8.1

Investigation into the factors influencing the oxidative changes in pigment of
£ooked-cured meat products

Y+ PARKAS, . ANDRASSY end K. INCZE

c
entral Food Research Institute and Hungarian Meat Research Institute, Budapest, Hungary

o find the reasons for the occurrence of green spots on the surface of certain
cooked-Cured meat products, processing and storage experiments were carried out with
2i28‘3010gna. The aim of the experiments was to find the facto;s promoting and hindering
Ereen discoloration. The latter phenomenon was promoted by the use of frozen meat,
ti inBUfficient heat treatment during smoking and cooking, by higher temperatures during
8nsportation or storage and by crammed storage in unventilated rooms, where products
zzesgamMGd to each other and other objects. The use of ascorbic acid in a concentration
. 0 mg/kg reduced or completely prevented the tendency for greening. In model
ozzzriments carried out with the nitroso-pigment produced from horse heart myoglobin the
g 8tive degradation of the pigment and the development of green colour could be induced
COu:zdrOBGn peroxide oxidation. By the use of cysteine and ascorbic acid this degradation
s be inhibited. According to our findings some oxidative changes in the pigments of
broducts are not necessarily of microbiological origin: the peroxides decomposing
® Pigments may also originate from autoxidation of the tissue.
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By
U,B::EZBH ?erstellunge— und Lagerungsversuche mit Knackwurst durchgefilhrt, um die
gep6k51: fir die Entstehung der griinen Flecke auf der Oberfliche von gewissen gekochten
a“fzur en Fleischprodukten zu untersuchen. Ziel der Versuche war es, diejenige Faktoren
heMmend den, welche auf die Entwicklung der oberflichlichen grilnen Flecke fordernd bzw.
GerrierfW1rk°n. Die Entstehung der griinen Verfiérbung forderten die Verwendung von
e hisp, leisch. die unzureichende Wérmebehandlung wihrend der Riéucherung und des Kochens,
Py ore Temperatur wihrend des Transports und der Lagerung und die Lagerung der
Qega Bt? in ungeliifteten iiberfilllten Riiumen, wo sich diese aneinander oder an andere
Vou 50 “nde gedriickt werden. Durch die Anwendung von Askorbinsdure in einer Konzentration
v°1lat~ 0g/kg wurde die Entwicklung von griinen Flecken deutlich geschwicht oder
Ny “ndig verhindert. In Modellversuchen, die mit aus Pferdeherz-Myoglobin hergestelltem
By °Digment durchgefithrt wurden, ist es uns gelungen, die oxidative Verﬁnderung vom
hﬁrvOrt wd die Entwicklung der grilnen Verfirbung durch Oxidation mit Wasserstoffperoxid
Nﬁeh “Urufen, Der Abbau liess sich mit Anwendung von Cystein und Askorbinséure hemmen.
nieht Seren Versuchen sind manche oberfliéchliche griine Verfirbungen von Fleischpigmenten
Digmen:nbedingt auf mikrobiologische Griinde zuriickzufithren: die den Abbau der Fleisch~

% Verurgachenden Peroxyde ktnnen asuch bei der Autoxidation von Geweben entstehen.
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L’examen des facteurs gui influencent les changements oxydatifs du pigment des

produits de viande fumés et boullis
J. FARKAS, E. ANDRASSY et K. INCZE

Institut Central de Recherches d’.industrie Alimentaire et Institut National de
Recherches d'Industrie sur la Viande, Budapest, Hongrie

Afin de constater les causes du verdissement superficiel tacheté de certains produits
de viande fumés et bouillis nous avons effectué des expériences de production et de
stockage de saucisses pour chercher les facteurs qui favorisent ou empéchent le verdis”
gement. Nous avons trouvé que celui-ci est favorisé par 1l’emploi de la viande frigori~
fiée, par le traitement thermique insuffisant pendant le fumage et boulllage, par 1a
température plus élevée de transport ou de stockage, par le stockage insuffisament
aéré et encombré des produits, par la compression des produits /entre eux ou contre
certains objects/.

L’emploi d’acide ascorbique en une concentration de 500 mg/kg a notablement diminué ou
complétement arrété la disposition de verdissement. En expériences de modéle avec du
pigment-nitroso gagné de mioglobine emtrait de coeur de cheval, il nous réussit par
oxydation avec du peroxyde d’hydrogdne & opérer la dégradation oxydative du pigment

et la production du colorant vert, et par 1' usage de cystéine et d’acide ascorbique

i1 nous réussit a empécher la décomposition. Selon nos recherches certains phéno~
ménes de verdissement des pigments de viande ne sont pas absolument d’origine
microbiologique. Les peroxydes qui apportent la dégradation dea pigments de viande
peuvent eétre aussi d’origine autooxydative de tissus.

UecnezoBanne (GaKTopoOB, BAMANUMX HE OKUCJINTEJBHHE WSMEHOHUS NMUIMEHTOB BAPEHHHX,
MapVMHOBAHHHX MACHHX u3zenuit

ft. DAPKANl, E, AHJIPAINM u K. VHIE

llenrpansHuit Hayuno-llccne zosaTenbckuit NHeruTy T MueBo#t [IpoMbun6HHOCTH X
T'ocynapcTBeHHH!t HayuHo-llccnezoBarenbekult NHeTnTyT MAcHOK [IpoMHuI6HHOCTH
bynaneunt, BeHrpufA

[Ip MBHCKAHMM NPMYMH MOBEPXHOCTHOI'O NATHUCTOI'O NO36NEHEHUA HEKOTOPHX BEPOHHHX, MapuHO~
BAHHHX MACHWX U3M6JM# Owny NMpPOBOZAGHH ONHTH MCCJENOBAHMA NPOM3BOJCTBA ¥ XpaHOHMA cC8P~
ZIeNBKA ¢ LOJNBD MecnenoBaHud (GaKToOpoB, CMNOCOOCTBYOUMX M 3aMeIANOMX Nponece noseneHeHMf
[lo3en6HeHMD CNOCOGCTBOBANO YNOTPACNEHMe 3aMOPOXGHHOIO MACA, HOZOOTATOYHAA TEMI000pa—
GoTKa NMpM KOMYEHUM — BApeHuM, 0066 BLCOKASA TEMIEpaTypa MpH TPAHCMOPTMPOBKE uiu NMpH
XpaHeHUM, 8 TAKK6 3arPOMOXZEHHOE XpAHeHWe NMPOAYKTA 063 BOHTHUINALMMA, TDURMMAHAE npoAy KT8
ZDYr K ApYTy MIM K ADYTMM ID6ZMETAM, [IpMMEHOHMG AcKODPOMHOBOM KUCIOTH B KOHII@HTpa LMK
500 MI'/KT B 3HQUATENHHOM MEDe CHUBMIO MM X6 COBCOM NPOKPATHIIO CNOCOCHOCTH K 1nosene—
HOHUN, [N ONHTAX HA MOZEJM C HMUTDOBONUTMOHTOM, MNOJYYGHHOI'O M3 MUOLIOGMHA JOWAZUHOTO
cepina OKMCIGHUOM MEpPEeKUCHH BOZOPOAA MH CMOIM BH3BATH OKMCIMTENBHYN ZX8rpazaiup nar-
MEHTa ¥ 00pa30BAHNE 86JEHOU Kpacku, & NPUMEHOHMEM LMCTEUHA M 8CKOPOMHOBON KUCHOTH
yZanock TOPMOSMTH NMpPOLECC Pa3IOXeHWA. Ha OCHOBAHMM HAUMX MCCIEZOBAHMR HEKOTODHS
SIBJIOHNA NOB6JO6HOHUA NATMEHTOB Mfca ABNANTCH HE 00A3ATENBHO MUKDPOGMOJOTUYECKOTO MPOUCT
XOXZEeHMA, 8 MOTYT NPOMCXOZMTH OT NEpeKucelt, BH3WBADLME DA3NOKEHME MATMOHTOB MAca M
00pa3ynmuens Npy CAMOOKMCIEHMNM TKaHEH.
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quency of samples discolored during seven days of
cell counts meapured on Rogosa agar plates are shown in
sxperience also the greening of the experimental
the pressed surface area in forms of spots. On the basis
by factor analysis, we established that application of
well as insufficient smoking-cooking temperatures
1g, especially if /temporarily/ exposed to storage
. The effect of these three factors contributing to green
substantially by the addition of ascorbic acid., With
where not all of the production - storage treatments were
acld prevented greening entirely. According to factor
ical and storage factors had a statistically significant effect
for the intensity of the heat treatments involved in smoking and
>tors significantly influenced each others’ effect: there was an
on Rogosa agar plates did not show considerable differences:
of greened samples similarly resembled that of non~greened ones.
taining culture medium, none of the colonies indicated hydrogen

'4"

ntensity of free sulfhydryl reaction, carried out on various parts
be stated that, in samples containing frozen meat, the

f free Bklfhvawvl groups decreased more rapidly than in samples prepared of
meat, Disappearancs of free nitrite was accelerated by keeping the sausage samples at
t 16 hours at the beginning of storage.

remaining red, surface parts in direct contact with the skin gave free sulfhydryl
of smaller or greater intemsity even on the 7th day of storage. Discolored surfaces
occasion give color reactions indicating presence of free nitrite and free sulf-

x.)

mples, it

to the results of analyses performed by HORNSEY's method the quantity of total

nts Jrﬁmip*tetﬁa, after nitrite treatment, from horse heart myoglobin solution by
t at 70°C was merely one third of the total haem pigment content

ting after a heat treatment of 15 min at 85°Ca But in both cases, about 75 % of

m pigm&nt in the separated precipitate proved to be nitroso pigment. Pigment

n experienced in the course of oxidation by hydrogen peroxide, carried out

t cipitates in a solution containing nitrite and sodium chloride,

] ed in Fig, 2, These ratios depended on the presence of anti-

1 pigment suspensions not containing anti-oxidative additives

o-myochromogen was decomposed similarly, the total pigment content,
of such suspensions was only about half of the total pigment content

treated with hydrogen peroxide.

itroso-myochromogen precipitated by a 15-min heat treatment at 85°C resulted
sindicating that the pigment was completely mrecipitated. A heat

"C, on the other hand, resulted in only partiasl precipitation of

separation of which the superaatant remained reddish-brown in color.
peroxide treatment was also performed with this non-denatured

the same time, the protective effect of cysteine and ascorbic acid was

Qxiﬂr ”$.”,1 With the exception of FEOZ’ the concentration of additives was half of that in

“tlon experiments with pigment precipitates. As a result of H2 2 treatment, the pink
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color of the samples containing reducting additives turned yellow, while the brown color of
the samples containing no reducing agent turned green. Absorption spectra registered before
and after color changes and oxidation treatment are shown in Fig. 3.

The absorption spectrum reglstered before oxldation indicated nitroso-myoglobin /VIOLF et ale!
1978/. After oxidation, the gpectrum of the pigment samples prepared by adding both cystei”e
and ascorbic acid or containing only cysteine indicated haematin formation during the
oxidation. The spectrum of the green sample containing no reducing agent differed from the
spectra of both nitroso-myoglobin and haematin, and the spectrum of the sample supplemented
only by ascorbic acid as an anti-oxidant, was also somewhat similar to the spectra of
greenish discolored samples after hydrogen peroxide oxidation.

Discussion and Conclusions

Based on our experiments we can state that the investigated discoloration of meat product?
is the consequence of oxidative degradation of the meat pigments probably as an effect of
peroxides /TARLAGDIS, 1961; 1962/. We have not had so far i1dentified the green pigment.
Based on data of the relevant literature, we have come to the conclusion that greening
phenomenon that occurred during the model-experiment might be the result of reactions
connected with the formation of ferryl-myoglobin /GEORGE, 1952: GEORGE & IRVINE, 19554
KING & WINFIELD, 1963; PEISACH et ale, 1968; GIDDINS & MARKAKIS, 1973/. According to owr
observations, the discoloration investigated by us and the aspumed peroxides are not of
microbiological origin but probably the consequence of autoxidation of components of meat
products. Discoloration seems to be promoted by the use of frozen stored meat, probably o?
a consequence of its more advanced autoxidation state, by insufficient heat treatment in
the course of smoking and cooking as well as by the elevated delivery and storage
temperature. The striped-spotty discoloration indicates the inhomogeneous distribution of
meat product components decisive from the point of view of discoloration. Since in the
gtorage experiment discoloration took place after presgsing sausages t¢ each other or %0
other objects, and around the pressed surface, presumably it is somehow connected also
fat and moisture migration which might be the consequence of pressure. It is significﬂnt
from this aspect, too, that the waier binding capacity of frozen meat is very low /ANONe!
1978/, Products with significant redox=-poising capacity are less liable to discoloratio®’
in this respect great significance can be attributed to sulfhydryl groups and to the
addition of an anti-oxidant, suitably ascorbic acid.

f
tO
Development and gtabilization of nitroso-pigments take place rainly in the heat treatme?

meat products as a phase of production. The importeance of cooking and that of free sulf”
hydryl groups in gtabilizing pigments of cured meats was pointed out already by HORNSEY
/1956/ and WATTS and assoclates /1955/. Possibly, when producing meat products, the ¢0%°
centration of components with redox-poising capacity, the extent of denaturation and rﬂt
coagulation of protein, the gtability or the oxidation tendency of pigments may be aiffe
depending on raw-material conditions, salt concentration, intensity of heat effect in
course of production, etc.

the

Depletion of sulfhydryl /reducing/ groups is accompanied by the oxidation of the feﬂ'war
atom of haem, and the decomposition of the porphyrin ring. The sulfhydryl groups OTF oth:ﬂ”
reducing agents, ©.8. added ascorbic acid, protect product color, in case sufficient

is present.

|
ed
Based on the above, it is clear that effects resulting in protein denaturation - end bgo&

treatment is the most important among these -, are significant not only in developing
color of a cured meat color but also in stabilizing the nitroso-pigment. In the pr0t°izﬂ
denaturation process sulfhydryl groups are liberated /WATTS et al., 1955/ and it 18 ¥
reducing effect that ocan be the cause of the above favourable effecte.
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Numerous other researchers, too,have sucessfully applied ascorbic acid to prevent oxidative
rancidity and discoloration of raw meat /WATTS & LEHMAN, 1952; BAUERNFEIND et al., 1954;:
WATTS. 1954/. Application of ascorbic acid is advantageous for cured meat products not only
due to its effect of preventing oxidation in the course of storage but also because more
hitrite is reduced with it to nitrogen oxide and this way more myoglobin can be transformed
into nitroso-myoglobin., At the company mentioned in the Introduction of this study,
application of ascorbic acid introduced upon experiences and results of our experiments
Practically diminished the problem of disccloration.
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fig. 1 Discoloration frequency and viable cell
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fig. 2 Effect of cysteine and ascorbic aci

count /determined on Rogosa agar/ of
experimental sausage samples after T day®
of storage, as a function of production
and storage conditions. Legend: columns
represent percentage frequency of greeﬂed
samples, ® N marke viable cell count per &
A\ = gscorbic acid; low-temperature cooki P
= smoking up to 55°C, cooking up to a cO¥°
temperature of 65°C; high-temperature
cooking = smoking up to 60°C, cooking uP i
a core tempersture of 70°C. Top diagram:
storage at 12°C after keeping at 24%c for
16 h until muggy. Bottom diagram: storsf®
at 12%.

g w

the decomposition by H,0, of sugpensio®
of nitroso-myochromogen precipitated
formed from horse heart myoglobin in ?
golution containing 5 % NaCl and 45 e
NaNO,. The figure illustrates pigment
quantities measured after 90 min of
shaking at room temperature in the
presence of 280 /AM H202. Data are &'
in percentage of the original pigmen?
content of the suspension not conta g
additives and hydrogen peroxide. Colwwﬁ
in the upper diagram illustrate st8b11{
of pigment precipitated by a heat tref
ment of 15 min at 85°C, while those 3*
the lower diagram show stability of
pigment precipitated during 15 min Ofo
heat treatment at 75°C. Symbols e and
mark scores for observed intensity ©
free -NO, and free -SH color reactioﬂg
performe& after shaking the suspenﬂioﬂ
AA = agscorbic acid; Cys = cysteine.
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‘fig. 3 Color and absorption spectrum of
supernatants after removing
nitroso-myochromogen precipitates
produced by a 15=-min /"insufficient"/
heat treatment at 70°C, before
/initial/ and after treating with
280 mM hydrogen peroxide and in
the presence and absence, resp., of
reducing additives.

AA = 213 mg/1l ascorbic acid;
Cys = 1650 mM cysteine.






