KaTe/IbHBII 30/I0TUCTBIIT VIV KOPUYHEBDII 11BeT (x1e6Has
KOpOuKa, KoQeliHble 3epHa), YTO IOBBIIIAET Ha HUX IIO-
Tpeburenbckuit cupoc [6,7,8,9].

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

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

Marepuanbl U METOAbI

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

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

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

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

PesyanaTm n 06CY)KI[CHI/IC

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

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

Pesynbrarhl M3ydeHMs IBeTOPA3HUILIbI, BU3ya/bHble
U YJC/IOBble XapaKTepPUCTUKMU M3MEeHEHMS I[BeTa McCrle-
ZlyeMOTO MsCa TOBAAVHBI, 00>KapeHHOTO P Pas/INIHbIX
TeMIIepaTypHO-BPEMEHHBIX IIpOrpaMMax IpefiCTaBIeHbI
B Ta6. 1.
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Konrponb 10 MunyT 20 MuHyT 30 muHyT KonTtpomnb 10 MunyT 20 MuHYyT 30 MunyT
40 MuHYT 50 MuHyT 60 MuHYT 70 MuHyT 40 MUHYT 50 MuHyT 60 MuHYT 70 MuHYT
80 MunyT 90 MuHYT 100 munyT 110 munHyT 120 munyT 80 MuHyT 90 MuHYT 100 munyT 110 munyT 120 munyT
a) 6)

Kontponb 10 MunyT 20 MuHYT 30 MunHyT Konrponb 10 mynyT 20 MuHYT 30 MuHYT
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80 MmuHyT 90 MuHYT 100 munyT 110 munyT 120 munyT 80 munyT 90 MuHYT 100 munyT 110 munyT_ 120 munyT
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T
Puc. 1. O6pasiipl Msica roOBSAMHBIL, OJIBEPTIIETOCS TEMIOBOIT 06paboTke mpu temieparype: a) — 120°C, 6) — 150°C, 8) — 180,°Cr) — 210°C

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

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

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

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

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

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

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

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

HOH-2 ObUIM OOHAPY>KEHBI IIPM JINTEIbHON CpefHeTeM-

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

KOPOTKO BPEMEHHOI 1 IJIUTeIbHON CpefHeTeMIIepaTyp-

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

NUPUANH ObUT OOHApPYXKeH B 3HAYMTE/IbHBIX KOMNYECTBA

B 00pasiax, MpOLIeAIINX BICOKOTEMIIEpaTypHYI0 obpa-

601y mpu 180-210°C.

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

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

— KETOHBI: 6yTaH0H—2, rernTaHOH-2, OKTaHIMOH—4,5, OK-
TaHOH-2, HOHAHOH-2, eKaHOH-2, 2,3-TeKCaH/IOH;
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cnmptel: 6ytanon-1, GypdypuaoBslil cnmprt, remra-
HO-1, mponeH-2-on-3, okTeH-1-01-3, rekcen-1-o01-3,
2-3TUNAreKcaHon-1, OKTaHon-1, 2-MeTuI IponaHon—-2;
TepIIEHBI: TMMOHEH;

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

3akiaodyeHne

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

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

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

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

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

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

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

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

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

Materials and methods

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

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

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

Results and discussion

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

Images of the analyzed samples are shown in Figure 1.

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

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

.

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

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

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

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

44



2018 | N24 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

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

........ o

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

anjea 10[0d

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

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

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

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

........ e

anpeaA 10[0d

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

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

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

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

........ o

.. anfea 10[0d

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

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

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

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

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

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

urw ‘uoneinp Sunseoy

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

45



THEORY AND PRACTICE OF MEAT PROCESSING N24 | 2018

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

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

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

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

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

The analysis revealed the following groups of sub-
stances:

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

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

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

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

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

Conclusions

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

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

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

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