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en8? nltrlte la added to meat, it may react with many of the constituents, and the 
nvirorunent of the meat including such factors as concentration of reactants, pH and 
emperature influences the reactions. Obvious interest has centered on the reaction 

nl>:rite with the proteins of meat not only because numerous,-potential reaction 
lues are present but also because experimental studies with i5N labelled nitrite 

t?ve shown that a large proportion /20-50&/ of the label ad'ded is recoverable from 
ne meat proteins. We investigated the-reaction of nitrite with tryptophyl residues 

annProtein because is well known that tryptophan is easily nitrosated given pproprlate conditions of pH and concentration. On the basis of spectrophotometric 
who 8?ce* we found it difficult to nitrosate tryptophyl residues of myosin even uen the myosin was denatured and the reaction was conducted at low pH /3.0/. 
a? » which is soluble at low pH and high in tryptophan, nitrosated rather easily, cuitional work with model systems showed that nitrosated protein could transnitrosate receptor molecule such as myoglobin.

Aktionen von Nitrit im Fleisch 
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bedin* *taan Ijo Fleisch mit vielen Einzelkomponenten reagieren, wobei bestimmte Unwelt- flU8g|UQ6an wie Substratkonzentration, pH-Wert und Temperatur diese Reaktionen beein- 
den pl®' Cab besondere Interesse konzentriert sich nun auf die Reaktion von Nitrit mit 
gibt ^keinen im Fleisch, nicht nur weil es_ hier zahlreiche potentielle Bindungsstellen 
Blcv “°ndern weil auch Untersuchungen mit ■L-’N markiertem Nitrit gezeigt haben, dass 
tei» beträchtlicher Anteil der zugesetzten Menge, ca. 20-50SS, in den Fleischpro- 
Pr°tei wl®^arfiodet. Wir untersuchten die Reaktion von Nitrit mit tryptophanhaltigen 
**Ohsh ??sten> da bekannt ist, dass Tryptophan bei entsprechenden pH-und Konzentra- 
* ® * s u p h 8#llr leicht Nitrit bindet. Bei unseren spektrophotometrisohen Un- auejj j"Ungen fanden wir kaum eine Bindung von Nitrit an tryptophanhaltige Myosinreste, 
PB-u-8?11® nicht, wenn das Myosin denaturiert und die Reaktion bei sehr niedrigem 
^byptn J 3.0/ durchgeftlhrt wurde. Das bei niedrigen pH-Werten lösliche und sehr 
Ai>beitPilanre^0^e Lyeozym verbindet sich dagegen ziemlich leicht mit Nitrit. Weitere*an an Modellsystemen zeigen, dass an Protein gebundenes Nitrit auf ein Rezeptor- 

wie Myoglobin transferiert werden kann.
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REACTIONS DU NITRITE SUR LA VIANDE 
T. Ito, R. G. Cassena and M. L. Greaser
Laboratoire de biologie du muscle 
Université du Wisconsin

Le nitrite ajouté a la viande peut réagir avec beaucoup de ses composants, et 
l’environnement de la viande comprenant des facteurs comme la concentration des 
réactifs, le PH et la tempe'rature, contrôle les réactions. La réaction du nitrite 
avec les protéines de la viande a soulevé un intérêt indéniable à cause des nombreux 
sites potentiels de réaction mais aussi parce que des expériences avec le ^N-nitrite 
ont montré qu’une forte proportion /20 a 50%/ de la radioactivité ajoutée est 
récupérable des protéines de la viande. Nous avons examiné la réaction du nitrite 
avec les résidus tryptophyles des protéines car il est bien connu que le tryptophane 
est facilement nltrosé dans des conditions appropriées de pH et de concentration.
Base sur l’expérience speçtrophotométrique, il était difficile de nitroser les résidus 
tryptophyles de^myosine meme quand la myosine était dénaturalisée et quand la réaction 
était produite a un bas PH/3./, La lysosyme, qui est en solution a bas PH et forte en 
tryptophane,va été nitrosé assez facilement. Des études supplémentaires avec des 
systèmes modales ont montré que des protéines nitrosées peuvent transnitroser une 
molécule réceptrice telle que la myoglobine.

PeaKÜHH HHTPHT8 B MHce
T.HTO, P.r.KACCEHC H M.JLPPMCEP

flaôopaiopHH MycKyjiHCTOfl ô n cu io ra ii, yHHBepcmeT BacKOHciiHa.
Koma HHipm npHÖaBJIH0TCH K MHCy* OH MOKer peerHpOBSTB 00 MHOrHMH C0CT8BHHMH qaCTHtf0 
H ORpysanmaa o6ct8hobk8, BKJnoqan Tairae $aKTopn kbk KOHaeHTpamiB peareHTOB, pH a tb**" 
nepaiypy, OKasuBaioT BJMHHHe hb peanuHH» OqeBHSHuH HHiepec cocpenoToveH Ha peaKHM» 
HHipma c Ôe^Kaira «nca He tohbko noTOMy, nto hbhhbtch liHoroqHaneHHne uecionojioxew/tf A 
peaKUHH, a h noiOMy* nto onuTHHe nccjiesoB8HHH ueqeHHHu hhtphtom ho kssajim« 1110
BHC0K8H nponopmiH (  2 0 -5 0 ^  ) ueveHHoro bo8ii0Ctmm8 h c ÖejiKOM siHca. Mh HCCJieaoBajiH Pe"  
8KHHH) HHTpHTa C TpHIITO$HJIBHHMH OCaflKaMH ÖeJlK8 T8K K8K HSB0CTHO, NTO TpnnT0$aH neT& 
HHrpH3HpOB8H, Æ8HHH8 nOflXOflHmie yCJIOBHH pH H K0HH8HTp8HHH, Ha C0H0B8HHH Cn6KTp0$0T0' 
M0TPHH0CKHX JH8HHHX, HaM TpyflHO ÖHJIQ HHTpH8HpOB8TB TpHIIT 0$H JIBHH8 008,5X0 UH08HH8 Aag6 
Koraa U0O8HH öHji aeHaiypHpoBaH h peaKRHH öHJia npoBeaeHa Ha hmskom pH (/,0). 
kotophH paciBopau npa hhbkom pH h bhcokhA Tpnnio$aHOM, ôhji aobojibho JierKO hmtpmsmp0® 
ÆonojiHHTenBH8H paÔOTa m o s0Jibhhmh c m ct0m8mm noicasajia, nto HHipHSHpoBaHHutl ôeJioK tfOr 
peHHTpasHpoBaTB npaetiHyB MOJieKyjiy ksk MHorjioôHH.
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^ T ^ S I T S n o v m  that some of the nitrite added to meat for the purpose of curing becomes unavailable when 
»halyzed for by”current analytical methods. The amount detected is called residual nitrite ^  t ^
tesidual nitrite in a given cured meat depends on the composition and type of product as well as on the proce 

used for ^hing i? In general, more than 50» of the added nitrite is lost from ^tect on and in many 
Ca3®s, residual nitrite is very low, being in the range of 5-15 ppm at the time the product is offer, 
sale.

C°hcern about nitrite as a meat curing agent has arisen because of the possibility for formation of nitrosa- 
'"ihes in cured meat Also the residual nitrite in cured meat when consumed by humans may react in the gastri 
^ i r o n ^ r  ¿ e s S  effort in the area has been directed at ^lytica! detection of n t= in..= and
9t’«y of their toxicology especially at low dose levels. Assessment has also been made oE the contributi 
0ured meat to total intake of nitrite and found to be low (<20%). Tannenbaum et al. (1978) have suggested 
recently that endogenous nitrification occurs in humans.

though nitrite is known to be an extremely reactive chemical only few attempts have been made to study
lta fate in a meat system (Sebranek et al., 1973; Olsman, 1974, U H M  et al., 1976 , Frourn,

_____ f a e c o n c  of* al . (1977) that Z^ ^ U c U i r L ^ t ' l “  o t the * cone lusion of’casseAs et al. (1977, that 25-40% of the nitrite 
^  toTea f ^ n  S T ^ l '  curing procedure becomes in some way associated with ^ n ^ n - h e m e  proteins to 
a^Ucidate and quantitate the reaction products formed. Mot only the compiexity of the meat^ystem^t^ 
hanging reaction environment during processing, storage and preparation pre 9 emphasis on a dis-
^Uution of realistic and reliable information. A review of the chemistry of ni“ , with ^Phasrs 
°Uasion Of reaction mechanisms in a meat environment has been written recently (Cassens et al., 1 •

** «Mention is limited to reactions of nitrite with protein then
tiea! however, quantitation of reaction products in cured meats is lacking. Nitrite may reac

(Van slyk’ reaction, to liberate N and also with the amide linkage, ^ u g h  sluggishly, ^ 0  form ^  
*trosamide (Bonnett and Holleyhead, 197?). Nitrosothiols are fo™« 1 9 5 9 • Kubberdd et al., 1974). It
h^far ups' and this has r n dr ^ % “ 97“r t h  r r t r “ e s r a s  £ ; ; P of u * « .J*s also been established (Kurosky and Hofmann, 1972) that nitrite 
he ring nitrogen of tryptophan and tyrosine (C-nitrosation).

£  f°rmation of M-nitrosotryptophan from tryptophan and nitrite reacted under
a^umented (Knrosky and Hofmann, 1972, Bonnett and Holleyhead, 1 9 7 4 , “ i u u ” [ work by Makai 
£  model systems used that the con-
ltiohs for the reaction to occur in cured meat were unfavorable.

OI th. M.  r a w  5 :
3econdary objective was to obtain information about transnitrosation. 
e ^ r k  has been published (Ito et al,, 1979).

^ ^ £ ials and Methods
£  t o t e m s  used « r e  myosin, lysozyme and myoglobin. Myosin - ^ - ^ f r ^ ^ k e ^ m u s c l e  of rabbit 
^hhss et al., 1969) and lysozyme and myoglobin were purchased gma

f e e r a l .  experiments were conducted by mixing ^ « e r e d  protein and
to . ior details) . Protein was prepared for ” “ tion by dialyzin^i^av^ ^  J de with a cary 118 spectro- 
ch ^^ilibrate it to a given pH and concentration of buffe . reactions were carried out with
Photometer, and a double cell system was employed in some cases^ S™ '  f ‘" “ 'anidine - HC1 by dis-
S s ? *  - » * “ » “ » . . .  i t s r :  s r i ’s s i . .Vin9 the protein in the denaturing solution and then dialyzing 9

r « “ " ' : ; r « " ■
hitr Separating the nitrosated protein from the reaction ^  ^  wag the/heated at 75-C for 30 minutes,
cooi°Satea Protein was incubated with myoglobin. The reaction mi (essentially the procedure of

1« ice, extracted with acetone and absorbance was measured at 540 nm (esse
0rns*Y, 1956).
®̂S\llf— and Discussions

^ « t o u s attempts were made to nitrosate myosin and measure “^"eithernativro/denatured
hioi?0reased absorbance at 330 nm. Unequivocal evidence was not o b ^ i n ^  with^ ^  ^  pH 3 Q increased

(1.3 to 2.0 mg/ml) at pH 6.0 and a nitrite concentration of 10 mM ^ nitrite concentration was
SOrPtion at 330 nm was obtained but it was not clearly evident as a peak.
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increased to 0.1 M, then obvious changes in the protein occurred (Figure 2). A new peak at 35.1.3 - 355 
appeared and it was probably due to nitrosation of tyrosyl residues (Kurosky and Hofmann, 1972).

Lysozyme was studied because, in contrast to myosin, it is soluble at low pH and has a much higher content of 
tryptophan. Clear evidence for nitrosation of tryptophyl residues in lysozyme was obtained as detected by 
appearance of a characteristic peak at 330 nm (Figure 3) . The reaction was pH dependent, increasing as the pH 
decreased in the range 6 to 3, and as shown in Figure 3, heating also promoted the reaction.

It was found that nitrosated lysozyme, separated from the reaction mixture, decomposed spontaneously as 
measured by decreasing absorption at 330 nm over a 24 hour period. The decomposition was pH dependent with a
loss of about 60% of the original 330 nm absorption occurring in 24 hours at pH 2.8. The loss was less at
higher pH. We determined that the protein fraction, following gel filtration, contained bound nitrite which 
could be transferred to myoglobin.

Our work was undertaken because the nitrite reacted with or bound to non-heme proteins in cured meats repre
sents unknown and non-quantitated compounds, and also may represent a pool of nitrosating ability. Both of
these factors have implications in regard to cured meat and therefore information must be obtained on them be '
fore the question regarding continued use of nitrite is resolved.

Proteins have numerous sites which may react with nitrite provided conditions are appropriate. We studied 
nitrosation of the tryptophyl residue (reaction at the indolic nitrogen); with myosin, we did not observe 
nitrosation to take place unless extreme conditions were employed but with lysozyme clear evidence for nitro
sation was obtained, at least with the spectrophotometric methods used. The chemistry of transnitrosation is 
known (Challis and Osborne, 1973; Buglass et al., 1975), and our preliminary results in a simple system of 
nitrosated lysozyme and myoglobin confirmed it can occur. The results must be extended to meat systems bef°iC 
the significance can be assessed.
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of Figures

figure 1. Difference spectrum of reaction mixture containing myosin and sodium nitrite versus dialyzing solu- 
tion. The reaction of myosin (2mg/ml) with sodium nitrite (lOmM) was made in 0.5M NaCl, lOmM 
phosphate (pH 6.0) by dialyzing the reaction mixture against 100 vol of 0.5M sodium chloride, 
lOmM NaNO and lOmM phosphate (pH 6.0) at 23 + 2°C for 24 hr. The inset shows a difference spectrum 
of the reaction mixture between myosin and sodium nitrite by using a double cell system.

Pi9Ure 2. Difference spectrum of reaction mixture containing myosin and high concentration of sodium nitrite 
versus dialyzing solution in the presence of SDS. The reaction of myosin (1.5mg/ml) with 3odium 
nitrite (0.1M) was made in 1% SDS and 20mM phosphate - lOmM citric acid (pH 6.0) at 23 + 2°C for 
24 hr. by dialyzing the reaction mixture agrinst 100 vol. of 0.1M sodium nitrite, 1% SDS and 20mM 
phosphate —  lOmM citrate (pH 6.0).

3. Time-dependent effect of heating on reaction of lysozyme with sodium nitrite at pH 3. The reaction 
of lysozyme (0.37mg/ml) with sodium nitrite (lOmM) was made in 0.2M phosphate-0.1M citric acid (pH 3) 
at 70°C by incubating the reaction mixture in a water-bath for 5, 30 or 60 minutes. After heating, 
the mixtures were cooled in ice and then let stand at 23 + 2°C until measurement. Difference spectra 
of the mixtures were obtained 3 hr after the mixing of lysozyme and sodium nitrite.
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