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calEBaeMoe MICO MOXHO CHACTH OT NOpPYE TOJABKC
cTandE o6pasoBaHEd GeCHBETHEIX NEI'MEHTOB;
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9/ OBl HCCeaOBAH MEeXaHA3M 3eJIeHOHf nur—
Me”“ﬂ‘.i;: WIEHBIX MSCONPOAYKTOB H ObUIH peKOoMeHmoBal
Mepar €€ npenynpeXX[eHHss B HauvalbHOH CTaIHE noCola,
*lle no )0OpasoBaHHd HETPO3OMHI'MEHTA. 0 aTHM OaHHKIM
YXa3anyq OATMEeHTAalUdsd NPOHCXOMHT B pPe3yibTAaTé 1
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BOCCT

TAHOBHTE/IbHBIX OPOUECCOB HOHOB XeJjle3a IreMo-
BBIX mpp M
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Tgp NOPQEPHHOBOIO KOJbLIA B NpOUECCe 3eleH!

JCTORYnBOCTE HOPPHEPHHOBOI'O KOJMbLUA HETPOSOIMEI ME H-




Ta cojneHoro msca (comepxamero F8~ ) mno oTHomenmio K
KHC/IOpOAYy BO3[4yXa B HNPHCYTCTBHH NHZ OH BLEICOKOH
KOHINEeHTpPAaNHH.

[na accnenoBaHEs Mbl HCHOJBL30OBAIM METOd CIEKTpallb”
HOT'O aHa/lE3a B OTpPa>XeHHOM CBeTe C OpEMEeHeHHeM MOHO”
xpomaropa Y M-2 /7/. ChnekTps oTpa*XeHHd ObIM CHATHl B
npenenax AnuH BoaH ot 520 mo 670 mMMK.

Yro6H BHIICHATH COCTOSHEEe NOP(HPEHOBOrO KOJbHA B
npomecce 3elleHOR NATMeHTAUUH MAca NpHE ero mocoie, B3
Pa3MOpOXKEeHHEIX OKOpPOKOB B3pOC/JOH CBHHLE Bhipeaald '
KyCKH MuILIeqyHO# TKaHu BecoM 350-400 r. 3arem m3 BSHTHX“
KYyCKOB BhIpe3ald JIOMTHKH TakK, 4To6bl BOJIOKHA nccneﬂyemoﬂ
TKaH# OBUIM pACHOJIOXKEHH NepHeHOHKY/JSpHO K NmoBepxHOCTE
cpesa. [Tockonbky no pexumy /8/ nepen mnoconom CBrHEHH
HeOOXOOHM aBTONE3 MAca B TedeHme 24-72 yac. npm 40, 4
B 9THX YCAOBHAX MHOTIOOHH NepexXoOdHT B MeTMmOriao6Bs
/8/, TO BhIpe3aHHBIE KYCKH CBHHHHBI XpAHRAR B TedeHHC
48 gyac. mnpm 4°, 4uyTo6H Ha NOBEePXHOCTH Cpe30B B3gThHA
06pa3uoB NPOH3OULIIA AHAJOTHYHEIE OKHCI/IATE/NbHEIEe nponecch!
[na xoHTpons 6BuIa MOCTpOeHa CHeKTpalbHasg KpEBag OTPa”
JKeHHd TOBEepXHOCTH Cpe3a OJHOT'O H3 KYCKOB MellIedHO
tTkauun. CnekTpanbHas KpEBag nokasana npEcyTctTere Tonbkd
METMEOT/IO6HHA C XapaKTepHBIM [/ Hero MakCEMymom mpP
6835 mMmk. Peayabrarn maMmeHenms nadm puc.l (xpmBasg 1)
[lanee ocraBmmecs KyCKHE MBIINb momBepranE mocoay B9
npen0XeHHOMY HaMHE CHoco6y NOo/NydeHHsS 3e/IeHnX narmed”
TOB HA NOBEPXHOCTH MeuIUedYHOR TkKaHu /3/. [Ana paBqueP’
HOrO Ae#CTBHA KHCIOpOAA BO3AyXa, pacTBOpeHHOro B pac |
co/le, TMNOrpy>KeHHe MbIIIeYHOH TKaHH B Hero npouaaonu’l‘cg
TakgMm 06pa3om, 4TOOBI NOBEPXHOCThL Cpe3a 6bula napanneﬂ”"x
Ha NMOBEpXHOCTH paccoia. ;

[lsig KOHTpO/IA KYCOK MblllegHO# TKaHu nocie o6paGoTEd
H3J/I0’KeHHOH BhIlIe, NOABepramT nocoay B 18%—HomMm paccoﬂe
RaCl 6es no6aenenms NHpO0H.

Kak nokasanm nHabniofeHns, B TeueHne neppnix 15-20 mB¥
noc/ie NOTpYy’KeHEs I[OBE@PXHOCTL Cpe3oB ofecupeunpsaeTC?
[lpr sToMm ofpaayiorca GeCuBeTHLIE NHIMEHTHI, coxpa}m}ow’e
ceo#i nBetr eume Ha 20-24 yaca. I'lpm nanvreifiiem xpaHeH“”
B paccojie B KOHIE TPeTbHX CYTOK NMOBEpPXHOCTh NpuHAMA®
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. TR T By ronyGoBaTHIE OTTEHOK, KOTOPHIA Ha IUeCTHE
CYTky lepexonur B TeMHO-3enenbIll nBeT. 3TH HabnOOeHHg
HOK&SHB&IOT, iTO 3e/IeHOMy OKpAalllHBaHHIO MeTMHEOTIO6HHA
gg:i?ueCTByeT ob6pazoBaHue 6ecuBeTHHIX, a 3aTeM rony6o-
X mErmeHTOB.
g ChnexrTpodoroMerprueckoro anammsa (B napamienbHo
4BNeHH kX oneiTax), mo Meépe TOro Kak Ha NOBEepXHOCTH
: HHPMZJ;HBaeMOi& MBILIEYHOR TKaHm o6pasyiorcg YKa3aHHble
e noc, TEl, aTH ciom cpeazaior IONepeK MEIIeYHbIX BOJOKOH,
x{. Nao 9ero ux Hememenno norpyxaior B 0,5%-nuft pactsop
» Kyla ToT9ac >Xe Ha KOHYHKE HOXKa NoGaBiIgiorT
GHOBYIO KHCIIOTY, H OCTABALIOT B TEeMHOTE Ha 15-16 gac.
Ackop6unoByio KHCJIOTYy no6aBagior Ons OAHOBpe-—
BOCCTaHOBIeHHd Fe™' reMOBHIX OArMEHTOB H
H2 /10/,
Hacxasnkuleﬂun NOKa3a/|, 9TO nocjie Bo3neiicTBEY NaN02
Cnea°p6ﬂHOBoﬁ krcnoro#t (Bepree okmChIO asora) Ha Ec-
YeMEle o6pasum JIEIIb KOHTPOJIbHEIE B GeCnBeTHhIe OK—
Egg;ramTcg B KpacHmit nBetr. O6Gpasusl MblluegHofi TKaHm ©
TeMm:PaTUM OTTEHKOM npE 9TOM oO6GecuBewHBAaOTCH, a C
O6cmg SelleHbiM — ocTaloTCH 6e3 H3MeHeHHg, YurTHBag srto
Orps ATe/ILCTBO, Mu NOCTpPOHIH CHeKTpaabHEle KpHBLIE
eHHg TonLko 06pasnoB, OKpAIIeHHHIX B KpacHbl#f nBer.
> Osgza“epecque BbISCHH/IOCh, YTO ONTHYEeCKad ILNIOTHOCTE
MBqH:;B' HOMy9eHHBIX H3 KOHTPOJLHOR B GeCHBEeTHON Mul-
TKAHH H OKpAlUeHHEIX B KpacHHI# oBeT, O4HHAKOBaA,
OQEZ;MY ChoeKTpanbHble KPHBBIE 3THX 0o6pasnop m306pa’k eHul
““ "Dnaogn“neﬁ (puc. 1, xpmBas 2). Kax Bmnmo ma stof
5 aeneuo' O6paankl, OKpalleHHue B KpacHulffi nBeT, namoTtT B
9acTu BUOAEMOR o6GnacTE cnexTpa MAKCHEMYMH NpH
882 mmx. IATm MAaKCHMYMBl, & TaKXe OKpallHBaHHE
KOHTpo B KpacHuit nBert CBKHeTeanTBypT~O TOM, 4TO B
nponcxgbﬂmx B GecnBeTHHIX 06pasmax MuILIEYHOR TKaHA He
" T ABT  HeOGpPATHMBIX OKHCIHTONBHAIX npeBpalieHn
BOHHPEHHOBOPO KOabua ® 9TO mpE aToM obpasyercs HH:pO‘
®HT Ccpipoft Mmmewno#t TKaHH, conepxxaumit Fe

) 0
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OrcyrcrBEe o06pa3oBaHEs HATPO3ONATMEHTAa H3 roayb6o~
BATHIX H TeMHO—3eJ/IeHbiX NAI'MEeHTOB I'OBOPHT O TOM, 49TO B
HEX NPOH3OLIIE HeoOpaTEMBIE OKHCIHTE/IbLHHE IOpeBpalleHHsd:

Yro6el OOATBEpPOARTb 3TOT BBIBOA, MEI NONEITAINCH Npe”
BpaTuThk roayboBaTele B TeMHO—3e/leHble HHI'MEHTHl B MHO™
xpamMmoreH, [IpenBaprtrenbHo 6BlIa NOCTpOeHAa CHEKTpalhHAad
KpEBag OTpa’XeHHud MbIILIeYHOA TKaHH, OKpAalleHHO# B TeMHO™
3eneHplt user. PeaynbTarel n3MepeHEA mn300pakeHun HE
puc, 2 (xkpmBag 1). Kak BEOHO m3 KpHBO#, 3Ta MullegHad |
TKaHb [JaeT B KpacHO# wactu BROHMOHA obanacrn cnem‘p8|
MAaKCHEMYM npH 645 MMk, DTO NoKa3rlBaeT, 4TO TeMHO-3eje” |
HBl# NHI'MEeHT MbILUIeYHOH TKaHE 10 CBOe# npEpoae HOeHTH™
9YeH TAaKOMY JKe IHTI'MEeHTy, NOJIiy4YeHHOMY H3 pacTBopa MeT”
mEorsiobusa /12/. 3areM QOag TNOAy4YeHHS MHEOXpoMOoreHé
o6pasnsl, OKpallleHHLle B TeMHO—3eleHb# ® ronyGosarsil

nBeTa,a TakKXe KOHTpPOJbHbIe 06pas3nsl MbILIeYHOR TKaHB
o6pabaTuiBalor no meroay Tapnamxuca /13/. IMocne raxol
06paboTKE TONBLKO KOHTPO/bHBIE 06pa3usl okpalumBapTcd P
PO30BO-KpACHBI# UBeT, TOraa Kak ob6pasusl TeMHO—3ejeHOr?
uBeTa coxpa}mm CBOIO mpeXHio okpacky. [lpm arom 007
pa3usl roay6oBaroro upetaofecuBeudBaOTCH AHIIbL 9aCTHYHO:
,'_La:zee BCce oOpas3nsl OCTaBiAlOT B pacTBope Tapnamxucé
[0 Tex mop, NoKa He HAaCTYymuT noaHoe obecunpeunBanme K&F |
TeMHO—3eJ/IeHhIX, TaKk H TroJayboBaThlX MNHI'MEHTOB. I'Iocﬂel

3TOr0 OBIIA NOCTPOEHbl HX CHEeKTpA/IbHbIE KpHBhIE OTpaxe”
HEd. PeaynbraTe u3MepeHus npuBereHsl Ha puc.2 (xpupb® ]
2,3 8 4). Kak puano u3 kpuBoit 4, KOHTpoabHm#i o6pasel
maeT B 3elleHO# wacTH BHAEMOHR obiacTu cnekrpa MaKkCH™
Mymbl npe 535 u 560 MMK, xapakTepHmle nas Mroxpomorehs
/13/. OTcyrcTBHe po30BO-KpaCHO# OKpacKu ¥ MakcumyMoP
B BEOMMO#A o6nacTtu Cnekrpa y o6eCuBeYeHHEIX NHUIMeHTOP!
NONy4eHHEIX H3 006pasnoB MEBILIEYHOH TKaHEM ronyboBaToro s
TeMHO—3e/IeHQr'0 UBeTOB, CBHAETEIbLCTBYOT O TOM, yro B2
rony6osarsix (kpuBas 2) ® TemHo-3enennix (kpusass 9
NACMEHTOB MHOXpPOMOreH He obpasyeTrcs, a 3HAYHAT noptp“’
PHHOBOE  KOJbNO YHOOMAHYTHX NHTI'MEHTOB nonbepraeﬂ'c’
HeoOpaTHMEIM OKHC/IHTE/bHEIM INpeBpalleHusaIM, HeOGpaTHMbIe
npeBpallleHEd B NOPGHPHHOBOM KOJblUE TI'0/1y60BaTBIX rmrMeH
TOB TNOKAa3LBAOT, YTO 3TH NpeBpallleHEs NPOHCXOOANAT ewt®
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A0 MomenTa 00pasoBaHKS B3eJIeHBIX NHATMEHTOB.
Ha Pe3yILTATOB BCeX BHILIGH3MOMKEHHBIX ONLITOB BHIOHO,
IT0 npocanupaemoe MSCO MOXHO COXPAHHTHL OT NOPYH TONIb—
X0 B cranmn 06pasoBannsg GECHBETHEIX NHIMEHTOB. Orcyrer-
Bre HEeOGpaTHMEIX OKHCIHTEeILHAIX npeBpalleHE# B nmopcgupu-
H0BOM komppe GeCuBeTHEIX NEIMEHTOB, A€ HOHL XKelnesa
nByXBBHGHTHbI /3/, m Hanuume TakmEX OpeBpalleHE# B 3ene—
Hbrx UIHrMeHTax, y KOTODHIX HOHHE XKejesa 9aCTHYHO DPEOKHC—
Ry B TpexBaneHTHO® COCTOgHHe /8, 12/, nokasmiBaeT, uro
‘. OKECNe N mOHK XKeje3a GeCUBeTHEIX NHI'MEHTOB NpPHHEMa—
©T ywacrme B YKa3aHHBIX NpeBpalleHHSX NOPGhHPEHOBOrO

Ko g,

HAasg uccnenosanus YCTOHYRBOCTH NOPPUPHHOBOrO KOJABLIA
PO3onmrmenrta comenoro msca (conepxamero Fe™ ) no
OTHOwenmio g AeHCTBHIO aTMOCHEpPHOro KHCIOpOOAa B mpm—
CYTCTBRYR NH..OH BBICOKOH KOHIEHTpamu® OmIM nocras—
eny OOEHITH 1o nocoay. [lasg aTOro HCHOAB3OBANE KYCOK
Mbllie gpo TKaHH C ynaneHHBIM GeCHBEeTHHIM ClOeM, KOTOpH il
QCTancg oT npeaplAyLIRX OORITOB. Yxaaam{yxo MBILIeYHYIO
TRan, MonBeprane yckopennomy mocony (5 cyTok) /8/ npm
1‘eM"eDa”l‘ype 18°, TIlocne sroro NPOCON@HHYIO MBILIeTHYIO
TRany, Paspesann Ha nBe wacTE B NOoNepeYHOM HAUPABICHHH .
ARy gacry, Bapunu npe 83-85°, nmoka eEyTpE TkKaum Temne-
Darypa He nocrmrana 70°, T[locne oxnaxrerms co CTODPOHKI
HoaerHOCTH paspesa ynanaim cio# MellleyHO# TEKaHE TOI—
THoR o 1 cM, a ocraBmyocs wacrs obpabarmBany B
SZ(ZZBODG NaNO» H ACKOpPOHHOBOM KECIOTH, K&K OMECAHO
. €. Amanormunpim o6pasom ofpabarniBanu ApYyryipo 9acTh
M“Uleqnoﬁ TKaHu (ueaapeﬂy}o). Takas obpaboTka Heo6xo—
‘ IMa ng IIOTHOT'O mepeBONA B HETPOIOHMErMEHT (conepxa-
| lclg:‘e" ‘Ee" ) Toro xoamwecrtra NIHrMeHTa, KOTOpoe BCe elle
i PXxur PFe™ /14/. 3arem kax BApeHyio, TaKk M HeBape-
Y ~rvu,u.uetmy}o TKaHb MNOI'DYyXXA&JH OTIelbHO B pacTBop
E " Horo NHpOH « HC1. lNorpyxenne nporssoammm Taxmm
05280“' 9T06H noBepxXHOCTH Cpe30B OBUIE napalielbHb
TlaanHOCTH pacTeopoB. CooTHOlIeHHe Beca Muuueynof
DQCTBO K pacreopy 1:1. Bce o6pasnel ocTaBasNE B STHX
Pax B Tewenmme 70-72 wac. mpe 15-17° B remuore,

Hur
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OrcyrcrBre o6pa3oBaHEs HHTPO3ONHI'MEHTAa H3 rony6o~
BATHIX H TeMHO—3ejIeHblX NEI'MEeHTOB T'OBOPHT O TOM, H4TO B |
HEX NPOH3OLUIE HeoGpaTEMbie OKHC/IHTE/bHEEe HOpeBpalleHud:

Yro6sl OOATBEepPAATH 3TOT BBIBOA, MBI NONLITANHCH Hpe”
BpaTHThb rojy6oBaThie A TEeMHO—3e/leHble HEI'MEeHThl B MHOT
xpamoreH. [lpenBapaTenbHO 6Bl1a MOCTpOEHA CHEKTpalhHad
KpEBag OTpa’KeHHd MBIIIeYHOH TKaHH, OKpAILUeHHO# B TeMHOT
sejleHwlli nBeT. PeaynbTaTsl H3MepeHHER #n300pakeHml HE
pec, 2 (xpmeas 1). Kak BEAHO B3 KpuBO#, oTa MblllegHad |
TKaHb [aeT B KpacCHOX wYacTd BHOHMOR ob6aacTh cneprat
MaKCEMYM NpH 645 MMK. DTO moOKa3blBaeT, 4TO TeMHO—3ele” !
Heli NHETMEHT MbILIeYHOH TKaHH IO CBOeH npEpone HAEHTH™ |
YeH TakKOMYy JKe NHETMeHTy, NOJyYeHHOMY H3 pacTBopa MeT”
muornobuHa /12/. 3aremM Oag NOJAyYeHHS MHOXpoMoreHa
06pa3nel, OKpallleHHble B TeMHO—3e/IeHbld H rony6oparsil
nBeTa,a TakXXe KOHTpOJbHbEe o060pa3nsl MbILIEYHOH TKaHB
G6atmBaloT no meroay Tapnankuca /13/. I'locne TakoB
GOTEKE TONBLKO KOHTpO/JbHele 06pa3nsl okpaligBaloTcd P

30BO~KpacHblfi uBeT, TOoraa kak o6pasusl TeMHO-3e/eHOr?
UBeTa COXpPaHAIOT CBOI0 NpeXHol oxkpacky. [lpm arom 007
pa3nel roayboeatroro uperaofecuBednBalTCH AL YaCTAYHO: ‘
[lanee Bce o6pasansl ocrasagioT B pacteBope Tapnazmxucé
710 Tex mop, MoKa He HACTYNHT mnoinHoe ofecupeunBaHme K&F
TeMHO-3ejIeHBEIX, TaK H Troay6oBaThX OArMeHToB, [locie |
5TOr0 6GBUIH MOCTPOEHB EX CHEKTpPa/bHbIE KpHBble OTpaxe”
HE"., PeaynbTaTh E3MepeHHs npuBeeHs Ha puc.2 (kpuBb®

3 8 4). Kak BaaHO 3 Kpupo#t 4, KOHTponbHmii o6pasel |
naer B 3eneHo#l wacTH BHAEMOR o6i1acTu cnekTpa MakCE
mMyMmul npeE 535 u 560 MMK, XapakTepHhle /g Muoxpomorensd '
/13/. OTcyrcrBEe pO30BO—KpPACHOMU OKpaCKH H MakcuMyMOP
B BEOMMON 061acTH CHekTpa y O6eCuBeYeHHEIX MHErMeHTOP!
NOo/Jy4YeHHEIX H3 00pas3noB MbILIEYHOH TKaHm rony6oBaroro ¥
TeMHO—3e/IeHQI'0 NIBeTOB, CBHOETEeJILCTBYIOT O TOM, 4YTO 3
rony6oparuix (kpuBas 2) m TemHo—3enenmx (xpusad 3
NErMEHTOB MHOXpPOMOreH He ofpasyercd, a 3HAYAT nopd#”
PHHOBOE  KOJbIO YINOMSHYTHIX NHI'MEHTOB nonaepraPTC’
HeoOpaTHMBIM OKHCIHTE/JbHBIM NpeBpallleHAdM. HeoGpaTuMb‘e
npeBpallleHds B NOPGAPHHOBOM KONblE IroayGoBaThiX murmed”
TOB NOKa3nBalOT, 4YTO 3TH IpeBpallleHHs NPOHCXOOAAT eut®
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0

RO MomenTa 06pa3soBaHES 3e/IeHHIX NHIMEHTOB.

Ha peayneraToB BCeXx BLIIIEE3NOKEHHEIX ONLITOB BHIHO,
9T0 npocanmmBaemMoe MECO MOXHO COXPAHHTH OT NOPYH TONL=
X0 B cranum o6pasopanus GecuseTHhX mErMenToB. OTCyTCT-
BEe HeoGpaTHMBIX OKHCIETEILHBIX npeepallleHE# B nopdHpHE—
H0BOM xkosbme GecumBeTHBIX INETCME@HTOB, I'leé HOHHElI Xeje3a
AByxBanenTurm /8/, B HalWuHe TAKEX NpeBpalleHHfl B 3ere—
HEIX marmentax, y KOTODHIX HOHBl XeJleda YaCTHYHO pPEOKHC—
feny B TpexBaJleHTHOe coCTodHHe /3, 12/, mOKa3nBaeT, 4TO
OKHCenHLIe HOHE Kejle3a 6eCHBeTHHX NEI'MEHTOB IpHHEMA-—
©T ywacrme B YKa3aHHBEIX INpeBpalleHAIX NOP(HEPHEHOBOTO
Ko g,

Onga uccnenopanus ycro#iugBoCTH NOpGEPHHOBOrO KOAbIA
QETposonmrmenta conenoro maca (comepxamero Fe™ ) mo
OTHOWlenmio x Me#CTBEI aTMOCHEpHOTO KHCIOpOOA B HpE—
CYTCTBRR NH..OH BHICOKO} KOHUEeHTpang® Omnm nocrTas—
T8HN  onpTh 2nu nocony. J[las STOro HCHONL3OBANE KYCOK
MEIueyno# TRanE C yoaneHHEM GeCnBeTHHIM ClIOeM, KOTODHIH
°Cramcg or NpenuAYUIEX ONKTOB. YKa3aHHYIO MBILIEYHYO
::f:;b noapeprains yckopennomy mnocoay (5 cyrox) /8/ npm
TKaHeD&Type 16°, Tlocne »TOro NpPOCONIGHHYIO MBILLIEYHYIO

b paspesanu Ha OBe 4aCTH B NONEpPeYHOM HANpPABISHHH .

ARy yacry Bapunn npe 83-85°, moka BHYTpH TKaHH Temue-
gg:era He nocrurana 70°. [Mocne oxna>kneHHES CO CTOPOHEI

PXHOCTRE paspesa ynanaim CiIO# MBILIEYHOH TKaHH TOJI—
Unnog no 1 cMm, a ocraBwypcsg gacth obpaGarmBanu B
g:z:opi NaNO»p H aCKOpORHOBO#f XKECIOTH, KAK ONHCAHO
"“ﬂLUe‘q} HanoruyueiM o6pasom obpabarniBanm Apyryil 49acTh
Bhin qloﬁ Tkanu (HeBapenyw). Takas o6pab6oTka HeoGxo—
lWeng ~1;1:~n?nnoro nepepona B HETpo3onurmenT (comepixa—
Conepx 'r.?.ro KOJNHYeCTBAa NHIMEeHTa, KOTOpoe BCe elue

iT Fe /14/. 3aTeM Kak BapeHyo, TaKk B HeBape-—
MBEILIEYHYI0 TKaHL NOr'py>XalE OTAeNbLHO B pPacTBOP
oépa;;ioro NHZOH e HCl. lNorpyxenme NPORSBOARAE TAKHM
uosepx:o' 9TO6K NOBEePXHOCTH Cpe30B OBUIE NapaliiebHE
? CTE pacTBopoB. COOTHOLIeHEe Beca MEILUeYHOH
pacteopy 1:1. Bce of6pasum oCTaBasiiE B STHX
B Teyenme 70-72 wac. npu 15-17° B Temuore.
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Habnonenra nokasand, 9TQ B YKA3AaHHBLIX YCJIOBHSX He IIpoO~
ACXOOMT o6pa3soBaHEd GeCHBeTHHIX, 3e/IeHbIX HIH roiaybtoBa”
THIX NIHECMEHTOB. B ONmITEe C HeBapeHO# TKaHbI0 Habiawmaercd
9aCTHYHOEe pacTBOpPe@HHEe HHTPO3ONHIMeHTa 3TO#i TKaHu B
pacTeope NHZOH e HCl.[locne aTOoro CTpOHAE CHEKTpalb”
Hple XpHBHIE OTpaXeHHS NOBEepXHOCTH Cpe30B., PeayabratTh
onpenenesrs mnokasaHsl Ha puc.l (xpuBme 3 u 4), Kak
BHOHO H3 3THX KDHBBHIX, B HEeBapeHO# MpILIIEYHONH TKaHH 00~
pa3dyeTcd XapakTepHBIl /g Hee HATPO3ONATMeHT, malonmi
B 3e/leHOH d9acTH BHOHEMOH o0671aCTE CHekTpa MAaKCHMyMH
npe 565 =m 582 mmx (xpmsas 3). [dna Bapeno#t Muiiegnol
TKaHH NMOAYYAIOT TaK>Xe XapakKTepHYI CHeKTPAalbHYIO KpHBYIO:
HuarposonurmesT oTO# TKaHM OaeT B ykas3aHHO# o6GaacTi
cnextpa Makcumymul npE 555 m 575 MMk (xpmBaa 4). O7H
peayabTaThl cCoBnamalT ¢ naHEmME Tapnanxmca /11/. B
of6pasmax CoOJ/IeHOR MBIIIeYHO! TKaHH, BhIAEpXKaHHBIX HE
CBeTy, NoC/ie BO31eACTBH4 NH20H » HCl B TegeHume 5~6 1gaC:
Ha BO3[AyXe TIpH KOMHaTHO# TeMnepatrype He HabmiomaercH
o6pa3oBaHas TolyGOBATHIX HAH 3€JEeHEIX NECMEHTOB.
PeaynbTarsl 3TEX ONBITOB NOKA3KIBAIOT, YTO HHTPO3OOAT"
meHT conenoro maca (comepxawu# Fe” ) B npmcyrcreEE
BBICOKHX KOHHNEeHTpanu# NHZOH ycTo#uuB K OelicTBHio aT”
MOC(QepHOro kKmciaopona. M HuME crnoBamH, nopduprHOBO®
KONLIO HATPO3ONAI'MEeHTa COJeHOro Mgca B NpHCYyTCTBEE
NHZOH BLICOKON KOHIEHTpPALNH HEe NOoaBepraeTcsa Heob6pa™
TEMBEIM OKHC/IHTENbHLIM MOpeBpallleEEaM mnon neiicreaeM
aTMOCHepHOTO0 KAC/A0poaa. DTE OAaHHbIE TOBOPAT O TOM, 4TO
B NIPECYTCTBHH NHZOH BBEICOKO# KOHI@HTPANKE DA [LIHTENE
HOM [IeiCTBHHM paCTBOPEHHOI'0O B paccojax armocdepHOr?
KHC/IOpOZla MOJKHO NpOBECTH MOCOJ, eciE ofpa3doBaHue HET
pO3ONUIMEeHTa B NpocaluBaeMoM Mgce OGyner omnepexaT?
Bpe/lHOe MefiCTBHE aTMOCQEpHOro KHCJIOopoaa Ha nopdupd”
HOBOE KOAbLHO. Kak mNoKasan® pes3ylbTaThl NpHBeaeHHB*
BHILE ONBITOB, /IS TAKOr'o ONepeXkeHHss HMeeTcd OocTarod”
HO BpemeHrm. O9YeBAOHO, 3TO ONEepeXxeHHe mMmeeT MecTo HPE
NOCOJIe B YCAOBHAX NOBHIIEHHBIX Temneparyp /8/. Yuurs”™
Bad, 4TO NIpPH 3TOM yCKopgercsa H ob6pa3oBaHme NH20H
/15/, 6GLIIE MOCTABNeHB! ONLITE NO ONpPeaeNeHHI0 ero KoJa#”
YeCTBa B COJleHOH CBHHHHEe, INOJY4YeHHOH# 1O pexXKEMy yCKO™
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PeHHOIo noconla CBHHBIX OKOpPOKOB npm 15° /8/. [Tocony

"onBeprany KYCKH MBIIIEeYHOH TKaHE BecoM oxomno 400 T,
Bbipesanngie ma Pa3MOpPOKEHHOT'O0 OKODOKA CBHHDBH. NH,0H
%Upenengng o pa3paboTaHHOMY HaMm metrony /16/ Ha ng-
The cyrky fiocona, Korna cojlleHas CBHHHHA, KAK B B HAIIEX
Panupx onpiTtax /8/, npmobperana CHapyX® H Ha paspeae
Xpacuyio Okpacky. K aroMy Bpemenm ona npuobperana m
Skyc BeTuunrr /17/. Peayabrarh ompenelleHHs NOKasaim,
49T0 COlleHasg cBEHEHA comepxkut 0,0041-0,0044% NHZOH

PE Tagpx KOHOEeHTpanugax NHQOH OTCyTCTBHE ronay6o -
BaThix HIIE 3eJIeHBIX IATMEHTOB B COJIeHOMN CBHHHHE H Ha/H9YHe
® HeH gy, KPaCHHIX MATMEHTOB NOKA3LIBAET, 9TO 06paso-
Sange HATPO3ONHIME@HTa B CONeHON CBEHEHE onepenmnio
5Pennoe AelcTBHE aTMOCKepPHOro Kucinopona. I'lociie Bapkm
Takag CBEHEHHa npuobperaer yCTOHR9RBYyIO PO30BO~KpAaCHYIO
OxpaCKy. Peaynnrarn BEIIEIPHBE N@HHBIX OILITOB IIOKA3hLIBa—

©T, 9ro IOCOJI CBHHHHEI IO paspaboranHOMY Hamm /8/ pexxu—

My IONHOCTRLI0O mCK

1I098@T 3eJIeHYI0O NMHI'MeHTanuo. Orcyrcr-
Bpe

O6pasoBanus 3eneHEIX HIE TOX

. y60OBATHIX NAMEHTOB ma
BTpOSOHHI‘Me}{Ta

(conmepxawero Fe™ ) nmonreepxpnaer
TonysennLe BEILIE [AHHLHIE O TOM, YTO B Heo6paTHMEIX
OKHC“HTeanux IPeBpPAlleHH 1X NOPGEPEHOBOIO KOmbIa npu-
TMar YHaCTHe OKHCIIeHHhIe HOHBI sKenesa fecnBeTHHX
HHI‘MeHTOB,

Lng Tpenynpex neHns 3eneHoN HErMeHTaNEE COKpale-
"B Cpokon H3roToBlleHEs kon6ac npenacrabBinger HHTEepec
BOaMO)Kuaﬂ HHTeHCH(pRKaums o6pasoBanpg HETPO3ONAIMeHTa
Sle Iponecce mx ocCankd. ITOro MOKHO AOCTHTHYTh,
;angMep. AJIA CEIDOKONYEHHIX Kon6ac myTeM ocankm 10):]
20 BMmecTo 4° /18/. Onmaxo IPEMEHEeHHe TeMuepaTypsl
0~250 Anga #MHTeHCHPHKanMEm npomecca IOCONa, KaK Mh
ycTaHOBanﬂ panee /19/, yrueraer Pa3BHETHe HeOoGXonmMoOl
CHKDOCbnopm' YCKOpsd B TO Xe BpeMs T'HHIOCTHhe nponec-
CLI;)Q 03ToMy He yLIHBHTeIXbé{O, 9TO NpOBeEeHHE OCAalKH
Targ KOmyenmx kon6ac npr 20° He naeT xenaemmux pesyiab-

B/18/. [To~BrnuMoOMYy, OCanky sTHX kKojnbac weob6xonm-—
o Becty npm TeMIepaTypax HeCKOAbKO Hmxe 200,
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3eneHOMYy OKpALUABAHRIO MeTMHOr/IOOEHa B OpomecT
ce mocojia Mfca npenluecTByeT obpas3oBaHEe 6eCnBeTHHX, 8
sareM roayboBaThx NErMeHTOB. [lopdEpEHOBOe KOIbLHO
SeVIeHBIX H ToNy6oBaTHIX NECMEHTOB NOOBEPrayTo HeobpaTH~”
MBIM OKHECIHTE/ILHBIM OpeBpallleHEaM, Torzaa Kak y GecnseT”
HBIX NACMEHTOB 3THX IpeBpalleHE# He NPOHCXOHT.

B HeofpaTEMBLIX OKHCIAHTE/IbHHIX NpeBpalleHEdX HOpQHpPET §
HOBOT'O KO/AbIla NPEHEMAIOT y9aCTHe OKHCJeHHBIe HOHH XKeJje™ "
3a GecHBeTHHIX NHI'MEHTOB,

[MpocanaBaeMoe MSCO MOXHO CHACTE OT NOPHYH TOABLKO B
cranme obpasoBaind OeCHBeTHHX NAI'MEHTOE.

[lopguprHOBOEe KOABLHO HETPOIONHIMEHTa COJIeHOro macé
B n*acyTCTBHH NH,OH BEICOKOH KOHNSHTPALHEE He noasep”
raerca HeoGpaTHMBIM OKHCIATE/]bHLIM NpeBpalleHniIM nod
neficTeaem aTmocdepHOro KHCIOpoa.

B ycnoBrgx yYCKOpEHHOI'0 mnocona npH 15 pck10gaeTd
BOSMOMHOCTL 3e/eHOl NArMeHTALHN NpocankpaeMofi CEHE
HBl, y
Conenas CBEHEHA, NOJyYeHHA® MeTonoM mnocona npa 16/

copepxut 0,0041-0,0044% m203

Bupaxaio ray6okyno 61aronapHOCTh 3a nomoLlls xa#A
bmon. nayx HO.H. JlackoBckoil.
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Pac.l; 1 - CnexTpaibHasi KpuBas MeTMHOrno6uHa; B
1 ‘allbHasg  KpuBag Cupo#t 6GecueetHo# u KOHTPONBLHOR
MBlLlewHO# TkauM nocne Boan 2 HCTBHS NBNO:) H ac-
OpOunopoi KHCJIOTHI; 3 - ClleKTpalbHag KpuBad H 030~

"4 ChIpo#l coneHO#l MplluewHO# TKaHH nocne BO3aei-

CTBug NH,OH i 4 - cnekrpanbHas KpHBafg HHTpPO3OMHIr=—
MeHT s gt <1 » -

MeHTa Bapeno#t comeuoit MBILIEYHOH TKAHH mocne Boa3geficT -
Bug NHEOH ( D - onruyeckas maoTHOC ™s, A - namna

BONIHE B M}AK)

Fig, 1,

1. spectral curve for metmyoglobin

2. spectral curve for raw colourless and control muscle
tissues after NaNO, and ascorbic acid action

3. spectral curve for nitroso pigment of raw cured
Muscle after NH,OH action

4. spectral curve for nitroso pigment of cooked cured
Muscle after NEIZOH action (D - optical density, ,2 - vave
length 3p m ).
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Prc.2: chekTpaibHHE KDHEBHE TEeMHO-3e/eHOH MbledHOR
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MullIegHO# TKaHE nocine BoaaelicTBHA

rxanx (1),
g xonrponsnoft (4)

pactsopom Tapnanxuca /13/ ( NapSp0, B cnabouie—
nouwno#t cpene). ( D — onTHYeckas WIOTHOCTS, A - nnuna
BOJHEL B MMK). l (l

g, 2.
Spectral curves for d
(2), dark green (3) and control (4) muscle after the aotion of

the Tarladgis solution(13) (Na,8,0, in week alkali) (D -~
optical density, A - wave length in mu ).

ark green muscle (1) and for bluish
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RESEAHCH INTO THE PORPHYRIN RING STATE IN THE PROCESS
OF GREEN PIGMENTATION OF MEAT DURING CURING

A.K.Iskandaryan

In the previous works (1-3) there was studied the mecha-
ll . Hsm op

green pigmentation of cured meats and measures for its
P

revention at an earlier stage of the curing process prior to
nitrOSo Pigment formation, were recommended. According to

Cse data, the above-mentioned pigmentaticn results from the
oxidat10n—reduction processes of iron ions of heme pigments,
he atmospheric oxygen and highly concentrated NH,0H (0.0005-~
\0‘05%) which take part in this process. To proceed with this
Tesearch‘ the aim of this paper is to find out whether the
porphyrin ring is subjected to irreversible oxidative changes
‘U the DProcess of meat green plgmentation during its cure.

In literature one cannot find similar studies, and the
ata 8vailable (4-6) deal with green solutions of heme pig-
"ents Without taking into account curing conditions at which
8lentatyon occurs (3).

Studieg on the porphyrin ring state in the process of
€reen pigmentation during cure are of practical interest

the Point of view of manufacture of high quality meat
”r°ducts,

Meat
frgm

) In thig paper experiments having this very aim in view
€ desoriveq. we tried to find the following:

1. the Porphyrin ring state during green Pigmentation,
b 2. Tesistance of the porphyrin ring of cured meat nitroso
1gment (containing Fe®*) to the atmospheric oxygen in the

br
BRI 6 Nahiv acnositreted NH,OH.

To 8tudy this, we used the method of spectral analysis in
v lecteq light by means of monochromator "yN-2" (7). The
erle°t1°n Spectra were determined within the wave length range

Typ




520 to 670 mu. ;

To find out the porphyrin ring state during meat gree?
pigmentation of meat at ocure, pileces of muscle tissue weighiné |
350-400 g each were cut out of deftrosted hams of mature pig®
Then from these pieces samples were cut out so that the musclé
fibers, under study, were perpendicular to the cut surface:
As, according to the manufacturing conditions (8), prior ¥
pork curing autolysis of meat is required for 24-72 hours 8t |
uo/and under these conditions myoglobin changes into metm¥°'§
globin (9)/, the pork cuts were kept at 4° for 48 hours foﬁf
the similar oxidative changes to take place on the cut surf8°°ﬂ
of the samples. As a control, & spectral curve of the G“tf
surface reflection of one of the muscle samples was plotted"
This spectral curve indicated the presence of metmyoglobil j
only, with its characteristic maximum at 635 ms. The result®
of the change are given in Fig. 1 (Curve 1). Then, the remai”|
ning muscle cuts were cured by means of the method,offered by |
us, to obtain green pigments on the muscle surface (3).To get
the uniform action of atmospheric oxygen dissolved in the cuZ®
brine, the muscle tissue is immersed into it so that the out
surface is parallel to the brine surface.

As a control, a plece of muscle tissue treated as de”
seribed above is cured in 18% NaCl brine without added NH{”

As our observations showed, during the first 15-20 ol
nutes following the immersion the cut surface wasdiacolourem
colourless pigments being formed which keep thetrcolour 108
20-24 hours more. During the subsequent keeping in the bri® |
the surface becomes distinetly bluish by the end of the thi’{f '
day and changes into dark greenm on the sixth day.These ob55’1
vations show that green discolouration of metmyoglobin is P"
ceded by the formation of colourless and then bluish pigmentw

For spectrophotometric analysis in parallel experimenf“
as the mentioned pigments are formed on the cured musocle su?”
face, these layers are cut off across the muscle fibers o
immediately immersed into 0.05% NaNO, solution, to whid?
ascorbic acid is added at once on the tip of a knife, and st
4s left in the dark at 15° for 15-16 hours. Ascorbic acid ¥
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3ddeq ¢,

Q ) slmultaneously reduce Fe®*'® heme pigments and N;'NO2
0

Our observations showed that under NaNO, and ascorbic
(nitric oxide action, to be exact) action on the samples
r:;‘& investigated, only control and colourless samples became
» the bluish muscle samples were discoloured and the dark
Ereen Ones left unchanged. Taking this into account, re-
::°t1°n spectral curves were plotted of those samples only
ch became red. While caloulating, it was found that the op~

aciq

.016&1 density of the samples, having become red, which were

taineq from

& the control and colourless muscle tissue was
lar, Theref

Yepy ore, the spectral ocurves of Fhese samples are
®sented with one line (Fig. 1, Curve 2). As is obvious
Tom thyg curve, the samples which are coloured red give in
® Breen of the visible spectrum maxima at 565 and 582 mu.
pr::e Maxima and the fact that the samples are coloured red
€ that in the control and colourless muscle samples no
re"el”'c‘!ible oxidative ohanges of the porphyrin ring occur and
00:::“1‘080 pigment of fresh muscle tissue is formed which
108 Fe'*, This ourve is confirmed by Tarladgis (11).

ag The fact that no nitroso pigment is formed from bluish
oh dari green pigments indicates that irreversible oxidative
Ages have occurred in them,

To confirm this conclusion, we tried to change bluish and
Ougy, 8reen pigments into myochromogen. A reflection spectral
€ of muscle tissue coloured dark green was preliminary

Plo
tteq, The results of measurements are shown in Fig. 52
(Cupy, 1

in As is seen from the curve, this muscle tissue gives
.n the vigy

ble spectrum maximum at 645 mi., It indicates that
Bimile_l. green pigment d4s, in its nature, 1dent1ca.l’to a
Then ? Pigment obtained from a metmyoglobin solution (12).
aamp;ea" obtain myochromogen, dark green, bluish and control
Af'cer . °f muscle tissue are treated by Tarladgis' method (13)
q Wh:ih treatment only control samples are coloured pink-

“‘"Dlea € dark green samples retain its former colour Bluish
are discoloured only partially. Then all the samples

Qe
&It 1n the Tarladgis solution until complete disco-

Uscle dark




louration of both dark green and blnish pigments occurs.After
this, their reflection spectral curves were plotted. The
results of measurements are given in Fig, 2 (Curves 2,3 and e
As i3 seen from Curve 4, a control gives in the green of the
visible spectrum maxima at 535 and 560 mm, characteristic o
myochromogen (13). The absence of pink-red colour and maximé
in the visible spectrum in discoloured pigments obtained fro®
bluish and dark green muscle tissue witnesses that no myo=
chromogen is formed from bluish (Curve 2) and dark green (Curve
3) pigments and therefore the porphyrin ring of the mentioned
pigments undergoes irreversible oxidative changes.lrreversiblE
changes in the porphyrin ring of bluish pigments show that

!

‘a
‘

these changes occur prior to the time of green pigments formé# |

tion.

From the results of the above experiments it is obviou®
that meat, to be cured, may be lkept from spoilage only at the
stage of colourless pigments formation. The absence of 1¥~
reversible oxidative changes in the porphyrin ring of colour”
less pigments, where iron ions are bivalent (3), and the preé”
sence of such changes in green pigments, the iron ions of
which are partly oxidized to trivalent ones (3, 12), indicat®

t the oxidized iron ions of colourless pigments take part
iu the porphyrin ring changes mentioned above,

To study the resistance of the porphyrin ring of cured
meat nitroso pigment (containing Fe®®) towards the atmospherif
oxygen in the presence of highly ooncentrated NHzoﬂ, a set of
experiments on curing was performed. For these, a piece of
muscle tissue with the colourless layer removed was used,which
was left from the previous experiments. The above musclé
tissue was subjected to accelerated cure (5 days) (8) at 19 *
Then the cured muscle was transversely halved. One half w8
cooked at 83-85° until the internal temperature reached 7Oq
After cooling a 1 om layer of muscle tissue was removed 1ro®
the cut surface, and the remaining part was treated with Naw0z
and ascorbic acid solution, as was described earlier. The
second half (uncooked) was similarly treated.It was necesss®y
to complete the conversion of the pigment still containisé
Fe***® into nitroso pigment containing Fe** (14), Then, vot?
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0°0ked and raw muscle tissues were immersed separately into
{l% NH,OH.HC1 solution. It was done so that the ocut sur-
S0es Were parallel to the solution surfaces. The ratio of the

my,

by

g

N :Cle Welght to the solution was 1:1. All the samples were
eft

he o
Ormg
Cage
Uity

12 the solutions for 70-72 hours at 15-17° in the dark,
bseI'Vations showed that under the conditions indicatedno
tion of colourless, green or bluish pigments ooour. In
°f the uncooked sample partial dissolving of this tissue
80 pigment 4n NH,OH-HC1 1is observed. After that we

l‘i. d‘otted Teflection spectral curves of the cut surfaces. The
] 8u)
4)

+ 4s

QIBment 1s formed whioh 4s characteristic of the musole and
Ve

8 of the determination are shown in Fig. 1 (Curves 3 and
1s seen from them, in the uncooked muscle a nitroso

8 in the green part of the visible speotrum maxima at 565
282 Wi (Curve 3). In case of the cooked sample a ocha-

teriatic spectral curve is also obtained., The nitroso pig-

°f this tissue glves in the above field of the spectrum

Ta at
Ro0q 555 and 575 mu (Curve 4)., These results are in a

D
Py

%reement with Tarladgis' data (11). In cured muscle
es, kept in the light, no formation of bluish or green

1nt§nt° Tesults from NH,OH-HC1 effect at room temperature
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® alr for 5.5 hours,

The Tesults of these experiments show that cured meat
° pigment (containing Fe**) in the Presence of high
entrations of NHZOB is resistant to atmospherioc oxygen.
e Words, the porphyrin ring of cured meat nitroso pig-
%8s not undergo irreversible oxidative changes under
fluence of atmospherio oxygen in the presence of high
Tations of NH,OH, These data indicate that with highly
Tated NH,O0H present, in case of long action of the
8Tic oxygen dissolved in brines it is possible to per-
v Suring process if nitroso pigment formation in meat,
oUred, will outstrip the harmful influemce of the at-
™10 oxygen on the porphyrin ring. As the results of the
°XP°r1ments showed, for such outstripping there is
ime, Apparently, this takes place during curing at

ent
ent

e
,MQ:‘°4 temperatures (8). Taking into acoount that NH,,0H

m 15 also accelerated (15) here, experiments were con-




ducted to determine its content in cured pork, produced O
accelerated curing process of pork hams at 15° (8). We oured
muscle ocuts weighing about 400 g each, taken from a defroﬂ"‘d
pork ham. NH,OE was determined by the method, worked out by
us (16), on the fifth day of curing when oured pork /like |
our earlier experiments (8)/ became red outside and on the out |
surface, By this time it acquired ham taste too (17). The r€”
sults showed that cured pork contained 0.0041-0,0044% °£1
NHZOH.Iith such NEZOH concentrations the absence of bluis® 9§
green pigments in cured pork and the presence of red pigmﬂn” '
only indicates that nitroso pigment formation in oured P°r‘;'
has outstripped the harmful effect of the atmospheric oxyse®’|
Affer cooking such pork becomes resistantly pink-red. The 1“"'
sults of the above-mentioned experiments show that pork ouriné |
according to our method (8) excludes green pigmentatio?
completely. The absence of green or bluish pigments formati®®}
from nitroso pigment (containing Fe®®) is confirmed by el \
above-obtained data that oxidized iron ions of colourless pﬂS’;
ments take part in irreversible oxidative changes of e
porphyrin ring. ‘

For preventing green pigmentation and cutting sausage .2
duction time, possible imtensification of nitroso pignent
formation in the process of sausage settling is of inter“t'
This can be achieved, e.g., for dry sausage, by performing
at 20° instead of 4° (18). However, the temperature 20-25° ¥
intensify the oure process, as we established previously (19)
inhibits the growth of proper miocroflora,accelerating at b
same time putrefactive processes. Therefore it is 26*
surprising that dry sausage settling at 20° does not Ei"
desirable results (18). Obviously, the settling of such ‘
sausages should be performed at temperatures somewhat bel?
o

!

|

Conclusions i

Green pigmentation of metmyoglobin during meat curing u !
preceded by oolourless, and then bluish  pigments formati?”
The porphyrin ring of green and bluish pigments is subjeo“a
to irreversible oxidative ochanges, while in case ufoolourle"

pigments no such changes ocour.




Oxidized iron ioms of colourless pigments take part in

":i 1rre"el‘sible oxidative changes of the porphyrin ring.

y

wl o Meat for cure can be prevented from spoilage only at the

48 8¢ of colourless pigments formation.

ub > The porphyrin ring of cured meat nitroso pigment in the
Te

e~ 8 Sence of NH,0H of high concentration is not subjected to

of 1ne"eI‘Sible oxldative changes under the influence of the

or W08pherso oxygen.

118

‘ ‘ With accelerated curing at 15° the possibility of green
" prgment&tion of oured pork is eliminated. Fresh oured pork
3

NHMHCEG by pork curing at 15° contains 0.0041-0,0044% of
0y
ovd,
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