
38 «

NITRITES AND NI TROSAMINES IN PROCESSED MEATS
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Ten years  ago the word n itrosamlnes  meant l i t t l e  or noth ing to us employed i n - 

the meat industry or in meat research groups a s soc ia te d  with  government or  u n iv e f - 

s i t i e s .  Today, n i trosamines  is  a household term; n i t rosamines  represent the cent1”3 

i s sue  o f  a problem that i s  (has been) the most c r i t i c a l  ever faced by the industry- 

The industry  I speak o f  is  enormous. In the U.S.A. the product ion  o f  cured 

meats was valued at 8 b i l l i o n  d o l l a r s  in 1972. A f i g u r e  e a s ie r  to remember though 

in regard to the quest ion  about us ing  n i t r i t e  fo r  meat cu r in g ,  i s  that  about 70% ° f 

our pork product ion i s  cured.

Curing i s  not a modeln techno log ica l  invent ion  but rather i s  a process  s te e p s  

in t r a d i t i o n  and traceab le  to e a r l i e s t  h i s t o r y .  Curing is  defined g e n e r a l l y  as th3 

ti eatmen o f  meat with s a l t ,  n i t r i t e  and/or  n i t r a t e  and p o s s i b l y  other ingredients  

such as sugar,  s p ice s ,  phosphates and asco rba tes .  The purpose is  for preservat ion  

and f l a v o r i n g ,  and cured meat i s  e a s i l y  recognized by the char a c t e r i s t i c  p ink,  hen*' 

s t a b le  co lor .
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Nitrosamines  are a broad c l a s s  o f  compounds formed from the .e ac t io n  o f  n i t r ^  

vy i t h secondary amines. In view of  the widespread p u b l i c i t y  about n i t r i t e  and n i t 1"3 

sa.ni nes you a l l  recognize the potent ia l  areas o f  concern. F i r s t ,  that n i trosami  

may be foimed in the cured meat s ince  there are amines present and n i t r i t e  i s  a d d ^

'Research supported by the Co l lege  o f  A g r i c u l t u r a l  and L i f e  Sc iences ,  U n i v e r s i t y  ° f 
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const i tuent  o f  the cur ing  formulat ion .  Second, that  cured meats represent a 

Ce of res idua l  n i t r i t e  which when consumed by humans may react  in the g a s t r i c  

r°nment with ingested amines to form n i t rosamines.

The hazard o f  n i trosamines  has been known fo r  about 20 years .  D imethy ln it rosamine  

ari extremely potent carc inogen and over 65 d i f f e r e n t  ni trosamines have been shown 

carc inogen ic .  A n a ly s i s  o f  food products for  n i t ro samines  was undertaken in

: 1

lQte 19601s and e a r ly  1970's.  Some p o s i t i v e  r e s u l t s  fo r  cured meats were pub- 

Ŝ6ch I need say l i t t l e  more about h i s t o r i c a l  aspects  from that  time onward.

There i s  no doubt about the danger o f  ce r ta in  n i t r o s o  compounds. The problem is  

°ne o f  e s t a b l i s h i n g  the danger o f  n i t rosamines  but rather i t  i s  one o f  r e l a t i n g  

°sam ines to food hazards.  The problem is  a very complex one because o f  extremely  

Cc,n c e n t r a t io n s , a long laborous  procedure for  a n a l y s i s ,  d i f fe re n c e s  in t o x i c i t y ,  

need to e s t a b l i s h  a r i s k - b e n e f i t  r a t i o  for  n i t ro samine  p recursors  such as

r<te .

There are questions still to be answered, but I'm pleased to cell you that much

^ U1 d i l i g e n t  research,  designed to e s t a b l i s h  b a s ic  p r i n c i p l e s  has a l ready  been 
L.

eted. Such w i l l  be the top ic  o f  the papers contained throughout todays s e s s io n  

W r i t e s  and n i t rosamines  in processed meats, 

hy o b je c t i v e  is  to d i s c u s s  the two papers submitted under s e s s io n  E e n t i t l e d  

Cq1 A sp ec t s " .  I am fo r tunate  because the 2 papers in th i s  s e s s io n  represent  

Qual i ty  and timely work. A c le a r  po in t  i s  made by each and I be l ie v e  I can

(H.
' I C;

*t,e th i s  in format ion  to some per t inen t  work in the U.S.A.  which w i l l ,  I hope, be 

M eres t  to you. F i n a l l y  as time permits I w i l l  p resent  some work conducted in 

M o r a t o r y .  I t  may re la te  more to Mr. R a n k in ' s  s e s s io n  but I would l i k e  to make 

l i a b l e  for  d i s c u s s i o n .

ê t us turn our a t te n t io n  then to the paper e n t i t l e d  "Some Chemical S tu d ie s  on 

1 trosamine Problem With Respect to Bacon P roduct ion "  by Pat te rson  and Mottram

*v,

the B r i t i s h  Meat Research I n s t i t u t e .  Th is  paper attempts  to answer 2 very impor-
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tant quest ions .  F i r s t , the amount o f  n i t r i t e  added in cur ing  i s  known but since 

the second required component for  format ion o f  n i t ro samines  i s  amines, then which 

amines are present in meat and in what q u a n t i t i e s .  Second, a most f r u s t r a t i n g  

problem has been the observa t ion  that  raw bacon does not conta in  n i t ro sam ines  but 

a f t e r  cooking su b s t a n t i a l  q u a n t i t i e s  o f  n i t rosamines  -  s p e c i f i c a l l y  n i t ro sop y r ro '

1 i di ne - are present.

The authors analyzed for endogenous amines in 10 ca rcas ses  a t  ( 1 ) w i th in  1 hr 

p o s t - s l a u g h t e r ,  (2) a f t e r  76 hrs o f  commercial c h i l l ,  (3) f o l l o w in g  cu r in g  and 

maturat ion and {k)  f o l low in g  vacuum s to rage  for a number o f  days. Methy1arnine, 

dimethyl amine, t r im ethy 1 amine, ethy lamine,  d iethy lamine,  n-propylamine and i s o 

propylamine were detected in the fresh  meat. The concentra t ions  detected ranged 

10 to 1900 mg/kg. 1 be l ieve  i t  is  o f  p a r t i c u l a r  i n te r e s t  to see the cont inua l  in 

crease in dimethylamine from time o f  s laugh te r  through to the end o f  s to rage .  A 

general conc lus ion  was that  the le v e l s  o f  amine detected were not s u f f i c i e n t  to * 

s u i t  in the formation o f  detectab le  le ve l s  o f 'n i t r o s a m in e .  This  con c lu s ion  was 

out by the fac t  that  the same samples were ana lyzed for  steam v o l a t i l e  n i trosam  

and no p o s i t i v e  conf i rmat ions  made.

I w i l l  now comment b r i e f l y  on some work from t.ie U.S.A. and c o n t ra s t  i t  wi th

forego ing  r e s u l t s .  This  i s  work o f  L a k r i t z ,  S p i n e l l i  and Wasserman o f  the U . S . D >

lias tern Reg ional Lab ( L a k r i t z .  et a C  1973) and concerns th e i r  de term ina t ion  o f

amines in fresh  and processed pork. They ana lyzed f re sh ,  cooked and p u t r i f i e d  i»ea‘

for  spermine, spermidine,  pu tre sc ine ,  cadaver ine,  h is tamine,  tyramine,  tryptamii’®

and ethanolamine. Concentrations found ranged from 0.5 mg/100 g for tyramine to |8

mg/IOOg for  pu tre sc ine .  S i g n i f i c a n t  increases  in spermine, spermidine,  pu t re sc in6

and cadaver ine occurred dur ing p u t re fa c t io n .  Cooking a t  7I°C decreased the conce’1'

t r a t io n  o f  amines. In f re sh  and processed pork b e l l i e s  the concentra t ion  per 1°M

of tissue ranged from 0 . 0 3 mq for cadaveririp m  R i no my iui uducivenne to o.i mg for spermine. Processing

not s i g n i f i c a n t l y  a l t e r  the le v e l s  o f  the free amines.
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The second par t  o f  the work by Patte rson  and Mottram was conducted more as a lab

'ato
rY model experiment but produced some in t e r e s t i n g  r e s u l t s  about the convers ion

9|ni ties to n it rosamines  under s imula ted manufacturing c o n d i t i o n s .  Moreover the

' a scorbate  in reducing the format ion o f  n i t ro samines  was considered.  High

er|tra t ions  o f  dimethylami ne were introduced into pork s l i c e s  or  pork midd les ,  in 

to insure  a measurable react ion ,  and cur ing  was conducted a t  va ry ing  pH 's  and

V,ent ' a t i o n s  o f  a s c o rb i c  ac id .  The pork s l i c e s  were subsequent ly  heated to 90°C

hou r and the rashers  were f r i e d  to a f i n a l  temperature o f  140°C. Three f i n d -

'9 s
v,,ere forthcoming. F i r s t , cooking increased the concentra t ions  o f  dimethylami ne

*h|
9h concentrat ions  o f  dimethy1 amine were always found in the f r i e d  bacon. Con-

,s 1
rQtions o f  n i trosamine in the f a t t y  po r t ion  were more v a r i a b le  and h igher  than in 

ei)r>. Second, the use o f  ascorbate  suppressed the format ion o f  n i t ro sam ines .

and o f  most i n te r e s t  to me was the f i g u r e  generated by the authors  for  conver-

of
secondary amine to n itrosamine in the absence o f  a scorba te .  The suggested

V  r_ •
s , °n is  0. 1% meaning that an extremely smal l  amount o f  amine is  converted to

' a™ine. |n fa c t ,  with the f i g u r e s  g iven for endogenous amine in the f i r s t  part  

Paper the 0.1% convers ion  would not produce a de tectab le  amount o f  n i t rosamine

To summarize the f i n d in g s  o f  t h i s  paper I would say that  endogenous amines are

't
in pork muscle, but the concentrat ion  i s  not s u f f i c i e n t l y  high to produce

ctable n i t rosamines  in the cured f i n i s h e d  product.  Ascorbate  suppress  the f o r -  

t}Qri

tion.

°f  n it rosamines  and heat ing ( p a r t i c u l a r l y  f r y in g  o f  bacon) promotes th e i r  f o r -

e 'Ore I proceed now to the next paper ! want to comment b r i e f l y  on 2 o ther  con-  

t- °ns. F i r s t ,  i s  some very recent work by F idd le r  ejt aj[. (197^) which was 

^ d  at the recent I FT meeting. I t  i s  about the format ion o f  ni t ro sop ro l  i ne in

°^d
lc0r,

%

bacon and i t s  p o s s i b l e  ro le  as a p recursor  to n i t r o s o p y r r o l i d i n e  in cooked 

The p o s s i b i l i t i e s  for format ion o f  n i t r o s o p y r r o l i d i n e  are ( 1 ) from the n i t r o -  

°f p y r r o l i d i n e  which had re su l ted  from c y c l i z a t i o n  o f  p u t re sc in e  or decarboxyl
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t ion o f  p r o l i n e ,  (2 ) from the formation o f  n i t r o s o p r o l i n e  fo l lowed by decarboxyla

tion.  Present evidence sugges ts  that  n i t r o s o p r o l !n e  might be the precursor  for 

n l t r o s o p y r r o ! i d ln e  in f r i e d  bacon. The authors concluded that  pu t re sc in e  had 11«'*

ro le  in the formation o f  n i t r o s o p y r r o l i d l n e .  They were ab le  to measure n i t ro sopr«" '

i n u ncoo ko d bacon at o us nt 1 1 i firfinnri 1 — ,, ■ >. .. j < n6
nd 1 ppm. Fol lowing  cooking,  n i t r o s o p y r r o l i “

was present  in the ppb (7- 17} rannP i .  , , , . ,
P W / )  ange. I t  should a l s o  be mentioned chat t h i s  work

'¡s

ffOi

for

represents the f i r s t  report o f  a n o n - v o l a t i l e  n i t rosamine  in a food product.  Add'"
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lional work by these same authors in whirh thou r • .
n which they f r i e d  separated lean and f a t  port

of bacon led to the conclusion that tko • i i -
at the ad ipose  t i s s u e  conta in s  the n i t r o s o p y r r o l 1

dine precursor.

One would conclude an involvement of connective tissue In the formation of 

sopyrrolidlne because of its high content of proline and hydroxyproline. However,

other products such as ham and cured <;h<->ni,4o j
red shoulder  do conta in  s u b s t a n t i a l  q u a n t i t i e s

connect ive t i s s u e  but are essent ia l l y ,  f-*,„ c •
n t i a l l y  free o f  n i t r o s o p y r r o l i d i n e .  The i s sue  rema

a mystery but one which c l e a r l y  must be reso lved.

I be l ieve  i t  i s  appropr ia te  that I comment a l s o  a t  th i s  time on the very ex««'

s l v e  s e r i e s  o f  s tu d ie s  which have been conducted the U.S.A. to produce more ^

mation about the role of nitrite in i n h i k ; * . -
Inhlblt,n9 production of botulinal toxin ( s e e

for example Christiansen, et al. 197^1 The.
' *  These experiments are c l a s s i c s  I be1iev®

because they represent an immense cooperative off u a
operat ive  e f f o r t  by the U.S.D.A., F.D.A., and

%
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' " 5 try  represented by the AMI Fr.,,w ...
yPes cured meat were examined. ( 1 ) c°°

sausage ( f r a n k f u r t e r s ) ,  canned cured mnaf fu \ , ....
(ham), bacon and fermented sausage (th^1

inger ) .  The des ign  s p e c i f i e d  preparat ion  o f  t u  . ,
the p ioduct  under commercial c o n d i t 1

V

with a wide range of concentrations of nitrite f n l , u •ti ite tollowed by innoculation wi th c]o£ttJi

~ ~  ' n.U1?-- The research was conducted in an effort to , , ,, . .¡o'1ci t o r t  to answer the f o l l o w in g  quest

( 1 ) does n i t r i t e  a t  present  le ve l s  reduce the r i s k  o f  c. botu linum tox in  fo rm at !»"’ 1 

(?)  are detectab le  leve ls  o f  n l t rosam lnes  formed when p re sen t ly  permitted ni t r i te  

> - I s  are used, (3) can changes in permitted cur ing  agents  be made that  would red««

\

\

\
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nitrosamine formation? If I can speak in generalities, the results found 

work can be set forth as five statements: (1) the amount of nitrite needed 

Protection is dependent upon bacterial innoculum level, (2) nitrite is effective 

Preventing formation of botulinal toxin, (3) nitrate is essentially non-functional 

a k°tulinal inhibitor, ( k )  residual nitrite decreases rapidly during meat proces- 

continues to decrease with time, (5) the quantity of nitrite needed for 

,rial protection also varies by product type.

's interesting that at the presently permitted levels of nitrite, no nitro- 

Were found in any product except fried bacon. High levels of ascorbate served 

it the formation of nitrosamines in bacon but some results also indicated

lr)9 a n d

aPine

1 r>h I b

ascorbate might reduce the effectiveness of nitrite as a botulinal inhibitor.

SQ:“pl es with botulinal toxin were noted in the fermented sausage study and such
V Sag e with 50 ppm nitrite would produce toxin only if dextrose or sugar was not
esG h ,

er*L to br ing  about the fermentat ion and lowering o f  pH.

Th's extensive series of experiments forms much of the information base upon
‘ch

•A
* W i l l  be based. Tentat ive  recommendations (meeting o f  Ju ly  15, \3~]b in

decisions about the continued use of nitrite as a meat curing agent in the

,äD!

n9ton D.C.) from our Secretary  o f  A g r i c u l t u r e ' s  Expert Panel on N i t r i t e  N i t r o -  

t'6s c a l l s  fo r  ( 1 ) e l im in a t io n  o f  n i t r a t e  in cooked sausage,  bacon, canned, cured

* l f .

\ s

stable and perishable meat products and pickle-cured products, (2) elimination 

rate in fermented sausage and dry cured primal cuts in 2 years unless research 

'ts need, (3) standardization of ingoing nitrite at 156 ppm in all processed

'Sid u a

G*cept bacon and cured primal cuts pending more research and (A) reduction of 

nitrite levels from 200 ppm to: 100 ppm for cooked sausage, 125 ppm for
"ej > cured, shelf-stable and perishable products and pickle cured items; 50 ppm
cUrr<2d, canned sterile and retorted products.

Ut us now turn our a t te n t io n  to the paper e n t i t l e d  "Reduct ive  d e c h lo r in a t io n

&DT j
curing meat cooking and n i t r i t e  i n h i b i t i o n  o f  the p roc e s s " .  Th is  manuscr ipt

W r
' t ten  by the Russ ian  workers Shoumkova, Karpova, Rouzankova and Alexeyeva o f
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the A l l  Union Meat Research I n s t i t u t e .  I t  presents  a very i n t e r e s t i n g  approach 

a l i n g e r in g  problem. ihe l i n g e r in g  problem is  that  res idues  o f  DDT continue to he 

found, even though admit ted ly  a t  low le v e l s ,  in raw t i s s u e  o f  meat an ima ls .  Some 

coun t r ie s ,  such as the U . S . A . , have suspended the use o f  DDT except for  very i s o l at^ 

and spec ia l  permiss ion  uses. I understand though that  some o f  our manufacturers c° 

t inue to make i t  iOr shipment and use elsewhere. Therefore, even though we have 

stopped pu t t in g  i t  in to  the environment, that which i s  a l ready  there together with 

i t s  metabali  t i e s  continues to l in ge r  and res idues  are found in raw meat products*

The purpose o f  th i s  paper then was to study the in f luence  o f  heat ing  and o f  hea t i11̂ 

in the presence o f  n i t r i t e  on the metabolism o f  DDT. The r e s u l t s  are se t  fo r th  cllJl 

c l e a r l y  and I would l i k e  to review them with you. F i r s t  though I must say a word 

about the reduction de ch lo r ina t ion  o f  DDT to DDD. This  i s  a.) e s t a b l i s h e d  ¡oute  

metabolism and invo lves  the replacement o f  a ch lo r in e  with  a hydrogen. Such conVer 

s ion  i s  d e s i r a b le  for  7. reasons. F i r s t  DDD is  about 10 times l e s s  t o x ic  than i s ^  

Moieover DDD does not accummulate in the organism to the same extent as  does DDT* 

DDT i s  .<nown to be h igh ly  thermorés is tant ,  but i t  does degrade to DDD when heated

? r<

eel

!<ic\

\
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’itn

s o lu t i o n  in the presence o f  reducing agents i n c lud in g  metal ions.  The authors  Put

th i s  in lormat ion  to good use ana by apparent ly  u t i l i z i n g  the endogenous reducin9 3 

tem in muscle, they were ab le  to show a marked convers ion  o f  DDT to DDD when meac ' 

heated. The data set  fo r th  in the manuscript show that  a h igh  percentage o f  conVer 

s io n  took p lace.  The convers ion  was slower i f  the f a t  content o f  the meat was h ¡ y

The authors then reasoned that  s ince  n i t r i t e  i s  reduced in a meat system,
nsi

compete with DDT foi tne hydrogens. The r e s u l t s  leave no doubt that  the present® 

n i t r i t e  i n h i b i t s  completely  the reduct ive  de ch lo r in a t io n  o f  DDT. The authors  con'
£

eluded that  i f  one expects to de tox i fy  DDT res idues  in meat by hea t ing ,  such caO°° 

be accomplished in the presence o f  n i t r i t e .

This  work represents  an important piece o f  in format ion  - namely that  the p re5

o f  n i t r i t e  b locks  the de s t ru c t ion  o f  DDT by heat ing  in meat. This  in format ion  s
,1J

U
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reroembered in the debates about use o f  n i t r i t e .  As a matter o f  in format ion,  I 

eĉ ed with  our National  Res idue Mon i tor ing  Program in Washington D.C. to f ind  

1 about le ve l s  o f  DDT found in our meat supply.  Our Environmental P ro tec t ion  A- 

has reduced the to lerance level from 7 ppm to 5 ppm. Dur ing the per iod o f  

1,1,9rY to March, 197^ they sampled 266 beef ca rca s se s .  Th i r t y  nine were negat ive,  

^ ad 0.01 - 0.03 ppm, 21 had 0.31 - 1.00 ppm, 3 had 1.01 - 1.50 ppm, b had 1.51 - 

PPm, 1 had 2.01 ppm and 1 had greater  than 7.00 ppm. I t  i s  obv ious  that DDT 

do p e r s i s t  even when the use of  DDT i s  no longer allowed.

That is a l l  I have to say at t h i s  time about the 2 manuscr ipts .  I compliment 

9|Jthors on well  designed and c l e a r l y  reported experiments and I enjoyed reviewing

¡si

st

' t  i s  c le a r  that  n i t r i t e  added to. a meet for the purpose o f  cur ing  is  r a p id ly  

* As ide from the amount o f  n i t r i t e  .bound to pigment, de tectab le  as n i t r o s o t h i o l s  

'Ven o f f  as a gas  l i t t l e  is  known concerning the fa te  o f  n i t r i t e .  Our own work

% e U n iv e r s i t y  o f  W iscons in  and conducted by Dr. Sebranek and M iss  Rubbered has

*1 AtE r e c t e d  at t r y in g  to c o l l e c t  some q u a n t i t a t i v e  informat ion in t h i s  regard by 

h i t r i t e  labe led with ^ N ,  the s tab le  isopope o f  n i t rogen.  I n i t i a l  experiments 

f '  6br*nek, et al_. 1973) were conducted on a canned cured meat product in which a t -

b,:s were made to q u a n t i t a t i v e l y  recover a l l  o f  the by t rapping gases evolved
'j

9 proces s ing  and subsequently  ana lyz ing  v a r iou s  f r a c t i o n s  o f  the cured meat for  
l|

Total recoveries of 70~85% were realized, but in the course of that work we
s<oVered that the water so lu b le  ex t rac t  o f  the meat contained a su b s t a n t i a l  p o r t ion

H  J r

e in ad d i t io n  to that present  in the form o f  re s idua l  n i t r i t e  and that  the 

^ t r a t i o n  o f  increased dur ing  s to rage  as in the re s idua l  n i t r i t e  dec l ined

t About 25% o f  the o r i g i n a l l y  added was found in t h i s  po r t ion  o f  the meat. I

j
» therefore,  l i k e  to share with  you some r e s u l t s  (Sebranek, et aj_. 197^) about 

^  er work on that water so lub le  f r a c t i o n .  I t  was subjected to a sephadex G -10
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column and to our s u r p r i s e  most o f  the l 5 N was concentrated in a s i n g l e  peak. This 

is  i l l u s t r a t e d  in s l i d e  1 which shows a n a l y s i s  o f  the f r a c t i o n s  for  tota l  nitrogen 

and ' ’H. There was one la rge  sharp peak o f  at f r a c t i o n  80 and a second much

smal ler  peak at f r a c t i o n s  109 and 111. The la rge  peak represents  76% o f  the 15m in

the concentrate app l ied  to the column. The actual  percent o f  15N o f  to ta l  N ¡ n the

] k H <n

r

th«

peak was approximately 5% ind ica t in g  that the tota l  f r a c t i o n  conta ined much 

ad d i t io n  to 15N from the n i t r i t e .  However, approximately  16% o f  the 15N added or'  

g i n a l l y  to the meat product in the form o f  sodium n i t r i t e  is  accounted fo r  in the 

one major peak.

We are cu r ren t ly  t r y in g  to learn more about the compounds conta ined in th is  P

Optical dens i ty  examination o f  the f r a c t io n s  i s  shown in s l i d e  2. S ince  ab?°r  

bance at 260 mm is  taken as evidence for  the presence o f  nuc leot ides  and absorbent 

at  280 mm is  taken as evidence for aromatic amino ac id  res idues  i t  i s  c lea r  that 

peak a l f r a c t i o n  80 did not conta in  detectable  nuc leot ides  or aromatic  amino a c ^ 5’ 

The peak a l s o  gave a minimal react ion  with n inhyd r in  in d i c a t in g  few i f  any free 

amino groups and i t  was negat ive  to a n a l y s i s  for  n i t r i t e .

P re l im inary  attempts to determine molecular weight by comparing retent  i o n ' ^  

of  the unknown to re tent ion  time for  known amino ac id s  showed the contents o f  the P' 

to be low molecular v/eight, in the v i c i n i t y  of  130.

Both o f  the 5N con ta in ing  peaks were tested fo r  i n h i b i t i o n  o f  c l o s t r  i diufB 

botulinum and were found to be negative.

1 hope that the next time I see the members o f  t h i s  audience I can t e l l  ab° 

the components contained in the peak, and that moreover the r e s u l t s  w i l l  in some 

prov ide us with  usefu l information about the fate  o f  n i t r i t e  in cured meat.

I mentioned e a r l i e r  the fact  that n i t r i t e  can react with  su l f h y d r y l  groups-

]|fl

has been d i scu s sed  p re v io u s ly  in de ta i l  by Mirna and Hofmann ( 1969). We have ^

some work us ing  myosin as an experimental system (Rubbered, et a l .  1974).

We found that the react ion  between n i t r i t e  and the s u l f h y d r y l  groups o f  the X
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ê '

r

e

0l

sin

'on.

"¡tr

Was s t ro n g ly  dependent upon the fo l l o w in g  c o n d i t ion s :  ( 1 ) n i t r i t e  concentra-  

(2) pH and (3) temperature. To summarize, we found that  by ap p ly in g  high

' te

SlJlfh

concentra t ions ,  low pH and h igh temperature i t  was p o s s i b l e  to have a l l  the

3te

V i

ydrYl groups reacted w i th in  a few minutes.

Under cond i t ion s  more s im i l a r  to those found in meat however, the re a c t ion  

Wos wuch lower. Some r e s u l t s  in t h i s  regard are shown in s l i d e  3. In these  

^ n t s  we had about 10 times as high n i t r i t e  concentra t ion  as would be found
i[|.j

a W in a meat product. The pH was 5.0 which i s  somewhat lower than the 5.5 -  
0 rQ

n9e u s u a l l y  found in meat products.  The system a l s o  underwent an incubat ion
If |

at  100°C which is  a s t rong  heat treatment. In th i s  system le s s  than 10% o f
'6 s .

' ' fhydry l  groups reacted during the incubat ion.

* ê l° s s  o f  n i t r i t e  in these experiments was near ly  equimolar to the s u l fh y d r y l
l<*$

v,hen the samples were incubated under anaerobic  c o n d i t i o n s .  We in te rp re t  these

"Us as an in d i c a t io n  that  the main react ion  between n i t r i t e  and p ro t e in  is  with

Sul fhydryl groups,  and n i t r o s o t h i o l s  are p o s s i b l y  formed.

Presence o f  any n i t r o s o t h i o 1s can be determined us ing  the f a c t  that  theyThe
sPli

‘S
'ff,

•t by heavy metal ions.  N i t r i t e  is  reformed dur ing the re a c t ion  and can be 

red before and a f t e r  s p l i t t i n g  o f  the ni t r o s o t h io l  s with mecuric ions and the

e r
er>ce between the two determinat ions  taken as the ni t r o s o t h io l  s.

By

'0]

app ly ing  th i s  method we found that  20% o f  the n i t r i t e  lo s s  was bound as n i t r o  

s * N i t r o s o t h i o l s  are known to be unstab le  compounds. I t  i s  there fore  p o s s ib l

3 1 o f  the n i t r i t e  w i l l  bind with  the su l fh y d ry l  groups into  n i t r o s o t h i o l s  i n i "

\  T UThe n i t r o s o t h i o l s  may then be p a r t l y  broken down dur ing  subsequent heat  

ent- N i t r i t e  i t s e l f  i s  an o x i d i z i n g  agent o f  intermediate s t reng th  and whether

S f :
ldes or other o x id a t i o n  products are formed from the breakdown o f  n i t r o s o t h i o ! s

Pr°tei

V

'ns has s t i l l  to be shown. 

r°m our r e s u l t s  we concluded that the rate o f  reac t ion  between n i t r i t e  and su k

VI
9i‘oups in myosin in t h i s  model system was low under c o n d i t ion s  s i m i l a r  to
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those found in a meat product. The su l fh yd ry l  groups o f  the myosin f r a c t i o n  of meat 

are therefore  assumed to be re spons ib le  for  on ly  a small p ropor t ion  o f  the total  

n i t r i t e  l o s t  in a cured meat product.
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