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Annomauus

Hccnedosariie nposoousiocs ¢ yenvio U3y4eHus UsMeHeHUll U6emosbLx XapaKkmepucrmux MACHbLX NpooyKmos 3a cuem dobasrne-
Hust HamypanvHoti senamoi conu (YS) u monooxcuda yenepoda (CO). Ilocne 06pabomki c6UHUHDL HUMPUMOM HAMPUS 8 KO-
nuuecmee om 0 0o 100 ppm, dobasnsnu YS unu NaCl 6 konuuecmee 2 % u aHanu3uposany onmuueckum memooom usmeHeHue
usema. Codeprcariie nuzmeHma 2ema 6 Mace Mmakxe onpedessny onmueckum (cnexmpogpomomempuueckum) memooom. boino
obHapysxeno, umo YS npusooum k dopmuposanuto 6osee evipaxeHH020 kpacHozo usema no cpasreruro ¢ NaCl, umo ykasoi-
saem HA Mo, Mo codepianue OCMAMOUH020 HUMPUMA U HUMPAMA 6 MACHbIX NPOOYKmax, codepycawsum YS, sHauumenvHo
svlule, XOMsA Ux Konuuecmso 8 YS 006801vHo Hesvicokoe. IIpucymcemeue numpuma 8 YS e moxem ob6vsicHumyv appexm YS
npu gopmuposanus yeema. ITockonvky YS codepscum He MobKo HUMPUM, HO U HUMPA, MO UCCIe008ANU MAKHE BNUTHUE
HUMpama Ha crMabunbHOCMb ysema 6apeHblx NPooyKmoe us céurunvl. Humpam npedomepauian cHuseHue KOHYeHMpauuu
HUmMpUmMa u nomepio Usema 6apeHoli coneHoll semuuHvl. boiio 06HAPyIHeHO, U0 CKOPOCMb CHUNEHUS YPOBHI HUMPUMA
YMEHbUACTCS ¢ YBeTuteHUeM COOePHAHUL a30mHoti Kucnomol. Humpam, no-suoumomy, He Aénsemcss 00HOPoM Humpuma,
U NPenAMCIMeyem 60CCHAHOBIEHII0 HUMPUMA 6 8APEHbIX MACHBIX NPOOYKIMAX U, CTIe008ANENbHO, YIyHidem CrnabunvbHoCcb
usema. Humpam, codepiuausuiics 60 MHOUX COPIMAX KAMEHHOLL COMU, KAK U 6 HAULEM CTLy4ae, MOXEm YIy4uiums gopmuposa-
Hue ysema. Obpabomxa cuHuHvL MoHookcudom yenepooa (CO) svizvisana obpasosariue kapookcumuoznobuna (COMb) ¢ no-
cnedyouum popmuposaruem KpacHozo ysema msca. boino nokasano, umo COMb cmabunvro 0bpazyemcs npu pH om 5,0 do
8,0, A6NACMCT MEPMOYCHOUUUBLIM, MOXE Obib SKCMPAZUPOBAH 6000Ti, HO NPAKMUUECKU He IKCIPAZUPYEMC AUeMOHOM.
Taxxce 6vi710 06HAPYHEHO, UMO OKCUO d30ma 6oriee mecHO cés3aH ¢ muoenobuxom (Mb), uem CO. Ommeuero, umo 80 écex uc-
C71e0yeMbiX MACHBIX NPOOYKMAX HUMPOIUTI-MU02TIOOUH A6AEMCA cmabunvHbim. [Ioka3zano makxce, 4mo MOHOOKCUO Yerepooa
MOdMCEM 6IUAMNb HA CeNeHb OKUCTEHUS TUNUOOS.
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Abstract

This study was carried out to examine the reddening of meat products due to the addition of natural yellow salt (YS) and carbon
monoxide (CO). Following YS or NaCl addition at 2 % to pork subsequent to nitrite (0~100 ppm) treatment, color development due
to this addition was analyzed optically. Heme pigment content in the meat was also determined spectrophotometrically. YS was
found to bring about greater reddening than NaCl, indicating residual nitrite and nitrate content to be significantly higher in meat
containing YS, through the amount of either was quite small. The nitrite itself in YS could never explain the color formation by the
YS. Because the YS included not only nitrite but also nitrate, the effects of nitrate on the color stability of cooked cured pork were
examined. Nitrate inhibited the nitrite decrement and discoloration in the cooked cured ham. The degradation rate of nitrite was
clearly found to decrease with nitric acid content. Nitrate does not appear to serve as a donor of nitrite, but rather inhibits nitrite re-
duction in cooked meat products, with consequent prolongation of color stability. Nitrate, observed in many rock salt and also in this
case, could enhance the color formation. CO treatment of pork caused the formation of carboxy myoglobin (COMb) with consequent
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reddening of the meat. COMb was shown to be heat-stable and form stably at pH 5.0 to 8.0 and to be extractable with water, but
was barely extractable at all with acetone. Nitric oxide was found to have greater affinity toward myoglobin (Mb) than CO. Nitrosyl
Mb was noted to be stable in all meat products examined. CO was seen to be capable of controlling the extent of lipid oxidation.

1. BBemenmue

IIBeT Msica SIB/IsIETCSI OCHOBHBIM (aKTOpPOM, OIpefie-
JIAIONINM JTI060€ pellleHye O TOKYIIKe MACHOTO IPOAYKTa,
U y>Ke TIOTOM OILIEHMBAIOTCS TaKye ITapaMeTphbl, KakK 3amax,
BKYC WIM TeKCTypa. BelecTBa, mpefHasHayeHHbIe IS
¢dbopMMpoBaHMA IIBETa, TaKMe KaK HUTPUTHI U HUTPATH,
IpU3HAHBI BecbMa 3¢ (HeKTUBHBIMY, HO II0 COOOpakeHN-
AM 6e30I1aCHOCTY NMILEBBIX IIPOAYKTOB CTENeHb UX VIC-
II0/Ib30BAHNA OTPaHNYEHA.

B oTBeT Ha 3a1mpocsl OTpebuTeNell B HACTOsALIEE Bpe-
Ms Bce 6ofbllle BHUMAaHMA yAensAeTcsa 0e30macHOCTU M-
I[eBBIX MPOAYKTOB. B CBA3M ¢ 9TmM, B HacTosIee BpeMs
BefleTcsl pa3paboTKa CIIOCOOO0B JyIA YBEIUYEHVS VHTEH-
CUBHOCTY I1{BETOBBIX XapPAaKTEPUCTUK MSCHBIX IPOJYKTOB
C MICTO/Ib30BaHMeM KaK MOYXHO MEHBILIETO KO/IMYeCcTBa HM-
TPUTA ¥l HUTPATa, HO C IPYMEHEeHVeM HaTypalbHBIX KOM-
noHeHTOoB (1, 2]. Kak B fInonmm, Tak u 3a py6exom mpo-
BOJIAT MCCIENOBaHNA C Le/IbI0 3aMEHUTb TPAUIVIOHHbIE
[IOCOJIOYHBIE KOMIIOHEHTbI HATYpPa/JbHBIMM BellleCTBAMMU
JKMBOTHOTO ITIPOMCXOXKMIEHNS. Pesy/bTaThl JOIDKHBI IIOA-
TBEPAUTD VX 3P (EKTUBHOCTD C TOYKM 3PEHNS YTy dIIeHVA
¥ COXpaHEeHNs1 IPYBJIEKAaTe/TbHOTO BHEIIHETO BY/a IPOLYK-
TOB, a TAK)Xe 0€30IIaCHOCTD 1A 3TOPOBbS YeIOBEKa.

OnHako Npy TPOBelEeHUM MCCIeSOBaHMII OBIIM OT-
Me4eHbl HEKOTOpble Mpob/IeMbl ¢ pOpMUPOBAHMEM MK
HoTepeli KpacHOTO IiBeTa MACHBIX NPOJYKTOB, /I KOTO-
PbIX HeoO6XoaMMO HaiiTu 3¢ deKkTuBHbIe penreHns. Panee
€cO00IIAIOCh O BAMAHNUY TMMAJIaICKOI KAMEHHOI COIM Ha
(dhopMupoBaHMe KPacHOTO LIBeTa MACHBIX IIPOAYKTOB [3].

B HeconeHbIX MACHBIX IPOAYKTaX OCHOBHOV IIPUYIHON
dbopMupoBaHMsT KPaCHOTO IIBeTa MOXKHO CUUTATh KapOOK-
cummornobus (COMDb). Monookcup yriaepozaa (CO) npou-
HO cBsi3bIBaeTcsi ¢ mmornobuuom (Mb) ¢ obpasoBanmem
COMD, xoTopbIit 00/1ajjaeT yCTONYMBBIM SAPKO-KPACHBIM
nseroM. B fInonnn no6asnenne CO B nuieBble IPOLYKThI
3alIpelljeHO 3aKOHOM, XOTs B JIPYTMX CTPaHaX 9TO COeMy-
HeHe TPYMEHAETCA /IS YIAKOBKY IVIIEBbIX IPOJYKTOB
B MOAV(UIMPOBAHHOI T'a30BO Cpefie, M €ro MCIIONb30-
BaHIe B MACHBIX ITPOAIYKTaX TLIATe/IbHO M3ydaercs [4, 5].
Ecmn CO cMokeT CHU3UTD cofiepsKaHue HUTPUTa B MACHBIX
HPOAYKTAX, TO €r0 VCIO/Ib30BaHe He JO/DKHO CTOMTKHY Th-
51 C BO3PaKEHVSIMU CO CTOPOHBI IIOTpeOUTEIeIt.

HarypanbHble comyu, 0COOEHHO Te, 4TO CONEpKarcs
B TMMaJIaiiCKMX KaMEHHbIX TOPOJaX, MOTYT OKa3aTbCsl HaM-
6onee nogxoAIMMHM 1151 GOPMUPOBAHMS KPACHOTO 1IBETA
MSICHBIX TPOJYKTOB, IIOCKO/IBKY OHU COZlep>Kat HeOOoIbIIoe
KO/IMYEeCTBO HUTPUTA U HUTPATA, A TAKKe Pas3INIHble M-
Hepasbl. TakuM 06pa3om, Ipy MPOBEEHNN MCCIE[OBAHNMI
u3y4Jasnach >xentad conb (YS) M3 rmmanaiickmx mopoy Ha
npenMeT (GOpMUPOBaHMA KPAaCHOTO I[BeTa MACHBIX IIPO-
IYKTOB, ¥ pe3y/IbTaTbl CPABHUBAINCH C AAHHBIMMU, IIOTY-
YeHHBIMU JU/IA TPAAUIIVIOHHBIX IIOCOJIOYHBIX CMECell.
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B mporiecce popmupoBaHus 1iBeTa HUTPAT CUUTAET-
Csl TIpeJIIeCTBeHHNKOM HUTPUTA BBUIY €rO BOCCTAHOB-
nenus nocpenctsoM Oakrepuii. Alley, Cours u Demeyer
[6] mOKa3amy, YTO HUTPAT MOXKET CTAOMIM3MPOBATD 1IBET
MSCHBIX IIPOYKTOB, He IPOIIEALINX TEIIOBYI0 00paboT-
Ky. Ognako Ockerman u Kuo [7] cunralot, 4To HUTpAT 3a-
MeIIAeT CHIDKEeHVE YPOBHS HUTPUTA B BAPEHBIX COIEHBIX
MSACHBIX IIPOAYKTaX. Pa3muns B BBIBOZIAX 9TUX MCCIIENO-
BaTeJIell MOTYT OOBACHATHCA Ha/IMYMeM WM OTCYTCTBYEM
ackopbara HaTpusl.

Lenpio HaCTOSILETO MCCIENOBAHNS SBISETCS OIpefie-
JIeHUe CTeNleH) BOCCTAHOBJIEHNSA HMUTpATa IIOC/Ie TEeIUIo-
BOJI 00pabOTKM MACHBIX IPOAYKTOB, a TaKXe BIIUAHUE
€ro cofepKaHMA Ha KMHETHKY M3MeHEHWII YPOBHA HIU-
TPUTA B IPOLIECCE XPAHEHSI BAPEHOI CBUHUHBL

Kpome Toro, 6111 McciefoBaHbl HEKOTOPbIE CBOMICTBA
CO, Takue Kak ero ImpoyHoe cBs3biBaHMe ¢ Mb, npuso-
gsiee K GOPMUPOBAHMIO IPUBIEKATETBHOTO KPACHOTO
1BeTa Msca. bbUIo MpoBefeHo cpaBHEHME TaKUX IlapaMme-
TPOB, KaK TePMOCTaOM/IBHOCTD, IKCTPArupyeMocThb 1 00-
pasoBanre COMD npu pasnnunbix sHaueHusax pH. 3arem
npousBogHble Mb mopBepramuce crekTpooToMeTpu-
YeCKOMY McclefoBanmio nocne BeefeHnsa CO B HUTpo-
sun-muormobma (NOMDb). Taxoke 6bUIM MCCIETOBAHbI
aHTHOKcuiaHTHBIE 3¢ pexTsl CO B MACHBIX IPOAYKTAX.

2. Marepuasibl 1 METOAbI

2.1. OKcnepumenm c HAMYPATLHLIMU CONAMU

[lna mpoBemeHMA SKCIIEPUMEHTA  JCIONb30BaICA
OKOPOK CBMHON Tymm. Msco OKOpoKa ObUIO TIIATeTbHO
OYMILIEHHO OT XXMPOBOM U COENVHUTENbHON TKAHU U U3-
MenbueHo. B kaxnpiii obpasen msca fobasnsm YS min
NaCl B kommyectBe 2%, a Taxoke 0,1% ackopbara HaTpus
un NaNO2 B gnanaszone xonuesTtpanuit: 0, 10, 30, 50 wn
100 ppm. Ilocne 4-gHEBHOrO XpaHeHMA NPU TeMIlepaTy-
pe 4°C B aHa3pOOHBIX YCTIOBUAX M3MeTb4eHHbIE 00pas-
bl IOfiBepram TepmoobpaboTke npu 75°C B TedeHue
30 munyT. [IBET OLleHMBaNMM BMU3YaNbHO IOCIIE OXTAXKTe-
HIA 0o0paslia, a 3aTeM IPOBOAWIN M3MepeHNe C IOMO-
IBIO CIIeKTpasbHOro konmopumerpa. (CM-2002, Konica
Minolta, SInonns).

Koadournment popmuposanus nsera (CFR) [8] n co-
fep)KaHue NUIMEHTa reMa M3MepSIM C IOMOIIbIO 3KC-
Tpakuuu aneToHoM. Cofep)kaHle OCTaTOYHOTO HUTPUTA
U HUTpaTa oIpefe/nsiu o Merony Mirna [9] mocpenct-
BOM BOCCTAHOBJIEHNSA B METHO-KaJMI€BOl KOTOHKE.

2.2. Briuanue Humpama Ha éapexvie nPooyKmul
U3 C6UHUHDL

Bce I/ICHOJIbSyeMbIe XMMUKATbl OTHOCUNINUCH K CTaH-
[apTHOMY /1a0OPaTOPHOMY K/IacCy ¥ OBbUIM IPUOOpeTEeHbI
B koMmmauuy Wako Pure Chemical Industries (Tokuo, Smo-
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HudA). OHM MCHO/Mb30BaMUCh Oe3 Jja/lbHelIell OYNCTKN.
[l momy4YeHMsA ONBITHBIX IPOAYKTOB MCIIOIb30BaINCDh
Mblel Longissimus dorsi (L. dorsi, mokazarens pH=5,7)
u Biceps femoris (B. femoris, noxasarens pH =5,8), momy-
YeHHbIe OT 5-MeCAYHBIX CaMIIOB CBUHEN (TPeXIOpogHOe
CKpellBaHe: IAHAPAC, KPyIHas Oenas 1 JI0pOK).

OmnbITHBIE 00pa31Ibl BAPEHOIT KOIOACH 1 BETYMHBI TO-
ToBWwM 13 (apura B. femoris v menbHBIX KyckoB L. dorsi
cooTBeTCTBeHHO. Kaxkzpiit obpaser; B TeueHme 7 [Hei
HOZIBEPrajiCs TOCOJTY C MCIIONb30BaHMeM HuTpara (06o-
3Havamm Kak «+Hutpar») mwin 6e3 Hero (KoHTpoOnbHBII
obpaser;). Ilpum moconme 06pasios, (KaX/plil Maccoil
1500 r) ucnonbzoBanu 300 M paccona, CofiepyKaiero: 27
NaCl, 0,248 ¢ NaNO, u 0,728 r KNO, («+Hurpar») win
27 r NaCl un 0,248 r NaNO, (KoHTtpornb). 3aTeM KaX7[plit
obpasel; pasfe/si Ha 5 opumit Maccoit He Boite 300 T
U YIIaKOBBIBA/IM IIOZ BakyyMoM. [lasiee 06pasiipl mopBep-
raam TepMooOpaboTKe B BOASHOIL 6aHe Py TeMIlepaType
75°C B Teyenue 30 munyT u xpanunu npu 10°C ¢ ¢nyo-
pecuieHTHBIM ocBelieHreM (2000 TI0KC).

IIBeT M KOHLIEHTpaLMIO HUTPUTA UM HUTPaTa KOHTP-
ONIMIPOBA/IN €XeHeJleNIbHO B TedeHue 4 Henenb. Copeprxa-
HIle OCTAaTOYHOTO HUTPUTA M3Mepsn 1o MeToxy Sakata
n Nagata [10]. KoHeHTpanuio HUTpPUTa B IKCTPAKTe
OIIpefesIsiNM TIOCPefiCTBOM NPOXOXK/EHMSI SKCTPAKTa de-
pe3 Cu-Cd komoHKy (CKopocTb MoTOKa — 5 M/I/MuH). Pas-
HUIIA B KOHIEHTPALMM HUTPUTA JO Y MOC/IE IIPOXOXKJie-
HIIS Yepe3 KOJIOHHY IPeCTaB/IsAIa cOO0I KOHIIEHTPALINIO
Hutpata [11]. IIBeT moBepXHOCTM OOpasI[OB OLlEHMBAIN
MOCPENCTBOM MoKasareneit L*, a* u b* ¢ ucnonpzoBanuem
konopumetpa (CM-2002, Konica Minolta, Inonmns).

IKCIepUMEHT IIPOBOANUIIN in Vitro ¢ UCIIONb30BaHMEM
PEaKLMOHHBIX PAacTBOPOB, IOMYYEHHBIX CMeENIVBAaHUEM
2 M1t (2-X MOJIAPHOTO YKCycHOKucoro 6ydepa (pH=4,5),
1 m (0,1-monsspHOTO NaNOZ) ” 1 M fUCTU/IIMPOBaHHOM
Boyibl. COOTHOIIEHNE MEXIY CHVDKEHIEM YPOBHSA HUTPH-
Ta ¥ (HOpMUPOBAHNEM HUTpATa ONpeNe/AI Ha OCHOBE
3HAYEHUII ONTUYECKON IUIOTHOCTM C MCIIO/Ib30BaHNUEM
criekrpodoromerpa (UV-2700, Shimadzu, Anonus). Kon-
[IEHTPALMI0O HUTPATa PacCUNTHIBA/IN HA OCHOBE €r0 MaK-
cuMmyMa ipu finyHe BomHbI 303 HM. CHIeKTpBl ITOITIOMIeHNA
HUTPUTA U3MEHSUIUCDh II0 Mepe YBeMYEeHUA VIN YMeHb-
nreHus mokasarend pH, Tak kak M3MeEHS/IOCh copepika-
Hue Hurputa u HNO,. B cBssu ¢ stum fi71s onpenenenus
KOHIIEHTPaIMil HUTPUTA UCIO/NIb30BA/IN M300€CTUYECKYIO
TOYKY IpU JiIMHE BOMHBI 324 M mia uutpura u HNO,.
Kaxxzplit pacTBOp Ilepef MCIO/Ib30BaHVEM BbIIEeP>KIBAIN
npu Temuepatype 20 °C, a 3aTeM II0oC/Ie CMelBaHN BCeX
PacTBOpPOB M3MEpsIN ONTUYECKYI0 IVIOTHOCTb IIpU MJIN-
Hax BO/H 324 M 1 303 HM Kaxpble 20 cekyHp,. Vismepenns
npoBoawu 6onee geM 350 pas.

2.3. Ixcnepumenm c CO

COMb mnony4anmu ¢ HOMOLIbIO ONBITHOTO PacTBOpa
(0,1% Mb, 0,2% Na,SO,0,, pH=5,5 ¢ BBezieHMeM CO),
a 3aTeM 06pasIbl OfBepraay TepMmoobpadorke npu 70 °C
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B TedeHMy 20 MuHYT. Ilocie 3TOro perncTpupoBamm crek-
Tpbl nornoueHuss COMD npu n3menenun 3nadennit pH
ot 5,0-9,0.

O6pasipl Msca, MONTydYeHHble M3 OKOPOKA CBYHOI
TyIIM, OBUIM TIPEABAPUTEIBHO 0OpabOTaHbI MOHOOKCH-
fioM yrnepopa (k koropomy fo6asumu 100 ppm NaNO,)
U TIOfBEPrHYTHI IIOCONMY. 3aTeM WX BBIepXXUBANMNM IIpU
TemnepaType 2 °C B TedeHue 4 gHell. 3HadeHMe MOKa3a-
TenA a¥ uaMepsu crekrpoporomerpudeckn (CM-2002,
Konica Minolta, SInonus). COMb u NOMb skctparupo-
Ba/IM BOJOM MM 75 % alleTOHOM, a CIIEKTPbI OIIOLIeHNA
HO/Ty4YeHHBIX TaKUM 00pa3oM pacTBOPOB VCIONb30BA/IN
1A omipefenieHuns ctenieHu obpasoBanusa COMb. Oxuce-
HIle IMINI0B B K&KIAOM 00paslie Msica TaK)Ke OLleHUBaIN
HOCPE/ICTBOM aHanmm3a ¢ 2-Tno6apOUTYpOBOIL KICIOTON
(TBA) [12].

Ilnsa onpenenenns crenenu o6pasoanus COMb us-
MepsUIN CIIeKTpbl mornouenns pactsopa NOMb (0,1%
Mb, 1% ackopbara Hatpus, 0,1% NaNO,, pH=5,5), mpen-
BapuTenbHO obpadorannoro CO.

3. Pesynbrarsl 1 00cyKeHNe

3.1. BausHue xenmoii KameHHOU conu U HU3K020
YPO6HA HUMPUMA U HUMPAMaA HA Y6em Mca

B ¢apme ¢ go6asnennem NaCl n 6e3 uurpura CFR
VI TIOKasaTesb a* (KpacHOTa) OBUIM HIDKe, YeM B 0Opasiax
¢dapmra ¢ YS. B obpasiax dapua ¢ YS (¢ Hurpurom u 6e3
Hero) kpacHoTta MaAca u CFR mpesbimanu 70 %, HecMo-
Tps1 Ha HU3KUII yPOBeHb HUTPKUTA B AMamnazoHe oT 0 1o
100 ppm (Puc. 1).
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Puc. 1. Koaddumnment Gpopmuposanns nsera (CFR)

ITo cpaBHeHMIo ¢ obpasuamu, copepxkamymy NaCl,
yPOBEHb OCTATOYHOTO HUTPUTA OOBIYHO ObUI BBIIIE
B (apue ¢ fobasnenuem YS (Puc. 2). Cama YS comepsxut
Oornpllle HUTPUTA, YeM HUTpara. Takum obpaszom, ObUIO
II0Ka3aHo, 4T0 YS a¢dexTuBHO ynyuuaer GopMupoBa-
HIJle KPacHOTO IjBeTa Msca. BO3aMOXXHO, aTOMY c11oco6CT-
ByeT HeOO/IblIIoe KOMMIeCTBO HUTPUTA, HUTPATa U MUHe-
panos B YS.

Bp110 0TMedeHO, 4TO B CBMHOM (apiie ¢ fobaBIeHeM
YS 3nauenne CFR usMeHseTca c yBennueHMeM cofieprKa-
HMsA nurMeHTa rema. Korga comepyxanne rema B o6pasiax
(ap1ra ;OBOILHO HEBBICOKOE, TO 3HaueHye CFR Bbie, yem
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B (papire ¢ 60bINM KommdectsoM rema (Prc. 3). Boamox-
HO, 9TO IIPOVICXOINT M3-32 OTPAHITIeHHOTO YIaCTVs HUTPO-
3upoBaHKs reMa B GOpMUpPOBaHNUM KPACHOTO IIBETa Msica.
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Puc. 3. Koappumment GpopmmpoBanms 11BeTa KaK GyHKINA CofileprKa-
HIS IIMTMEHTa TeMa

3.2. Brusnue Humpama Ha cmabuIvbHOCMD yeema
8apeHbLX NPOOYKMOB U3 C6UHUHDL

B Teuenme mnepmoja XpaHeHUA MHCTPYMEHTa/lbHOE
3HauYeHNe IoKasaTess a* (KpacHOTa) B BETYMHE, C UCTIO/Ib-
3oBaHMeM Ipu nocone HUTpuTa (KOHTpO/NB), yMeHbIIa-
7I0Ch OBICTpee, YeM B BeTYMHE, C VICIIONb30BAaHUEM IIpK
nocore HuTpuTa u HuTpara («+Hwurpar») (Puc. 4).
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Puc. 4. Biusiuue HuTparta Ha CTabUIBHOCTD 1{BETA B ONBITHBIX 00pa3-
I1aX BeTYVHbI
KonTporb: mocorn ¢ ncnonbsopanuem 1,5% NaCl u 2 MM NaNO ; o60-
3HaYeHo cuMBOIOM (A ).
+Hutpar: mocon ¢ ucnonbsosanuem 1,5% NaCl, 2 MM NaNO, n 4 MM
KNO,; o603naveno cumpomnom (0).

IIpu sKcIiepyMeHTaX C BETYMHON KOHLIEHTpaLys OCTa-
TOYHOTO HUTPUTA MOJeP>KIBAIACh B TedeHne 3—4 Heflenb
¢ nomolpio fobasnenus Hurpara (Puc. 5). PesynbraTsl
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9TOr0 MCCIe0BaHNA MOKa3bIBAIOT, YTO paclaf HUTPUTA
IporpeccupyeT B Buje 0OpaTHMMOIl peakIuy, Kak IToKa-
3aHo BblIe. [I03TOMy HUTpAT IpefoTBpallaeT CHIDKEHNe
KOHIIEHTPalluy OCTAaTOYHOTO HUTPUTA B BApEHON COe-
HOJI CBUHMHe. YcuMBalollee feficTBMe HUTpaTa Ha dop-
MMpOBaHMe IIBeTa M:ACA OBIIO OTPaHMYEHO, JaXKe eCN
HUTpAT [00AB/A/NIN B JOCTaTOYHOM KommdyecTBe. Takum
0o6pa3oM, HUTpaT B YS MOXKET yIy4lIaTh GOpMUpPOBaHUEe
IIBETa, HO Ha 3TOT MPOLECC BIMAKT U SPYIMe BelecTBa,
copiepKauecs B YS.
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Puc. 5. BivsaHue HUTpaTa Ha CKOPOCTb CHVDKEHMS YPOBHS OCTaTOYHO-
TO HUTPUTA B ONIBITHOM OKOPOKE

KonTponb: mocon ¢ ucnonbsopanmem 1,5% NaCl n 2 MM NaNO,; 060-
3HaYeHo cuMBOIOM (A ).

+Hurpar: mocon ¢ ucnonbzosanvem 1,5% NaCl, 2 MM NaNO2 n 4 MM
KNO3; 0603HaueH0 cuMBOIOM (O).

3.3. Brusanue zazoo6pasnozo CO Ha céoticmea msca
u popmuposanue NOMb

3HaueHMe ToKasarens a* (KpacHoTa) B 06pabOTaHHOI
¢ nomo1ipio CO CpIpoit CBUHYHE, TOBS/IVIHE, KypULIE U COTIe-
HOJI CBYHIHE YBE/TNYMBAETCS, UTO YKasbIBaeT Ha GakxT ¢op-
muposanuss COMb, korga Mb n CO BMecTe IpUCyTCTBYIOT
B IIPOZIyKTe. DKCTPAKTHI 0OpasIIOB Msica IPOJIEMOHCTPUPO-
Ba/IU CIEKTPHI Toryoulenns, crenndndeckre masi COMb.

B ompbitHOM pactBope COMDb 6b11 TepMOycTOYUB
Y OCTABAJICSl CTAOM/IBHBIM B TeYeHIEe BCETO BPEMEHN OX-
naxpenns (Puc. 6), npu atom yposens pH noppep>xnai-
cs1 B quamasoHe ot 5,0 mo 8,0. 3HaueHnme pH B Msice 06b14-
HO COCTaB/IAET OKOJIO 5,5, IO3TOMY KPaCHBIM LIBET MsAcCa
JIO/DKEH COXpaHAThCs B mpucytctBun CO.

0.7
0.6
3 ===+ Subsequent to CO flashing

£ 05 -k Immediately after heating
E ¢ %7 — 30min
s 04 ) ,"1 = = G0min
B *=f =« = 120min
* 03 — . 180min

0.2

0l ‘l}\'

0 SeaT I
450 500 550 &00 E50

Wavelength (am)

Puc. 6. Crextpsl nornomeHus pactBopa COMb moce HarpeBanust u
OXJIaX[ieHNA B TedeHne 180 MuHyT



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

COMb MOXXHO 3KCTparmpoBaTb BOJON, HO IIPaKTH-
yeCcKM HeBO3MOXKHO aretoHoM (Puc. 7), B ormnmume ot
NOMbD (mannsle He mpencTaBaensl). TakuM 06pasoMm, Ko-
appunuent popmuposanuss COMb orHOCUTENBHO 00-
1ero ypoBHsa Mb B HacTosIeM MCCIeOBaHNY HE MOXKET
OBITD OIpefieeH.
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Puc. 8. VIsmeHenne sHauennit TBA B cBuHIHE BO BpeM: XpaHEHNA

ITo cpaBHeHUIO C KOHTpOIEM, 3HaueHns TBA 14 ceipo-
TO MACa 3HAYNUTEIbHO YBeNNIMBA/IICh BO BpeMsA XpaHeHNs
C 7-T0 110 21-11 ieHb, HO JJIS1 CBUHMHBI, o6pa60TaHH017[ C Io-

1. Introduction

The purchase of meat products is initially based on color
prior to any assessment of parameters such as odor, taste or
texture. Meat color is the primary determinant of any deci-
sion to purchase a meat product. Color developing agents
such as nitrite and nitrate have been found quite useful but
food safety considerations limit the extent of their usage.

In recent years, attention has come to be increasingly
directed to food safety in response to consumer demands
in this regard. Accordingly, techniques for effectively en-
hancing the red color of meat products through the least
possible use of nitrite and nitrate, but with usage of natu-
rally occurring ingredients, have thus become modern day
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mopio CO, OHY CHIDKA/IUCh IOYTH JIO TeX XKe BeTNYVH,
yro Habmopamich B rpynie NO (Puc. 8). Takum obpasom,
6b1710 TOKa3aHo, yTo CO Tak e, KaK HUTPUT, SPpPeKT-
BeH B KOHTPOJIe OKMC/ICHVA JIVIINJOB B CBIPOI CBVHJHE.
CO mHrM6MpoBan pocTa MUKPOOPTAaHM3MOB, YTO TaKXKe
OTMEYEHO /I HUTPUTA ([JaHHbIE He IIPeCTaB/ICHBI).

4, 3aKn104YeHune

Be10 06Hapy’keHo, YTO TMMaacKas KaMeHHasi COMb
apdexkTuBHa B yrIyduleHUM (POPMMUPOBAHMS KPACHOTO
IIBeTa MsAcCa IIpY OYeHb HEOOIbLIOM COflep)KaHNN HUTpPU-
Ta B PeLieNType MINU AaXKe IPY ero OTCYTCTBUN. 3HAYeHe
CFR B BapeHbIX MACHBIX IPOAYKTAX U3MEHA/IOCh B 3aBU-
CUMOCTHM OT COfiep>KaHMsI MUTMEHTa reMa M3-3a HU3KOI
CTelleH) €ro HUTPO3UpOBaHUA B Msce. Hutpar moxer
ycunuBatb 3¢ deKT rumManaiickoli KaMeHHOI COMM B OTHO-
meHny GpopMUpPOBaHNS 1IBeTa Msca. TeM He MeHee, B Ka-
MEHHOJI COM JIO/DKHBI COflepXKaThCA U Apyrue (GpaKTopbI
¢dbopMMpoBaHMs KPACHOTO 1IBETa, TOCKO/IBKY HUTPAT OKa-
3bIBaeT NUIIb HebOnblIOe BAMsHNE Ha GopMupoBaHue
BeTa.

Bbeito ormedeHo, uro COMb 6bicTpo ob6pasyercs
B MfACe IpM COBMeCcTHOM mpucyrcteuum taMm Mb u CO,
YTO MPUBOAUT K (GOPMUPOBAHMIO SPKO-KPACHOTO IIBETA.
W3 aroro cnenyet, yto mcnonb3oanne CO MoXeT cHo-
COOCTBOBATh 3HAYUTETPHOMY CHIDKEHUIO KOJTNYIECTBO
HUTPUTA, H0OAB/IAEMOTO B MACHBIE IIPOAYKTBI, IIPYU 9TOM
coxpaH:As GOopMUpPOBaHUe IPUEM/TIEMOTO KPACHOTO LIBETa.
Kpome Toro, CO MoxeT QpyHKIMOHMPOBATh B MsCe TaK
e, Kak 1 HUTpuT. Cam 1o cebe CO MOXeT ObITb OTBETCT-
BeHeH 3a HeOXXMIaHHOe OopMMpOBaHIe KPaCHOTO IIBeTa
MsICa, KOTOpPOe OTMeYajioCh Ha MpefIpUATHAX 00LIecT-
BEHHOTO NMTAHNA, HO NIOATBEpP>KAeHMe 3TOro (akTa Tpe-
OyeT JOIIOTHUTENbHBIX UCCIIEOBAHMIL.

braromapHocTn

ABropsl 6maropapsaT a-pa M. Motoyama (Hanyonans-
Hasl OpraHM3alMs CeNbCKOTO XO3AJCTBA U MUIMIEBBIX IIPO-
nykroB (NARO), Snonus), r-va Y Miki u r-xy M. Kaneko
(sB7IAAIOTCA BBIYCKHMKaMy YHUBepcuTeTa A3aly, Snonns)
3a IOMOII[b B ITpoBefieHnn 06padoTku ¢ nomorpio CO.

focal points of emphasis [1, 2]. As substitutes for curing
agents, natural animal substances are being avidly exam-
ined for potential application, both in Japan and foreign
countries. The findings should prove valuable for enhanc-
ing and maintaining good food appearance as well as being
in the best interests of human health.

However, unexpected reddening and discoloration
problems have recently been pointed out and effective so-
lutions must be found. The reddening effect of Himalayan
rock salt on meat products was previously reported [3].

In uncured meat products, carboxy myoglobin (COMb)
can be considered a major reason for unexpected meat red-
dening. Carbon monoxide (CO) binds strongly to myoglo-
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bin (Mb) to form COMb, which shows a stable bright red
color. The addition of CO to food is prohibited by law in
Japan, though in foreign countries, this compound is ap-
plied as a gas in food packing, and its use in meat products
is being carefully examined [4, 5]. Should CO be capable
of lowering nitrite content in meat, its use should not meet
with any consumer objections.

Natural salts, particularly those in Himalayan rock
salts, should prove favorable candidates for reddening of
meat products, since they contain nitrite along with nitrate
in only small amounts, plus minerals. Yellow salt (YS) from
Himalayan products was, therefore, examined in this study
for its capacity to bring about a red coloration in meat
products and the results were compared with those for or-
dinary cooking salts.

Nitrate is considered a precursor of nitrite in color
formation through its reduction by a bacterium. Alley,
Cours, and Demeyer [6] have shown that nitrate can sta-
bilize color in uncooked meat products. Ockerman and
Kuo [7], however, consider nitrate to lessen the decline
of nitrite in cooked cured meats. Differences in the con-
clusions from these studies may be explained due to the
presence or absence of sodium ascorbate. The present
study was conducted to determine whether nitrate is re-
duced subsequent to heat application and whether nitrate
has any effect on nitrite kinetics in cooked cured pork
sausage during storage.

Additionally, the characteristics of CO, such as its strong
binding to Mb, leading to an attractive red meat color, were
also investigated in this study. A comparison was made of
parameters such as heat stability, extractability and forma-
tion of COMD at different pHs. Mb derivatives were then
investigated spectrophotometrically subsequent to CO
flushing into nitrosylmyoglobin (NOMDb). The antioxida-
tive effects of CO on meat were also examined.

2. Materials and Methods

2.1. Natural salts experiment

Meat taken from pork leg was depleted as much as
possible of its fat and connective tissue and then minced.
YS or NaCl was added at 2% to each meat sample, along
with 0.1% sodium ascorbate and NaNO, in the concentra-
tion range: 0, 10, 30, 50 or 100 ppm. After 4 days storage at
4°C under anaerobic conditions, the mince samples were
cooked at 75 °C for 30 min. After sample cooling, color was
assessed visually and then with a spectral colorimeter.

The color forming ratio (CFR) [8], and heme pigment
content were measured by acetone extraction. Residual ni-
trite and nitrate content were determined according to the
method of Mirna and Schiitz [9] and by copper-cadmium
column reduction, respectively.

2.2. Effect of nitrate on cooked cured pork

All chemicals used were of standard laboratory grade,
obtained from Wako Pure Chemical Industries (Tokyo,
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Japan) and used without further purification. The Longis-
simus dorsi (L. dorsi; pH 5.7) and Biceps femoris (B. femoris;
pH 5.8) obtained from 5-month old female pigs (three-way
cross pig: Landrace, Large White and Duroc) were used to
prepare model products.

Model sausage and model ham were prepared from
minced B. femoris and a whole cut of L. dorsi. Each sam-
ple cured for 7 days with nitrate was designated as either
«+Nitrate» or without nitrate, as the control. Each 1,500 g
sample was cured for 7 days with 300 mL brine contain-
ing: +Nitrate: NaCl 27 g, NaNO, 0.248 g and KNO, 0.728 g;
the control containing NaCl 27 g and NaNO, 0.248 g. Sam-
ple quantity in all cases exceeded 300 g and was vacuum
packed into 5 bags. These samples were cooked in a water
bath at 75 °C for 30 min and stored at 10 °C with fluorescent
illumination (2,000 Ix).

Color and concentration of nitrite and nitrate were
monitored each week for 4 weeks. Residual nitrite was
measured by the method of Sakata and Nagata [10]. Nitrite
concentration in the extract was determined subsequent
to the flow of the extract through a Cu-Cd column (flow
rate: 5 mL/min), the difference in concentration of nitrite
before and after flow through this column was considered
to be the concentration of nitrate [11], Surface color was
assessed as L*, a* and b* using a colorimeter (CM-2002,
Konica Minolta, Japan).

This experiment was conducted in vitro using the reac-
tion solutions prepared by mixing 2 mL of 2 M acetic acid
buffer (pH 4.5), 1 mL of 0.1 M NaNO, and 1 mL of distilled
water. The ratio of nitrite decrement to nitrate production
was determined based on the absorption values using a
spectrophotometer (UV-2700, Shimadzu, Japan). Nitrate
concentration was computed based on its peak at 303 nm.
Nitrite absorption spectra varied with pH owing to chang-
es in nitrite and HNO, content, hence, the isosbestic point
of 324 nm for nitrite and HNO, was used for determin-
ing nitrite concentrations. Each solution was maintained
at 20°C before use, and then absorption was measured at
324 nm/303 nm every 20 seconds more then 350 times at
20°C following mixing of all solutions.

2.3. CO experiment

COMb was prepared in a model solution (0.1%
Mb-0.2% Na,SO,0,, pH 5.5 with CO gas flushing) and
cooked at 70°C for 20 min. The absorption spectra of
COMD at pHs adjusted to 5.0-9.0 were monitored.

CO-treated meat and cured meat samples were pre-
pared with pig thigh flushed with CO, to which 100 ppm
NaNO, had been added, and the meats then kept at 2°C
for 4 days. a* value was measured spectrophotometrically
(CM-2002, Konica Minolta, Japan). COMb and NOMb
were extracted with water or 75 % acetone and the absorp-
tion spectra of the solutions thus obtained were used to
determine the extent of COMb formation. Lipid oxidation
in each meat sample was also evaluated by 2-thiobarbituric
acid (TBA) analysis [12].
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Absorption spectra of NOMb solution (0.1% Mb-1%
Na ascorbate-0.1% NaNO,, pH 5.5) previously flushed
with CO was measured to determine the extent of COMb
formation.

3. Results and Discussion

3.1. Effects of yellow rock salt and low levels of nitrite
and nitrate on meat color

In mince with added NaCl and without nitrite, the
CFR and a* (redness) were less than those measured in YS
mince samples. In YS mince samples with and without ni-
trite, meat redness and CFR were found to exceed 70 %, re-
gardless of the low nitrite range, from 0 to 100 ppm (Fig. 1).
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Figure 1. Color forming ratio (CFR)

Compared to NaCl mince samples, residual nitrite con-
tent was usually higher in mince with added YS (Fig. 2).
The YS itself contained more nitrite than nitrate. YS was,
thus, shown to effectively enhance meat reddening. Small
amounts of nitrite, nitrate and minerals in the YS could
possibly have contributed to this finding.
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Figure 2. Residual nitrite levels
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Figure3. Color forming ratio as a function of heme pigment content

The CFR was noted to change with increase in heme
pigment content in pork mince with added YS. When the
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content of heme was quite small, the CFR in the mince
samples was larger than in mince with more heme (Fig. 3).
This could possibly have been due to the limited capacity
of heme nitrosation to bring about meat reddening.

3.2. Effect of nitrate on color stability of cooked pork

The instrumental color value, a* (redness) declined
rapidly in cooked pork ham cured with nitrite (Control)
than the pork ham cured with nitrite and nitrate (+Nitrate)
during storage period (Fig. 4).
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Figure 4. Effects of nitrate on color stability in model ham.

Control: cured with 1.5 % NaCl and 2 mM NaNO; indicated by the
filled triangle symbol (A ).

+Nitrate: cured with 1.5 % NaCl, 2 mM NaNO, and 4 mM KNO3;
indicated by the open circle symbol (o).

The concentration of residual nitrite was maintained
at 3-4 weeks by the addition of nitrate in the model ham
system (Fig. 5). The results in this study suggest that ni-
trite decomposition progresses as a reversible reaction as
shown above. Therefore, nitrate inhibits the decrease of re-
sidual nitrite in cooked cured pork. The accelerative effect
of nitrate on the meat color formation was limited even
if the nitrate was added in sufficient quantities. Thus, the
nitrate in YS could enhance the color formation but there
would be the other factors in YS.
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Figure 5. Effects of nitrate on the rate decrease in residual nitrite.
Control: cured with 1.5 % NaCl and 2 mM NaNO; indicated by the
filled triangle symbol (A ).

+Nitrate: cured with 1.5 % NaCl, 2 mM NaNO, and 4 mM KNO3;
indicated by the open circle symbol (o).
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3.3. Effects of CO gas on meat and NOMb

a* values (redness) increased in CO-treated raw pork,
beef, chicken and cured pork, indicating COMD to have
formed when Mb and CO were present together. The meat
sample extracts showed the specific absorption spectra of
COMb.

In a model solution, COMb was heat stable and stable
throughout the given cooling times (Fig. 6), with pH main-
tained within a range of 5.0 to ~8.0. Meat pH is normally
approximately 5.5, so this indicates the red color of meat
should be maintained in the presence of CO.
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Figure 6. Absorption spectra of COMb solution after heating and
cooling for up to 180 mins

The extraction of COMb was possible with water,
though virtually impossible with acetone (Fig. 7), in con-
trast to NOMb (data not shown). Thus, the extent of COMb
formation compared to total Mb could not be determined
in the present study.
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Figure 7. Absorption spectra of CO-treated and cured meat after ex-
tration with

Even when CO was added to NOMBbD solution, the ab-
sorption spectrum of NOMb showed no change (data not
shown), thus indicating the higher affinity of NO than CO
toward Mb. The addition of NaNO, (100 ppm) to COMb
resulted in a change in the absorption spectrum of the
NOMD formed (data not shown).

TBA values of raw meat increased significantly during
storage, but TBA values for CO-treated pork decreased
to nearly the same as those observed in the NO-group,
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compared to the control, from day 7 to day 21 of storage
(Fig. 8). Therefore, CO was shown to be as capable as ni-
trite of controlling lipid oxidation in raw pork. CO proved
inhibitory to microorganism growth, as was also noted for
nitrite (data not shown).
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Figure 8. Change in pork TBA value during storage

4. Conclusion

Himalayan rock salt was found to be effective for en-
hancing the red color of meat at very small nitrite content
or even in the absence of nitrite. The CFR in cooked meat
changed with heme pigment content in meat, owing to the
low degree of nitrosation in the meat. The nitrate could
play a part in the accelerative effect of Himalayan rock salt
on the meat color formation. However, there would be the
other reddening factors in the rock salt because the nitrate
made a little impact on the color formation.

COMD was noted to form rapidly in meat when Mb
and CO were combined, giving rise to a bright red col-
or in the meat. It follows then, that CO could serve to
significantly lessen the amount of nitrite added to meat
products, while still supporting formation of an accept-
able red color. CO could also function in a very similar
fashion as nitrite in meat. CO itself could possibly be a
factor for the unexpected reddening of meat as noted at
food service facilities, but confirmation of this point will
require additional research.

Acknowledgements

The authors are thankful to Dr. M Motoyama (National
Agriculture and Food Research Organization (NARO),
Japan), Mr. Y Miki and Miss M Kaneko (the latter two
are graduates of the Azabu University, Japan) for their
assistance in conducting the CO treatment.



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

1. Mancini, R.A., Hunt, M.C. (2005). Current research in meat
color. Meat Science, 71(1), 100-121.

2. Sakata, R. (2010). Prospects for new technology of meat pro-
cessing in Japan. Meat Science, 86 (1), 243-248.

3. Kaneko, M., Okuda, Y., Waga, M., Oshida, T., Sakata,
R. (2014). Enhanced reddening of meat by the addition of himala-
yan rock salt. Proceedings of the 60th International Congress of
Meat Science and Technology, Punta del Uste, Uruguay, CDOGS.
4. Suman, S.P.,, Hunt, M.C., Nair, M.N., Rentfrow, G. (2014). Im-
proving beef color stability: Practical strategies and underlying
mechanisms. Meat Science, 98 (3), 490-504.

5. Van Rooyen, L.A., Allen, P., 0’Connor, D.l. (2017). The applica-
tion of carbon monoxide in meat packaging needs to be re-evaluat-
ed within the EU: An overview. Meat Science, 132, 179-188.

6. Alley, G., Cours, D., Demeyer, D. (1992). Effect of nitrate, nitrite
and ascorbate on colour and colour stability of dry, fermented sau-
sage prepared using ‘back slopping’. Meat Science, 32 (3), 279-287.
7. Ockerman, H.W., Kuo, J.C. (1982). Dried Pork as Influenced by
Nitrate, Packaging Method and Storage. Journal of Food Science,
47 (5), 1631-1634.

CBEJEHNA Ob ABTOPAX
IIpnHaaneXHOCTh K OpraHM3aIim

Cakarta Puoun — mpodeccop, Jlaboparopus Hayku o muie, ViHcTH-
TyT BeTepUHAPHOI MeTUIIMHbL, YHUBepCcUTET Acaby

Sagamihara, Kanagawa 252-5201, Japan

Ten.: +81-42-754-71-11

E-mail: sakata@azabu-u.ac.jp

Takena IlInpo — AppioHKT- podeccop, Jlaboparopust HayKu o -
11e, VIHCTUTYT BeTepUHAPHOI MeAULIMHEL, YHUBepcuTeT Acaby
Sagamihara, Kanagawa 252-5201, Japan

Temn.: +81-42-754-71-11

E-mail: s-takeda@azabu-u.ac.jp

*aBTOp [/ KOHTaKTOB

Bara Macaxupo — Ph.D, moMOIIHMK PyKOBOAMTEA OTHENA TeXHNU-
YeCKOIO YIPAaBJIeHNS, IIPOM3BOACTBEHHBI [VBMU3VMOH, KOPIOpALA
Itoham Foods, Meguro, Tokyo 153-8587, Japan

Ten.: +81-3-572-60-98

E-mail: masahiro.waga@outlook.com

Kpurepun aBropcrBa

ABTOpBI B PaBHBIX JJOIAIX MMEIOT OTHOLIEHE K HAIIVCAHWIO PYKOIIMCH
U OJIMHAKOBO HECYT OTBETCTBEHHOCTD 3a II/IaTMaT.

Kondnukr nnrepecos
ABTOpBI 3a5ABNIAI0T 00 OTCYTCTBUM KOHIMKTA MHTEPECOB.
Ilocrynmnna 11.10.2017

43

8. Sakata, R., Ohso, M., Nagata, Y. (1981). Effect of Porcine
Muscle Conditions on the Color of Cooked Cured Meat Products.
Agricultural and Biological Chemistry, 45 (9), 2077-2081.

9. Mirna, A. (1972). Verfahren zur gleichzeitigen Bestimmung
des Pokelstoffes sowie von Nirit und Nitrat bin Fleischzeignissen.
Fleischwirtschaft. 52, 337-1338.

10. Sakata, R., Nagata, Y. (1992). Heme pigment content in meat
as affected by the addition of curing agents. Meat Science, 32 (3),
343-350.

11. Pérez-Rodriguez, M. L., Bosch-Bosch, N., Garcia-Mata, M.
(1996). Monitoring nitrite and nitrate residues in frankfurt-
ers during processing and storage. Meat Science, 44 (1-2),
65-73.

12. Yamauchi, K., Murata, H., Ohashi, T., Katayama, H., Pearson,
A.L,, Okada, T., Yamakura, T. (1991). Effect of dietary a-tocopherol
supplementation on the molar ratio of polyunsaturated fatty
acids/a-tocopherol in broiler skeletal muscles and subcellular
membranes and its relationship to oxidative stability. Nippon
Shokuhin Kogyo Gakkaishi 38, 545-552.

AUTHOR INFORMATION
Affiliation

Sakata Ryoichi — Professor, Laboratory of Food Science, School of
Veterinary Medicine, Azabu University

Sagamihara, Kanagawa 252-5201, Japan

Tel.: +81-42-754-7-11

E-mail: sakata@azabu-u.ac.jp

Takeda Shiro — Associate Professor, Laboratory of Food Science
School of Veterinary Medicine, Azabu University

Sagamihara, Kanagawa 252-5201, Japan

Tel.: +81-42-754-71-11

E-mail: s-takeda@azabu-u.ac.jp

*corresponding author

Waga Masahiro — Ph.D., Assistant Chief

Technical Management Sector, Production Division, Itoham Foods
Inc., Tokyo Office,

Meguro, Tokyo 153-8587, Japan

Tel.: +81-3-572-60-98

E-mail: masahiro.waga@outlook.com

Contribution

The authors equally contributed to the writing of the manuscript and
are equally responsible for plagiarism.

Contflict of interest
The authors declare no conflict of interest.
Received 11.10.2017



