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REACTIONS OF NITRITE IN MEAT

1. ITO0, R. G. CASSENS AND M. L. GREASER
Musecle Biology Laboratory
Univeraity of Wisconsin

When nitrite is added to meat, 1t may react with many of the constituents, and the
Snvironment of the meat including such factors as concentration of reactants, pH and
Smperature influences the reactions. Obvious interest has centered on the reaction

Of nitrite with the proteins of meat not only because numerouispotential reaction
Sites are present but also because experimental studies with N labelled nitrite

have shown that a large proportion /20-50%/ of the label added is recoverable from

the meat proteins. We investigated the.reaction of nitrite with tryptophyl residues
of protein because it is well known that tryptophan is easily nitrosated given
8ppropriate conditions of pH and concentration. On the basis of spectrophotometric
Svidence, we found it difficult to nitrosate tryptophyl residues of myosin even

*hen the myosin was denatured and the reaction was conducted at low pH /3.0/.
Ly9°ZYme, which is soluble at low pH and high in tryptophan, nitrosated rather easily.

Additional work with model systems showed that nitrosated protein could transnitrosate
8 receptor molecule suckh as myoglobin.

Reakt1°nen von Nitrit im Fleisch
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N
h:gfit kann im Fleisch mit vielen Einzelkomponenten reagieren, wobei bestimmte Unwelt-

Py 8ungen wie Substratkonzentration, pH-Wert und Temperatur diese Reaktionen beein-
danss°n~ Das besondere Interesse konzentriert sich nun auf die Reaktion von Nitrit mit
8ibt Toteinen im Fleisch, nicht nur weil egs hier zahlreiche potentielle Bindungsstellen
8ich Sondern weil auch Untersuchungen mit N markiertem Nitrit geszeigt haben, dass

Yein ein betriéchtlicher Anteil der gzugesetzten Menge, ca. 20-50%, in den Fleischpro=-
Proten wiederfindet. Wir untersuchten die Reaktion von Nitrit mit tryptophanhaltigen

tio, einresten, da bekannt ist, dass Tryptophan bel entsprechenden pH~und Konzentra-

Y ebedingungen sehr leicht Nitrit bindet. Bei unseren spektrophotometrischen Un~
ay, Uhungen fanden wir kaum eine Bindung von Nitrit an tryptophanhaltige Myosinreste,
PR~y dann nicht, wenn das Myosin denaturiert und die Reaktion bei sehr niedrigem

try grt /3.0/ durchgefiihrt wurde. Das bei niedrigen pH-Werten 18sliche und sehr

Arhp Ophanreiche Lysozym verbindet sich dagegen giemlich leicht mit Nitrit. Weitere
o)

:tt°n an Modellsystemen zeigen, dass an Protein gebundenes Nitrit auf ein Rezeptor-
Ul wie Myoglobin transferiert werden kann.
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RéACTIONS DU NITRITE SUR LA VIANDE
T. Ito, R. G. Cassens and M, L, Greaser

Laboratoire de biologie du muscle
Universite du Wisconsin

Le nitrite ajouté a la viande peut réagir avec beaucoup de ses composants, et
1’environnement de la viande comprenant des facteurs comme la concentration des
réactifs, le PH et la températurs, contréle les réactions. La réaction du nitrite
avec les protéines de la viande a soulevé un intérét indéniable & cause dei nombreux
sites potentiels de réaction mais aussi parce que des expériences avec le SN-nitrite
ont moniré qu’une forte proportion /20 a 50%/ de la radioactivité ajoutée est
récuperable des protéines de la viande. Nous avons examiné la méaction du nitrite

avec les résidus tryptophyles des protéines car il est bien connu que le tryptophane
est facilement nitrosé dens des conditions appropriées de pH et de concentration.

Base sur 1’expérience spectrophotom§trique, il était difficile de nitroser les résidup
tryptophyles de myosine meme quand la myosine était dénaturalisdée et quand la rdaction
était produite & un bas PH/3./. La lysosyme, qui est en solution & bas PH et forte en
trypfophane, & ét6 nitrosé assez facilement. Des études supplémentaires avec des
systémes modéles ont montré que des protéines nitrosées peuvent transnitroser une
molécule réceptrice telle que la myoglobine. v

Peargnmy HNTPUTAE B MAcEe

T.UTOy P.I'-KACCEHC » M.,JI.ITPUCEP

JlaGoparopusi MyckyamucTo#t Guonornw, YEWBEpcHTET BHCKOHCHEHA.

Korza HATDHT NpHOABAASTCA K MACYyy, OH MOXET peA IMPOBATEH GO MHOTAMA COCTABHHMA gacTAMI
M OKpy®anmas 0GCTAHOBKA, BKINYAA TAKME JAKTODH KAK KOHNGHTDALWD DEAreHToB, PH W TO¥
neparypy, OKABHBANT BIWAHME HA DPOAKONA. OUGBHAHHI WHTEDPEC COCPEAOTOYSH HA pPEARIUD
HUTPHTE C GONKAMA MSCA He TONBKO MOTOMY, 4TO0 ABAADTCA MHOI0YWGNEHHHE MECTONOJNOREHAA A
PE8KINHA, 8 ¥ NOTOMys YT0 ONHTHHE HCCNEZO0BAHMA MEUGHHHM o8 HATPUTOM IOKaB8JH, g0
Bucoxasa mpomopnuA ( 20<50% ) MeweHHOTO BOSMECTMMAA ¢ CeNKOM MfAca. My Mccmezomand PO
8KOWD HETDUTA C TPUNTODUABHHMM OCAAKAMY GENKa TAK KAK MBBECTHO, YTO0 TpAnrofan nerkld
HATPUSHPOBAH, ZAHHHE MOAXOZAMME yCHOBMs PH M KOHIOEHTpaUWW, Ha cOHOBaHAN cnexrpodoro”
MOTDWUBCKAX ZAHHHX, HAM TPYZHO OHJO HATPMSWPOBATE TPUNTOPANIBHHE OCA&ZKH MUOBWHE naxeé
KOI'Z& MUOSHH GHN ZEHATYDWMPOBEH W DO&KIMA OHIA npoBezeHa Ha HuskoM PH (/,0). ﬂmu03““5$
KOTOpH# pacrBOpMM Npy HMBKOM PH m BHCORMH TpunrofaHOM, OHAX ZAOBONBHO JEI'KO HMTpMB"pOB
JlononHYTENBHAR PAGOTA MOZGNBHHMM CHCTEMAMY NOKASA8NA, YTO HWTPUSMDOBAHHHA Genox MOT
PEHWTDHBSHPOBATE NPHOMHYD MONBKYAYy K&K MUAOTIOCHH,
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BSESEigﬂS of nitrite in meat
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Itroduction

T well known that some of the nitrite added to meat for the purpose of curing becomes unavailable when
3nalyzeq for by current analytical methods. The amount detected is called residual nitrite. The amount of
*esidual nitrite in a given cured meat depends on the composition and type of product as well as on the proce-

ure useq for making it. In general, more than 50% of the added nitrite is lost from detection, and in many
::ies' residual nitrite is very low, being in the range of 5-15 ppm at the time the product is offered for

e,

Concern about nitrite as a meat curing agent has arisen because of the possibility for formation of nitrosa-
Mines in cured meat. Also, the residual nitrite in cured meat when consumed by humans may react in the gastric
envit°"ment. Most research effort in the area has been directed at analytical detection of nitrosamines and
Study of their toxicology especially at low dose levels. Assessment has also been made of the contribution of
Sureq meat to total intake of nitrite and found to be low (<20%). Tannenbaum et al. (1978) have suggested
fecently that endogenous nitrification occurs in humans.

?ze" though nitrite is known to be an extremely reactive chemical, only few attempts have begn made to study
Ses fate in a meat system (Sebranek et al., 1973; Olsman, 1974; Emi-Miwa et al., 1976 ; Frouin, 1977). It
adEms especially important, in view of the conclusion of Cassens et al. (1977) that 25-40% of the ?Ltrite
e1de§ to meat in the usual curing procedure becomes in some way associated with the non-heme proteins, to
Cidate and quantitate the reaction products formed. Not only the complexity of the meat system but also the
() ANging reaction environment during processing, storage and preparation present genuine roadbloc*s to pro-
‘uction of realistic and reliable information. A review of the chemistry of nitrite, with emphasis on a dis-
ussion of reaction mechanisms in a meat environment has been written recently (Cassens et al., 1979) .

= attention is limited to reactions of nitrite with protein, then the literature reveals several possibili-.
®8; however, quantitation of reaction products in cured meats is lacking. Nitrite may react with the a-amino

:§°up (van Slyke reaction) to liberate N and also with the amide linkage, although sluggishly, to form a

- Tosamide (Bonnett and Holleyhead, 1973). Nitrosothiols are formed from the reaction of nitrite with sulfhy-
vl groups, and this has been documented in cured meat (Mirna and Hofmann, 1969; Kubbergd et al., 1974). .It
S also been established (Kurosky and Hofmann, 1972) that nitrite can react with the §-amino group of lysine,
€ ring nitrogen of tryptophan and tyrosine (C-nitrosation).

b formation of N-nitrosotryptophan from tryptophan and nitrite reacted under appropriate conditions is well
igeumented (Kurosky and Hofmann, 1972; Bonnett and Holleyhead, 1974; Brown and Stevens,.l975), and a charécter—
Ettic absorption peak at 330 nm is formed thereby providing a possibility for quantitation, Work by N:iax

a4 al. (1978) confirmed the above reports, and the authors suggested from the model systems used that the con-

Ons for the reaction to occur in cured meat were unfavorable.

® objective of the present work was to investigate the nitrosation of tryptophyl residues in a meat protein.
thBecOndarY objective was to obtain information about transnitrosation. A detailed account of some aspects of
® Work has been published (Ito et al., 1979).
Matey,
terials and Methods
?:: Proteing used were myosin, lysozyme and myoglobin. Myosin was prepared fr?m skeletal muscle of rabbit
88 et al., 1969) and lysozyme and myoglobin were purchased from Sigma Chemical Company .
i; general' experiments were conducted by mixing buffered protein and buffered nitrite solutions (see Ito et al.,
tg79 for detajls). Protein was prepared for reaction by dialyzing it overnight aga;ns? 100 volumeseof buiier
bh eq“ilibrate it to a given pH and concentration of buffer. Measurements were made with ? cary 11. spectro
de°t0meter, and a double cell system was employed in some cases. some reactions were CatFl?d out with ™
so:aFured protein; denaturation was accomplished with sodium dodecylsulfate, urea oxr quanxd?ne - HC1l by dis
Ving the protein in the denaturing solution and then dialyzing it against the same solution.

i;:ntransnitrosation experiments, nitrosated lysozyme was prepared by incubatinghlt wi;: :Zgzzmcfigrlt;hznd
Nity Separating the nitrosated protein from the reaction mifture.by chrcmatography an ai SEas sie 50 o
°°°lcsated protein was incubated with myoglobin. The reaction mixture was then ea.ell e &
Horned in jce, extracted with acetone and absorbance was measured at 540 nm (essentially p:

Sey, 1956).

Reg
Wlts ang Discussions

v i s ion of nitrosated tryptophyl residues
b Toug attempts were made to nitrosate myosin and measure the produ;tlon R i o S
Ryo, NCreased absorbance at 330 nm. Unequivocal evidence was not obtained with el b

Sin (1.3 to 2.0 mg/ml) at pH 6.0 and a nitrite concentration of 10 mM (see quurg 'é B iah
*Ption at 330 nm was obtained but it was not clearly evident as a peak. when nitrite conce

At pH 3.0 increased
abgq
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increased to 0.1 M, then obvious changes in the protein occurred (Figure 2). A new peak at 353.3 - 355 nm
appeared and it was probably due to nitrosation of tyrosyl residues (Kurosky and Hofmann, 1972).

zyme was studied because, in contrast to myosin, it is soluble at low pH and has a much higher content of
ptophan. Clear evidence for nitrosation of tryptophyl residues in lysozyme was obtained as deteccted by

e of a characteristic peak at 330 nm (Figure 3). The reaction was pH dependent, increasing as the pH
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
measur by decreasing absorption at 330 nm over a 24 hour period. The decomposition was pH dependent with &
lo 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

E ors have implications in regard to cured meat and therefore information must be obtained on them b€~
question regarding continued use of nitrite is resolved.

C

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~
s obtained, at least with the spectrophotometric methods used. The chemistry of transnitrosation i8S
lis 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 befor®
the significance can be assessed.
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Figure 1.

Figure 2,

Figure 3.

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, 10mM
phosphate (pH 6.0) by dialyzing the reaction mixture against 100 vol of 0.5M sodium chloride,

10mM NaNO. and 10mM phosphate (pH 6.0) at 23 + 2°C for 24 hr. The inset shows a difference spectrum
of the redction mixture between myosin and sodium nitrite by using a double cell system.

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 sodium
nitrite (0.1M) was made in 1% SDS and 20mM phosphate - 10mM citric acid (pH 6.0) at 23 + 2°C for
24 hr. by dialyzing the reaction mixture agcinst 100 vol. of 0.1M sodium nitrite, 1% SDS and 20mM
phosphate -- 10mM citrate (pH 6.0).

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 (10mM) 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 lygozyme and sodium nitrite.
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