
iS leB tlgatlrm  -Into the factors Influencing the oxidative changes In pigment of  
■ SSgked-c.iiT.o/1 meat products

J* PARKAS, E. ANDRASSY and K. INCZE
Central Pood Research In s t itu te  and Hungarian Meat Research I n s t itu te , Budapest, Hungary

To find the reasons for  the occurrence of green spots on the surface o f certain  
eooked-cured meat products, processing and storage experiments were carried out with 
th ~B° l0gna* The alm °£ the exPeriments was to find the factors promoting and hindering green d isco lo ra tio n . The la t t e r  phenomenon was promoted by the use of frozen meat, 
y in su ff ic ie n t  heat treatment during smoking and cooking, by higher temperatures during 

aneportation or storage and by crammed storage in  unventilated rooms, where products 
ofe dammed to  each other and other o b jec ts . The use o f ascorbic acid in  a concentration  

500 mg/kg reduced or completely prevented the tendency for  greening. In model 
^Parimenta carried out with the nitroso-pigm ent produced from horse heart myoglobin the 

^Atdative degradation o f the pifpnent and the development o f green colour could be induced 
^  hydrogen peroxide ox id ation . By the use of cyste in e and ascorbic acid th is  degradation 
^ he in h ib ited . According to  our fin d in gs some oxidative ohanges in  the pigments of 
th Pi>odu cts are not n ecessa r ily  o f  m icrobiological orig in: the peroxides decomposing 

Pigments may a lso  orig in a te  from autoxidation o f the t is s u e .
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Ti^-SSüPhung d ie  oxidativen Änderungen der Pigmente von gekochten gepökelten  
s>̂ ~S£hprodulft:nn beeinflussenden Paktoren

FARKa s , e . ANDRASSY und K. INCZE
(jjj, ^-Torschungsinstitut fUr Lebensm ittelindustrie und Ungarisches Forschungsinstitut 

ia iech w irtsch aft, Budapest, Ungarn

H eratellungs- und Lagerungsversuche mit Knackwurst durchgefUhrt, um dieBaoh:60 d ie Entstehung der grünen Flecke auf der Oberfläche von gewissen gekochten 
Plelschprodukten zu untersuchen. Z ie l der Versuche war e s , d iejen ige Faktorenelten2ufinrt^"“»and ^  wedo L̂0 auf dde Entwicklung der oberflächlichen  grünen Flecke fördernd bzw.

Gej  v&rken. Die Entstehung der grünen Verfärbung förderten d ie Verwendung von 
C ^ i - ,  d ie  unzureichende Wärmebehandlung während der Räucherung und des Kochens, 

Temperatur während des Transports und der Lagerung und d ie Lagerung der 
Geg6jl ® ih  ungelüfteten  ü b erfü llten  Räumen, wo sich  d iese  aneinander oder an andere 
Voa ßadrückt werden. Durch d ie Anwendung von Askorbinsäure in  einer Konzentration
V01l '"'E/kg wurde d ie  Entwicklung von grünen Flecken d eu tlich  geschwächt oder 
*Iit1>0BUll<̂ E verhindert. In Modellversuchen, d ie mit aus Pferdeherz-Myoglobin hergestelltem  

° ^ smen't durchgeführt wurden, i s t  es uns gelungen, die oxidative Veränderung vom
die Entwicklung der grünen Verfärbung durch Oxidation mit W asserstoffperoxid  

P^hien. Der Abbau H e ss  s ich  mit Anwendung von Cystein und Askorbinsäure hemmen.
Versuchen sind manche ob erfläch lich e grüne Verfärbungen von Fleischpigmenten 

■̂ ÖUe ^^adingt auf m ikrobiologische Gründe zurückzufähren: d ie den Abbau der F le isch -  
6 verursachenden Peroxyde können auch b ei der Autoxidation von Geweben entstehen.

E d e llin e n  sivu  tyhjä
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L'examen dea facteurs oui influencent lea changements oxydatifs du pigment dea 
produits de viande fumés et bouille 
J. PARKAS, E. ANJJRÂSSY 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 experiences de production et de 
stockage de saucisses pour chercher les facteurs qui favorisent ou empechent le verdis' 
sement. Nous avons trouvé que celui-ci est favorisé par l’emploi de la viande frigori" 
fiée, par le traitement thermique insuffisant pendant le fumage et bouillage, par la 
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 diminue ou 
complètement arrêté la disposition de verdissement. En expériences de modèle avec du 
pigment-nitroso gagné de mioglobine extrait de coeur de cheval, il nous réussit par 
oxydation avec du peroxyde d’hydrogène à opérer la dégradation oxydative du pigment 
et la production du colorant vert, et par l1 usage de cystéine et d’acide ascorbique 
il nous réussit à empêcher la décomposition. Selon nos recherches certains phéno­
mènes de verdissement des pigments de viande ne sont pas absolument d’origine 
microbiologique. Les peroxydes qui apportent la dégradation des pigmenta de viande 
peuvent être aussi d’origine autooxydative de tissus.

H0QJiefl0B3HHe ¿[)3KT0P0B, BJIHHWI1U1X Ha 0KK0JIMT8JIBHU8 M3M0H8HHH ilHrMSHTOB BGpeHHUX, 
M3PHH0B8HHHX MHCHUX H3J6JlHti
0. OAPKAI, E. AHÆPA1ÜM H K. HH UE
UeHTpajiBHufl HayvHO-Hco:ieflOBaTejii.cKntt Mhothtyt IIhiugbo« IIpounuui0hhoctm h 
rocynapcTBSHHutt HayNHO-MccjienoBaTejiBOKHtt MHCTHTyi MhchoH IIpomuiiui0hhocth 
EyaaneniT, B0Hrpnn

IIpH M3UCK8HHH npHHHH nOB0pXHOCTHOrO JlHTHHOTOrO I1O30J10H0HHH HGKOTOpUX BapGHHUX, M8pHH0- 
BHHHUX MHCHUX H3fl0JIHit (5UJ1H npOBOfleHU OIIUTH HCCJI0ÆOB8HHH np0H3B0flCTB8 H XpaHGHHH C8P" 
Æ0JIBKH C U0JIBB HOCJI0flOB8HMH $8KT0p0B, CnOCOÔCTByBUlMX H 3aU0,HJIHBIHHX npOUGOO I1O30J10H0HH,Î' 
IIO30JI0H0HHJO cnocodcTBOBajio ynoTpaOjieHMe 3auopoK0HHoro unca, HOfloCTaTcmaH Tomioodpa- 
(5o tk8 npH KonqsHHH - BapGHHH, (5ob00 BucoKan TSMnepaTypa npH TpaHcnopTHpoBKO m m  npH 
XP8H0HHH, 8 T8KX0 3arpOMOS£flëHHO0 XpaH0HH0 npOflyKTa (503 B0HTHJIHUHH, IipHKHMaHH0 npOÆyKTB 
flpyr K flpyry m m  k npyrHM np0HM0Tau. llpnu0H0HH0 acKopdHHOBotl khcjiotu b KOHU0Hipaunn 
500 Ur/Kr B 3HaHMT0JIBHOÎl M0p0 CHM3HJIO HJIH X0 COBC0M npSKpaTHBO CnOCOÔHOCTB K I1O30JI0- 
H0HHB. Ilpn OnuTaX Ha MOH0JIH C HHTpO3OnnrM0HTOU, nOJiyq0HHOrO H3 MHOrjIOCillHa JIOUiaflHHOrû
copaua OKHCH0HM0M n0p0KHCBK) Bonopona mu cmoi'jih BusBaTB oKHOJiMTOjiBHyio narpananHB ni/iV- 
M0HT8 H Odpa3OBaHH0 80JlëHOÜ KpaCKH, 8 npHM0H0HHaU UHCT0HHa H aCKOpÛHHOBOÎt KHCJIOTU 
yAajIOCL T0PM03HTB npOII0CC paSJIOXOHHH. Ha OCHOBaHHM HaiIlHX HCCJieaOBaHHtl H0KOTOPU0 
HBJI0HHH nO30JI0H0HHH HHPM0HTOB MHC8 HBJIHMTCH H0 OÔH3aT0JIBHO MHKpO(5HOJIOrHH0CKOrO npONC" 
xoxhghhh, a MoryT npoHoxonHTB ot napaKHcafi, BU3UBaBiiiM0 pasjioxaHHa nuriiOHTOB Maca h 
odpasyBDiHCCH npH c6mookhcji0hhh TKaHeñ.
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^iudjgg on the fa c to rs  in flu en cin g  the ox id ative ohenges In the Pigments o f cooked-cured 
®aSl_E£oducta

J* PaKCAS, £ . AHDRÄSSY and K. INCZE
®htral Pood Research In s t itu te  and HungarianMeat Research I n s t i tu te , Budapest, Hungary

°he o f our food processing en terp rises the surfaoes o f certa in  cured, cooked meat 
^oduots were occaBBlonally observed to turn green in  irreg u lar , sp otty -str ip ed  forms during 

''~3'age, and e sp e c ia lly  in  warmer weather. This d isco lora tion  did not spread over to the 
^ i r e  surface or to  the inner parts o f the produot, and was not aooompanied by micro- 

l o g i c a l  d eter iora tion  e ith e r .
0 M icrobiological d isco lo ra tio n  o f cured, cooked meat products discovered among the f ir s t  
^VEH and a sso c ia te s  /NIVEN et a l . ,  1949; NIVEN* EVANS, 1957/ i s  a well-known produot 

 ̂ ®r00ai i ° n  phenomenon in v estig a ted  e a r lie r  in  Hungary, too /BIR6 * INCZE, 1959; INCZE,
, D isco lo ra tio n , the subject o f th is  study, however, did not seem to be o f micro- 
 ̂ D~°gical o r ig in , the reasons being that no considerable d ifferen ce  waB experienced 
0t*een the v ia b le  c e l l  counts o f  d isco lored  samples and samples showing no d isco lora tion . 

Ro°tiC 0Cld bacteria  producing H202 could not be iso la ted  even from green samples on 
e °̂®a agar p la te s  containing manganese d ioxide /INCZE, 1961/. Furthermore, d isco lora tion  
9 d hot be spread from one sample to  another by laying green and non-green samples on 
he ° ther* Therefore, production and storage experiments were performed with one o f the 

PhoductB, with Ring Bologna, subject rather frequently to th is  d isco lo ra tio n , while 
Qs tio n model experiments were performed with nitroso-pigm ent prepared from horse heart 

°Slobin to  d etect faotors promoting or hindering i t s  d isco lora tion  and alBO to in v estig a te  
6 the d isco lo ra tio n  in  question might be due to  autooxidation in  the t is s u e s .

' ^ S l B  and Methods
¿Sal

-®ib2.d2^■ *s / 1 9 5 6 /  method was applied to  determine concentration o f meat pigments.
®90hce o f fr ee  n i t r i t e  in  meat products was oheoked by a te s t  paper containing eu lphanilioit,

field __________,Blld elpha-naphthylamine /FEIGL, 1954; ERBMAN * WATTS, 1957/. To the q u a lita tive  
tQS W  of su lfhvdrvl groups we applied the sodium n itroprusside co lor reaotion  according 
3 and a sso c ia te s  /1 9 5 5 /. In ten s ity  o f co lor reaction s was marked by scores 0 , 1 , 2,
j’ 5.

number / Lea number/ o f  the fa t  content o f raw m aterials used for  the experiments 
cha d°tehaihad by iodometrio t it r a t io n  o f the ex tracts  prepared with chloroform, and was 
e a ^ ^ i z e d  by the volume o f the 0.002 N sodium thiosu lphate so lu tion  consumed by the 

08» and oaloulated  fo r  1 g o f f a t .
S*2ducti“ - 12il_adid Storage Experiments
W  B°l°gna samples were”prepaied in  the p ilo t  plant of the Hungarian Meat Research 
afiii>ifcUte’ Budapest. The proportion of raw m aterials and ad d itives used in  the experimental 

Waa fche sama 818 that 11063 by the faofcory wh9re the d isco lora tion  of the produots 
«IfUj>9<5*ln  th® 24 fa c to r ia l  produotion-storage experiment the aim was to in v estig a te  the

of the fo llow in g  faotors*
A -  addition  of ascorbic acid 

-  0 g/10 kg meat emulsion 
Ag -  5 g/10 kg meat emulsion.



8.1 B -  using frozen meat stored in  th is  s ta te  for  longer periods
-  applying e n tire ly  frozen meet,

B2 -  applying merely pre-cooled fresh  meat,
C -  in te n s ity  o f heat treatment during production

-  smoking up to  55°C, cooking up to  65°C /core temperature/* 
C„ -  smoking up to  60°C, cooking up to  70°C /core temperature/,

D -  storage conditions
D. -  bulk storage at 24°C throughout 16 h , continued by1 Qstorage at 12 C,
Dg -  lo o se , a iry  storage at 12°C from the beginning.

The Lea number of l ip id s  extracted from in d u str ia l fa t  used for producing the experimental 
samples was 1 ,5^ 0 .36 , that of lip id s  extracted from non-frozen beef was 7»9^0'.42, while 
that of l ip id s  extracted from frozen stored beef was 12.0^3.83.
With each experimental treatm ent, changes taking place during storage were studied using 
20 samples per treatm ent. Frequency o f surface d isco lo ra tio n  was recorded d a ily  during 
storage.
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Model Experiments to_Oxidize_Meat Pigments_ bJJJ
To~investlgate~peroxide ox idation  o f pure meat pigment, we suspended a horse-heart myogl° 
preparation in  a so lu tio n  containing potassium hydrogen-sulphite as w ell NaN02 bo that t 
concentration o f the so lu tio n  was 0 .4  /umol/ml as regarda myoglobin while 0 .1  mg/ml as 
regards KaHO«. In so lu b le parts removed by f i l t r a t io n ,  the dark reddish-brown f i l t r a t e  /* 
so lu tio n  o f n itroso-m yoglobin/ was d istr ib u ted  in  to  cen trifu ge tubes tod treated by hea 
Two d iffe r e n t  heat treatments were applied: one at 70 C la s t in g  for 15 minutes and the 
other at 05°C la s t in g  for  the some period, then a fte r  coo lin g , the nitroso-myochromogcn 
p rec ip ita te s  were separated by cen tr ifu g e . The to ta l  haem pigment content o f n it r o s o -o y ^  
chromogen p r e c ip ita te s , and the nitroso-pigm ent content was determined by HORNSEY*s /19  
methods, by spectrophotometry.
We tr ied  to  ox id ize  nitroso-myochromogen p rec ip ita te  washed with d is t i l l e d  water with 
hydrogen peroxide a f te r  suspending i t  with 5 % NaCl so lu tio n  and to analyae the e « e o t  
n i t r i t e ,  cy ste in e  and ascorbic acid on the s t a b i l i t y  o f nitroso-pigm ent against o x id e«
Comparative t e s t s  were oarried out UBing the following Boheme:

-  pigment suspension containing 45 mg/1 o f sodium n i t r i t e ,
-  pigment suspension containing 45 mg/1 o f sodium n i t r i t e  and 3300 /umol/1 of 

o y ^ ’pigment suspension containing 45 mg/1 o f sodium n i t r i t e ,  and 427 mg/1 o f ascorbi
aCid, -  pigment suspension containing 45 mg/1 o f sodium n i t r i t e ,  3300  /umol/1 of c y a « 1* 
end 427 mg/1 of ascorbic a c id ,-  pigment suspension containing no free  n i t r i t e ,  cyste in e  or ascorbic acid .
Concentration o f H202 was 280 yuM in  the reaction  m ixtures. A fter treatment with  
peroxide determined the remaining concentration o f nitroso-pigm ent and to ta l pxgme 
measurable in  haematin w hile with q u a lita tiv e  t e s t s  we checked the presence o f free  
and su lfhydryl groups in  the suspending medium. ^
A fter separating the p rec ip ita te  received  by a heat treatment o f 15 min at 70°C, we 
p” L J  B2o“ L . « « .  o ,  pigment l e f t  over In the „ p a t e n t ,  To etndg the p ro»»  ^  
e f fe c t  o f  reducing m ateria ls , reaction  mixtures were supplemented by otuy na o 
cen tration  o f the same a d d it iv e s . In th is  case changes were followed up d ir e c t ly
recording the absorption sp ectra .
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Sgsultn
Por ea°h treatm ent, percentage frequency o f samples d isco lored  during seven doyo of 
Btorage> as w ell as the v iab le  c e l l  counts measured on Rogosa agar p la tes are shown in  

In oonformity with p ra ctica l experience a lso  the greening o f the experimental 
Baffiples was observed mainly around the pressed surface area in  forms o f sp ots. On the basisof greening frequ en cies, analysed by fa cto r  a n a ly s is , we estab lish ed  that ap p lication  of 
®°at stored in  frozen condition  as w ell as in su ff ic ie n t  smoking-cooking temperatures 
Predisposed the product to greening, e sp e c ia lly  i f  /tem p orarily / exposed to storage 

E ditions lead ing to  muggyness • The e f fe c t  o f these three factors contributing to green 
ecoloration  could be decreased su b sta n tia lly  by the addition  o f asoorbic acid . With 

ascorbic acid  containing samples where not a l l  of the production -  storage treatments were 
f a v o u r a b le  500 mg/kg asoorbic aoid prevented greening e n tir e ly . According to factor  
f l y s i e ,  a l l  four tech n o log ica l and storage factors had a s t a t i s t ic a l l y  s ig n ific a n t  e ffe c t  
uPon greening and, except for  the in te n s ity  o f  the heat treatments involved in  smoking and 
p ok in g , the remaining factors s ig n if ic a n t ly  influenced each others' e f fe c t :  there was an 

araction . Colony counts on Rogosa agar p la tes  did not show considerable d ifferen ces;  
^tcrobial contamination o f greened samples s im ila r ly  resembled that o f non-greened ones.

^ e  manganese-dioxide containing cu lture medium, none o f the oo lon ies indicated hydrogen 
P f x i d e  production.
®Bed on the changes o f in te n s ity  o f  free  sulfhydryl reac tio n , carried out on various parts

sausage samples, i t  could be sta ted  th a t, in  samples containing frozen meat, theOf
_ „ w ' - - - * -- *-- ---------- u -- --- ---- * --

°en tra tion  o f free  su lfhydryl groups decreased more rapidly than in  samples prepared of 
^®sh meat. Disappearance o f free  n i t r i t e  was accelerated  by keeping the Bausage samples at 
In C f °r  ^  hours at the beginning o f storage.

samples remaining red, surface parts in  d irec t contact with the skin gave free  sulfhydryl 
did 1011 sm aller or Sweater in te n s ity  even on the 7th day o f storage. Discolored surfaces 

°h no occasion give co lor  reactio n s in d ica tin g  presence o f  free  n i t r i t e  and free  su lf -  
groups.

^®°rding to  the r e s u lts  o f  analyses performed by HORHSEl’s method the quantity o f  to ta l 
1 Pigments p rec ip ita ted , a fte r  n i t r i t e  treatm ent, from horse heart myoglobin so lu tion  by 

j  “min treatment at 70°C was merely one third  o f the to ta l haem pigment content
c~P itating a f te r  a heat treatment o f 15 min at 85°C. But in  both ca ses , about 75 % of 

de haem pigment in  the separated p rec ip ita te  proved to  be n itroso  pigment. Figment
°°®Position experienced in  the course o f oxidation  by hydrogen peroxide, oarried out 

be 8UsPending the p r e c ip ita te s  in  a so lu tio n  containing n i t r i t e  and sodium ch loride,
in  the r a t io s  ind icated  in  F ig . 2 . These r a t io s  depended on the presence o f a n ti-  

n a t i v e  a d d it iv e s .
As
S i-
6*Pr,

Bhown
9 9  %

in  the f ig u r e , in  pigment suspensions not containing a n ti-o x id a tiv e  ad d itives  
®f the nitroso-myoehromogen was decomposed s im ila r ly , the to ta l pigment content, 

0  ̂ ®8Bed in  haems t in ,  o f  such suspensions was only about h a lf  o f  the to ta l pigment content 
e suspension not treated  with hydrogen peroxide.

O^  o f nitroso-myoehromogen p recip ita ted  by a 15-min heat treatment at 85 C resu lted
c°lourlesB  supernatan t,ind icatin g that the pigment was com pletely precipitated. A heat 

the 'D0nt ° f  7 °°c » on the other hand, resu lted  in  only p a rtia l p rec ip ita tio n  of
Ij, ^tgment, a f te r  the separation o f  which the supernatant remained reddish-brown in  co lor.
Mgm,^ e£ore, the hydrogen peroxide treatment was a lso  performed with th is  non-denatured

e° lu t io n . At the same tim e, the p ro tective  e f fe c t  o f  cyste in e  and ascorbic acid was 
Co-. °tudled . With the exception  o f Ho0 , the concentration o f ad d itiv es was h a lf  o f that in
^ « U o n  2experiments with pigment p r ec ip ita te s . As a r e s tâ t  o f  H202 treatment, the pink



co lor o f the samples containing reductive additlvea turned yellow , while the brown color ° 
the samples containing no reducing agont turned green. Absorption spectra reg istered  before 
and a fte r  oolor changes and oxidation  treatment are shown in  F ig .—
The absorption spectrum reg istered  before oxidation  indicated  nitroso-m yoglobin /WOLF et 
1970/. A fter ox id ation , the spectrum o f the pigment samples prepared by adding both oyste 
and ascorbic acid or containing only cyste in e  indicated haematin formation during the 
ox id ation . The spectrum o f the green sample containing no reducing agent d iffered  from 
spectra o f both nitroso-m yoglobin and haematin, and the spectrum o f the sample supplement 
only by ascorbic acid as an a n ti-ox id an t, was a lso  somewhat sim ilar to  the spectra of 
greenish  d isco lored  samples a fte r  hydrogen peroxide oxidation .

8.1

D iscussion  and Conclusions .Based on our experiments we can s ta te  that the in vestigated  d isco lora tion  o f meat prod 
i s  the consequence o f ox id ative  degradation o f the meat pigments probably as an e ffec  
peroxides /TARLAGDIS, 1961; 1962 /. We have not had so far  id e n t if ie d  the green pigmen . 
Based on data o f the relevant l i te r a tu r e , we have come to the conclusion that greening 
phenomenon that occurred during the model-experiment might be the re su lt  o f reactions  
connected with the formation o f ferryl-m yoglobin /GEORGE, 1952; GEORGE & IRVI^ '
KING & WIKFIELD, 1963; PEISACH et a l . ,  1968; GIDDINS * MARKAKIS, 1973/. According to o 
observations, the d isco lo ra tio n  in v estig a ted  by us and the assumed peroxides are not of 
m icrob io log ica l o r ig in  but probably the consequence o f autoxidation o f component, flfl
products. D isco loration  seems to  be promoted by the use o f frozen stored meat, P l ia b ly  
a consequence o f i t s  more advanced autoxidation s ta te , by in su ff ic ie n t  heat treatment in 
the course o f smoking and cooking as w ell as by the elevated  d elivery  and storage 
temperature. The str ip ed -sp o tty  d isco lora tion  in d ica tes  the inhomogeneous d istr ib u tio n  
meat product components d ec is iv e  from the point o f  view o f d isco lo ra tio n . in  ^
storage experiment d isco lo ra tio n  took place a fte r  pressing sausages tc each other or ^  
other o b jec ts , and around the pressed su rface, presumably i t  i s  somehow o o m ec ted a l 
fa t  and moisture m igration which might be the consequence o f pressure. I t  i s  ^  
from th is  a sp ect, too , that the water binding capacity o f frozen meat i s  very W «  
1978 /. Products w ith s ig n if ic a n t  redox-poising capacity are le s s  l ia b le  to  d isco lo  
in  th is  resp ect great s ig n ifica n ce  can be attr ib uted  to su lfbydryl groups and tc  
ad d ition  o f an an ti-o x id a n t, su itab ly  asoorbic ac id . ^  0{

Development and s ta b il is a t io n  o f  nitroso-pigm ents take place ^ i n i y  to  the ^  
meat products as a phase o f production. The importance o f cooking and that o f fre  
hydryl groups in  s ta b iliz in g  pigments o f cured meats was pointed out already y 
/1956/ and WATTS and a sso c ia te s  /1 9 5 5 /. P ossib ly , when producing meat products, the 
cen tra tion  I f  components with redox-poisjrg  cap acity , the extent o f denaturation and 
Z X Z n  o f  p r lte in , the s t a b i l i t y  or the oxidation  tendency o f p l a n t s  may b ^  
depending on raw-material con d itio n s, s a lt  concentration, in te n s ity  o f heat 
course o f production, e tc . op0

r l Z  . * » « . .  . . « •  « .oordio  .o ld .  p r o ,. .«  produo, o o lo r . 1« « . . .
i s  p resen t. . ue0*

^ x. that e f fe c t s  r e su ltin g  in  protein  dénaturation -  an gi

r . i r  : r .I” “r  “  .  oor.d „ . .«  oolor do, . 1 . 0  1 .  . « m . W  «to d d .r o ^ p l e .» « .  I»  pro ^
:r :.«io. . ^ * * , 1  ^ ... /“» **£ - 1̂  “d “
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Numerous other researchers, too,have eucessfully applied ascorbic acid to prevent oxidative 
rancidity and discoloration of raw meat /WATTS & LEHMAN, 1952; BAUERNFEIND et al., 1954; 
WATTS, 1954/. Application of ascorbic aoid 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 nltroBO-myoglobin. At the company mentioned in the Introduction of this study, 
application of ascorbic acid introduced upon experiences and resultB of our experiments 
Practically diminished the problem of disci.loration.
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fig. 1 Discoloration frequency and viable cell 
count /determined on Rogosa agar/ of 
experimental sausage samples after 7 day® 
of storage, as a function of production 
and storage conditions. Legend: columns 
represent percentage frequency of greened 
samples, • N marks viable cell count pen 
AA a ascorbic acid; low-temperature cooki®^ 
■ smoking up to 55°C, cooking up to a core 
temperature of 65°C; high-temperature

smoking up to 60°C, cooking upcooking
a core temperature of 70°C. Top diagram1 
storage at 12°C after keeping at 24°C f°r 
16 h until muggy. Bottom diagram: storflf®
at 12°C.
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fig. 2 Effect of cysteine and asoorbic acid d® 
the decomposition by H 202 of suspensi 
of nitroso-myocliromogen precipitatee 
formed from horse heart myoglobin in 6.. 
solution containing 5 % NaCl and 45 
NaNO,,. The figure illustrates pigment 
quantities measured after 90 min of 
shaking at room temperature in the

are280 yutl H202. Datapresence of
in percentage of the original pigment 
content of the suspension not contain"", 
additives and hydrogen peroxide. Col ^ 
in the upper diagram illustrate etab^ 
of pigment precipitated by a heat tr®fl 
ment of 15 min at 85°C, while those f 
the lower diagram show stability of 
pigment precipitated during 15 min of 
heat treatment at 75°C. Symbols • end 
mark scores for observed intensity 
free -N0? and free -SH color reaotio®^ 
performed after shaking the suspensi0 
AA o ascorbic acid; Cys = cysteine.



717 8.1

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 ^iM hydrogen peroxide and in 
the presenoe and absenoe, reap., of 
reducing additives.
AA n 213 mg/1 ascorbic acid;
Cys a 1650 ^uM cysteine.




