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In troduct ion

A d d it ion  or n i t r i t e  and n i t r a t e  to  rood i s  a matter o f  
cons iderab le  d iscuss ion . N i t r i t e  i s  the most im portan t.o f  
the two, but to  some extent i t  i s  regarded a s  being harm­
f u l  i f  i t  i s  not used under the proper cond it ions . High' 
concentretions o- n ? t r i t e  hrve a poisonous e f f e c t . N i t r i t e  
nay go in to  complex w ith  f r e e  amines, and the re su lt  is  

n itrosamines, which are regarded as being a cancer'ogenic 
substance.

From a technological point of view addition of nitrite to 
certain meat products is of great importance. Originally 
the formation ofyiiltrosomyoglobin thus giving meat products 
a desirable red colour was regarded as the most important 
effect. The^timicrobial effect of nitrite is, however, 
probably even more important from a modern technological 
point of view. Nitrite is interfering with the outgrowth 
of bacterial spores (Gould 1963), and certain products 
like canned luncheon meat and canned ham could hardly be 
produced if addition of nitrite was net allowed. An 
eventual prohibition of addition of nitrite to meat products 
would in any case probably substantially enhance the risk
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f o r  outbreaks o f  botulism.

Although n i t r i t e  i s  more important than n i t r a t e  techno lo ­
g i c a l l y ,  p r a c t i c a l  experience in d ica tes  that simultaneous 
a dd it ion  o f  the two components to  meat products may in  
some cases be advantageous in  order to  achieve a b e t te r  
s t a b i l i t y  o f  n i t rosomyochromogene* Xn some countries 
simultaneous use o f  n i t r i t e  and n i t r a t e  is  p roh ib ited .  The 
reason fo r  t h i 3 r e s t r i c t i o n  is  probably that the f i n a l  

n i t r i t e  content may be too  high.

The ob jec t  o f th is  in v e s t ig a t io n  was to  t r y  to  assay the 
content o f  n i t r i t e  in prepared meat products a f t e r  add it ion  
o f  n i t r i t e  and n i t r a t e  s in g ly  and in  combination.

M a ter ia l  and methods

In  Norway a dd it ion  o f  n i t r i t e  to  meat products i s  only 
permitted in  the form o f  a s a l t / n i t r i t e  mixture. The n i t r i ­
t e  concentrat ion  in  the mixture i s  l im ited  to  0.5 -  0.6 

peç cent. The use o f  n i t r a t e  i s  l im ited  to  0.5 grams per 
100 gram o f  meat, which i s  more than 10 times the amount • 

commonly used in  the industry.

In  the experiments the fo l lo w in g  curing mixtures were used:

I :  The o f f i c i a l  n i t r i t e  mix (99,5 % NaCl + 0,5 % NaNOg) 
I I :  The mixture was mixed h a l f  and h a l f  w ith  a common

s a l t/ n i t r a t e  mixture (98,75 NaCl + 1 % KNO  ̂ + 0,25 % 

NaN02 )
I I I :  A common used s a l t / n i t r a t e  mixture (98 % NaCl + 2 %

kno3 ) .

To each curing mixture 6 % sucrose was added.

The fo l lo w in g  meat products were used f o r  the experiments. 
Frankfurter -  and Bologna sausages and cooked ham. The 
two types o f  sausages were made from the same emulsion in  
order to  see whether the diameter o f  the sausage was 

important to  the res id u a l quantity  o f  n i t r i t e .

The composition o f  the emulsions were the fo l lo w in g :
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Table 1:

N i t r i t e  content o f  two d i f f e r e n t  types o f  sausages and ham a f t e r  a dd it ion  o f  d i f f e r e n t  
qu an t i t ie s  o f  30dium n i t r i t e  and potasium n i t r a t e  and stored under d i f f e r e n t  cond it ions  

f o r  d i f f e r e n t  length  o f  time.



3.5 kg lean bee f
3.5 kg pork ( f a t  and lean )
3}0 kg akinn milk
440 grama potato  starch 

160 grama curing ( s a l t )  mixture 
20 grams sp ice-m ix

Only the curing mixtures 1 and 11 were used fo r  the sausages, 
because the n i t r a t e  cure i s  not commonly used in  the sausa­
ge production.

The sausages were smoked before  cooking.

The curihg was added to  the hams by a r t e r i a l  in je c t io n  in 
an amount corresponding to  a s a l t  content o f  16 grams pr 
kg.

The hams were stored 4 day3 before  cooking, the one h a l f  
a t  + 4 C and the other a t  + 18°C. The cooking procedure 
invo lved  heating to  68°C in  the centre o f  the hams.

The n i t r i t e  content o f  the products was determined immedi­

a t e l y  a f t e r  p repara tion  both before  and a f t e r  heat treatment 
and a f t e r  storage a t  4°C f o r  7, 14, and 21 days. In  a d d it ion  
the n i t r i t e  content was determined a f t e r  storage a t 20°C 
f o r  7 days. <

The determinations o f  n i t r i t e  was ca rr ied  out accord ing to  
the standard methods f o r  determ ination  o f  n i t r i t e s  in  meat 
products g iven  in  O f f i c i a l  Methods o f  A na ly s is  o f  the 
A sso c ia t ion  o f  O f f i c i a l  A g r ic u l tu r a l  Cnemists (10th e d . ) .
The methods were s l i g h t l y  modified as a standard so lu t ion  
o f  NaN02 was used instead o f  AgN02<

Results

The re s u l ts  o f  the n itrr .te  analyses in  sausages and ham 
appear from ta b le  1. These re s u l ts  are average va lues 
obtained in  two d i f f e r e n t  experiments.

Tab le  1: p lease  see next page (no. 4 ) .
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For the sake o f  convenience these re su lts  are  v is u l i z e d  in  

f i g s  2, 3, and 4» The va lues obtained f o r  the two aau— 
sage types are f a i r l y  s im i la r ,  and in  f i g .  1 th e re fo re  
the average n i t r i t e  va lues in  Frankfurter and Bologna 
sausages are p lo t te d  aga inst  t ime. In  f i g .  2, 3, and 4 the 
va lues obtained in  the experiments w ith  ham are g iv en .

Discussion

The Norwegian meat industry i s  in te res ted  in  the a p p l ic a ­
t io n  o f  a curiAg mixture conta in ing both n i t r i t e  and n i t r a ­
te  as p r a c t i c a l  experience in d ica tes  that th is  mixture 
enhances the co lour s t a b i l i t y .  The primary aspect o f  th is  
experiment was t o  e lu c ida te  what happens to  n i t r i t e  and 
n i t r a t e  in  meat products a f t e r  cooking and during s to rage .  
This question  is  in t e r e s t in g  both from  the po in t  o f  v iew 
o f  food technology and food hygiene. Codex A lim entarius 
Standards f o r  meat products are a ls o  concerned w ith  th is  
question.

Another in ten t ion  was to  use these re su lts  as background 
m a ter ia l  f o r  an eventual a p p l ic a t io n  to  the hea lth  autho­
r i t i e s  in  Norway f o r  an approval o f  such a curing mixture.

In  the experiments mixtures o f  sodium n i t r i t e  and potas­
sium n i t r a t e  were u s e d .S c i e n t i f i c l y  i t  might .have been 
p r e fe ra b le  to  use only sodium s a l t s ,  but the reason fo r  
choosing potassium n i t r a t e  was that th is  is  almost e n t i r e l y  
used under p r a c t i c a l  cond it ions  in  Norway.

The q u an t it ie s  o f  n i t r i t e  and n i t r a t e  being used were 
determined on the basis o f  p r a c t i c a l  experience and w ith  
due cons idera t ion  to  the e x is t in g  re gu la t ion s .

In  the experiments a storage temperature o f  20°C and a 

curing temperature fo r  hams o f  18°C were ap p l ied .  From a 
p r a c t i c a l  p o in t  o f  v iew these temperatures are  u n r e a l i s t i c ,  
and they were only used in  order t o  t r y  to  e lu c id a te  the 
effect o f  these high temperatures on the reduction  o f  
n i t r a t e  and the re s id u a l  content o f  n i t r i t e  in  the product.
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The r e s u l ts  In d ica te  that about on^ h a l f  o f  the quantity  
o f  n i t r i t e  added might be demonstrated in  the products 
a f t e r  cooking. When n i t r i t e  was added alone the re s id u a l  
quan t it ies  were not su b s ta n t ia l ly  changed a f t e r  storage 
from three weeks a t  4°C. A t  20°C a reduction  o f  n i t r i t e  
occured a f t e r  storage f o r  one week.

When n i t r a t e  was added alone to  hams, ve ry  small amounts 
o f  n i t r i t e  could be traced a f t e r  curing a t  4°G f o r  fou r 
days. A t  a curing temperature o f  18°C amounts o f  about 20 
ppm could be demonstrated. Hams cured a t  4°G and stored a t  
the same temperature a f t e r  cooking showed a moderate 
increase in  the n i t r i t e  content a f t e r  three weeks. In  hams 
cured at 18°C the 'n i t r i t e  content increased su b s ta n t ia l ly  
under the same cond it ions . The reason f o r  th is  d i f f e r e n c e  
may be growth o f  n i t r a t e  reducing organisms during curing 
and that a small number may- have surv ived the cooking 

process.

The organisms seem to  grow a t  4°G although the r e s u l ts  
in d ica te  that the lo g  face  i s  ra ther long.

In  hams cured w ith  both n i t r i t e  and n i t r a t e  the re s id u a l  
content o f  n i t r i t e  was inbetween the va lues obtained 
from the products cured w ith  the two in g red ien ts  separa te­
l y .  Th is was e s p e c ia l ly  re le van t  a t  a curing temperature o f  
18°C, but i f  the experiments w ith  the hams cured a t  4°C 
had been continued a s im i la r  r e s u l t  would most l i k e l y  have 

been obtained.

In  the sausages the samples which had been added a mixture 
o f  n i t r i t e  and n i t r a t e  and stored at 4°G showed a lower 
re s id u a l  n i t r i t e  content than those which were added 
n i t r i t e  a lone. A t  a storage temperature o f  20°C f o r  one 
week a more rap id  f a l l  in  the n i t r i t e  content occurred.

These r e su lts  must be regarded as p re l im inary  as the num­
ber c f  r e p l i c a t e s  i s  inadequate. Furthermore i t  would have 

been d es ira b le  to  include a d d i t io n a l  products in  the 
experiments and to  use h igher amounts o f  n i t r a t e .  I t  should
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a lao  be emphasized that these experiments are not a t  a l l  
dea l in g  w ith  the question o f  formation of  n itroaoamlnes.

'^Conclusion

The re su lts  o f  these experiments seem to  in d ica te  that a 
simultaneous use o f  n i t r i t e  and n i t r a t e  in moderate amounts 
dgg£_£2LAnc™ a3e su b s ta n t ia l ly  the re s id u a l  qu an t i t ie s  of  
t i ltrx te .- in^aeat products. I t  seems th e re fo re  that no public  
hea lth  hazard even tua lly  would be in vo lv ed .  The qu an t it ies  

o f  n i t r i t e  and n i t r a t e  added simultanously must be reduced 
in r e la t i o n  to  the quan t it ies  used when they are added

- in d iv id u a l ly .  '
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Nitrite content Fig.1. N itrite content in Frankfurter and
ppm Bologna Sausages



Nitnte content Fig.2. N itrite content in ham cured at 4°C and 180C ;and
PPm stored at 20°C fo r 7days.
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