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SUMMARY: I n  p r e p a c k a g e d  c u r e d  c o o k e d  h a m ,  t h e  a m o u n t  o f  
r e s i d u a l  n i t r i t e  a n d  t h e  v a c u u m  l e v e l  i n f l u e n c e  t h e  c o l o r  
s t a b i l i t y  a n d  t h e n ,  t h e  s h e l f l i f e  o f  t h e  p r o d u c t .  W h e n  r e s i d u a l  
n i t r i t e  i s  a r o u n d  2 0  m g / k g ,  a  1 0 - 1 5  d a y  c o l o r  s t a b i l i t y  c a n  b e  
o b t a i n e d  o n l y  w i t h  a  h i g h  v a c u u m  ( 5  h P a ) . W h e n  r e s i d u a l  n i t r i t e  
i s  a r o u n d  8 0 - 1 0 0  m g / k g ,  c o l o r  i s  o b v i o u s l y  s t a b l e  w i t h  a  h i g h  
v a c u u m ,  b u t  a n  a c c e p t a b l e  s h e l f l i f e  i s  o b t a i n e d  w i t h  a  1 0 0 - 1 2 5  
h P a  v a c u u m .  I n  t h i s  c a s e ,  c o l o r  t u r n s  g r e y - b r o w n  d u r i n g  t h e  
f i r s t  4 h o u r s  a f t e r  p a c k a g i n g  a n d  t h e n  b e c o m e s  s a t i s f a c t o r y  
a g a i n  d u r i n g  t h e  n e x t  2 4  h o u r s  a n d  r e m a i n s  s t a b l e  f o r  8 - 1 0  
d a y s .
T h e  c h e m i c a l  r e a c t i o n s  o c c u r i n g  a r e :

-  I n  a  f i r s t  s t e p ,  n i t r o s y l m y o g l o b i n  i s  o x i d i z e d  i n  
® e t m y o g l o b i n .

-  I n  a  s e c o n d  s t e p ,  m e t m y o g l o b i n  p r o g r e s s i v e l y  d i s a p p e a r s  a n d  
r e s i d u a l  n i t r i t e  c a u s e s  a  s e c o n d a r y  n i t r o s a t i o n  w h i c h  i m p a r t s  
a g a i n  a  s u i t a b l e  p i n k  c o l o r .

I N T R O D U C T I O N :  A l t h o u g h  p o t a s s i u m  n i t r a t e  ( s a l p e t e r )  h a s  
b e e n  u s e d  f o r  m e a t  c u r i n g  f o r  m a n y  h u n d r e d  o f  y e a r s ,  i t s  r o l e  
h a s  b e e n  u n d e r s t o o d  o n l y  s i n c e  t h e  e n d  o f  t h e  1 9 °  c e n t u r y .  T h e  
s t u d i e s  o f  P o l e n s k i  ( 1 8 9 1 ) ,  L e h m a n  (1899) a n d  H a l d a n e  ( 1 9 0 1 )  
e s t a b l i s h e d  t h a t  n i t r a t e  m u s t  b e  r e d u c e d  t o  n i t r i t e  
b a c t e r i o l o g i c a l l y  b e f o r e  r e a c t i o n  o c c u r s  w i t h  m y o g l o b i n  t o  
g i v e  t h e  c h a r a c t e r i s t i c  c o l o r  o f  c u r e d  m e a t  p r o d u c t s . L a t e r ,  
K e r r  at al.  ( 1 9 2 6 )  e s t a b l i s h e d  p r o p e r  l e v e l s  o f  u s a g e  f o r  
n i t r i t e  i n  m e a t  c u r i n g .  T h e n ,  B r o o k s  e t  a l .  ( 1 9 4 0 )  a n d  T a r r  
( 1 9 4 1 )  o f f e r e d  r e s p e c t i v e l y  t h e  f i r s t  p r o o f  t h a t  n i t r i t e  i s  t h e  

a g e n t  r e s p o n s i b l e  f o r  c u r e d  f l a v o r  a n d  h a s  a n  a n t i m i c r o b i a n  
f u n c t i o n .
F u r t h e r  s t u d i e s  c o r r o b o r a t e d  t h e s e  f i n d i n g s  a n d ,  
s i m u l t a n e o u s l y ,  s h o w e d  t h a t  s o m e  o f  t h e  a d d e d  * n i t r i t e  
d i s a p p e a r e d  d u x f i n g  p r o c e s s i n g  s t o r a g e  a n d  d i s t r i b u t i o n  ( F o x  a n d  
T h o m s o n , 1 9 6 3 ;  N o r d i n ,  1 9 6 9 ;  C h o  a n d  B r a t z l e r ,  1 9 7 0 ;  G r e e n b e r g ,  
1 9 7 2 ;  H e r r i n g ,  1 9 7 3 )  .
T h e n ,  t h r e e  p o t e n t i a l  p r o b l e m s  c u r r e n t l y  a s s o c i a t e d  w i t h  
n i t r i t e  a n d  c u r e d  m e a t  h a d  t o  b e  d e a l t  w i t h :  f i r s t l y ,  t h e  
p o s s i b l e  p r e s e n c e  o f  p r e f o r m e d  n i t r o s a m i n e s  i n  t h e  p r o d u c t ;  
s e c o n d l y ,  t h e  p r e s e n c e  o f  r e s i d u a l  n i t r i t e  ( w h o s e  c o n s u m p t i o n  
i n c r e a s e s  t h e  t o t a l  b o d y  b u r d e n  o f  n i t r i t e  a n d  c a n  p r o d u c e  
n i t r o s a m i n e s  f o r m a t i o n  i n  t h e  c o n s u m e r ' s  s t o m a c h )  a n d  t h i r d l y ,  
c o n c e r n  a b o u t  t h e  u n k n o w n .
I f  t h e  i m p r o v e m e n t  o f  o u r  k n o w l e d g e  a b o u t  t h e  t h i r d  p o i n t  w a s  
( a n d  s t i l l  i t  i s  f o r  s e v e r a l  p o i n t s )  t h e  a i m  o f  a  l o t  o f  
r e s e a r c h e r s  ( a s  s h o w n  b y  t h e  a m o u n t  o f  p u b l i s h e d  p a p e r s ) ,  t h e  
o u t c o m e  o f  t h e  f i r s t  t w o  i s  a  m o d i f i c a t i o n  o f  t h e  r e g u l a t i o n  i n  
m a n y  c o u n t r i e s ,  i n  o r d e r  t o  l o w e r  t h e  l e v e l  o f  r e s i d u a l  n i t r i t e  
a s  n e a r  0  a s  p o s s i b l e  i n  c u r e d  m e a t s .  B u t ,  a s  n i t r o s a m i n e  
f o r m a t i o n  i s  t o  b e  p r e v e n t e d  a n d  t h e  a m o u n t  o f  n i t r i t e  i n g e s t e d
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b y  c o n s u m e r s  d e c r e a s e d ,  c u r e d  m e a t  p r o d u c t s  n e e d  t o  h a v e  a  g o o d  
s h e l f l i f e .  S t u d i e s  c a r r i e d  o u t  o n  p r e p a c k a g e d  c u r e d  c o o k e d  h a m  
( G o u t e f o n g e a  1 9 8 0 )  h a v e  s h o w n  t h a t  a  h i g h  v a c u u m  ( a b o u t  5  h P a )  

g i v e s  a  g o o d  c o l o r  s t a b i l i t y  f o r  a n y  l e v e l  o f  r e s i d u a l  n i t r i t e ;  
h o w e v e r ,  w h e n  t h e  v a c u u m  l e v e l  r e a c h e s  o n l y  1 0 0 - 1 2 5  h P a ,  t h e  
c o l o r  s t a b i l i t y  b e c o m e s  l a r g e l y  d e p e n d i n g  o n  t h e  a m o u n t  o f  
r e s i d u a l  n i t r i t e  a s  f o l l o w s :

-  r e s i d u a l  n i t r i t e  <  2 0  m g / k g :  t h e  c o l o r  t u r n s  i r r e v e r s i b l y  
g r e y - b r o w n  v e r y  r a p i d l y ;

-  r e s i d u a l  n i t r i t e  >  8 0  m g / k g :  t h e  c o l o r  t u r n s  g r e y - b r o w n
d u r i n g  t h e  f i r s t  f o u r  h o u r s  a f t e r  p a c k a g i n g ,  t h e n  b e c o m e s  
s a t i s f a c t o r y  a g a i n  d u r i n g  t h e  n e x t  2 4  h o u r s  a n d  r e m a i n s  s t a b l e  
f o r  8 - 1 0  d a y s .
T h e  a i m  o f  t h i s  w o r k  i s  t o  t r y  t o  u n d e r s t a n d  t h e  c h e m i c a l  
m e c h a n i s m  o f  t h e s e  c o l o r  c h a n g e s .

M A T E R I A L S  AND METHODS: P a i r e d  h a m s  f r o m  e i g h t  h o g s  ( 1 6
h a m s )  w e r e  p u r c h a s e d  f r o m  a  l o c a l  s l a u g h t e r h o u s e  t w e n t y - f o u r  
h o u r s  a f t e r  s l a u g h t e r  a n d  k e p t  a t  + 4 ”C .  T h e  n e x t  d a y ,  t h e y  were 
d e r m d e d ,  d e f a t t e d ,  d e b o n e d  i n d  i n j e c t e d  ( s t i t c h  p u m p i n g )  with 
b r i n e .  O n e  h a m  o f  e a c h  p a i r  w a s  p u m p e d  t o  1 1 5 %  o f  g r e e n  weight 
a f t e r  t r i m m i n g  b y  u s i n g  a  b r i n e  c o m p o s e d  o f  10% s o d i u m  c h l o r i d e  
( N a C l )  a n d  l O O O  m g / k g  sodium n i t r i t e  ( N a N 0 2 ) . T h i s  r e s u l t e d  in 

i n g o i n g  l e v e l  o f  1 5 0  m g / k g  N a N 0 2 . T h e  s e c o n d  h a m  o f  e a c h  pair 
w a s  p u m p e d  t o  1 1 5 %  o f  g r e e n  weight a f t e r  t r i m m i n g  w i t h  a  b r i n e  
c o m p o s e d  o f  i d e n t i c a l  l e v «  of N a C l  but l o w e r e d  NaN02
c o n c e n t r a t i o n  t o  2 0 0  m g / k g .  This resulted i n  a n  i n g o i n g  n i t r i t e  
l e v e l  o f  3 0  m g / k g .  A f t e r  pumping, han w e r e  s o a k e d  i n  their 
r e s p e c t i v e  b r i n e  f o r  4 8  h o u r s ,  t h e n  dra ned f o r  4  h o u r s ,  p u t  in 
m o u l d s  a n d  c o o k e d  i n  a  s t e a m  o v e r  u n t i l  t h e  i n t e r n a l  
t e m p e r a t u r e  r e a c h e d  6 8 ° C .  f t r  ~ c o o > r g, t h e y  w e r e  p r e s s e d  
u n d e r  2 2  h P a  a n d  s t o r e d  a t  + 4  C f o r  2  d a y s  i n  a  c h i l l i n g  r o o m .  
• A f t  - ¡ r w a r d s ,  t h e y  w e r e  t a k e n  o u t  of the m o u l d s  a n d  m u s c l e s  
B i c e p s  f e m o r i s a n d  S & m i m e m b r a n o s u s w e r e  c a r e f u l l y  dissected 
w i t h  c o m p l e t e  r e m o v a l  o f  f a t  a n d  connective ti : > s u e ,  t h e n  f i n e l y  
g r o u n d .
F o r  e a c h  h a m ,  a l i q u o t s  w e i g h i n g  a b o u t  5 0  g  w e r e  p a c k a g e d  i n  
t r a n s p a r e n t  p l a s t i c  p o u c h e s  ( o x y g e n  p e r m e a b i l i t y :  1 0
c r r r ' / m  / 2 4 h )  u n d e r  r e s i d u a l  p r e s s u r e  o f  e i t h e r  5  o r  1 2 5  h P a . F o r  
e a c h  v a c u u m  c o n d i t i o n ,  t w o  k i n d s  o f  s a m p l e s  w e r e  p r e p a r e d ;  
t h i c k  s«au.±..̂.«u ( >  5  mm) f o r  c o l o r  a n a l y s i s  b y  r e f l e c t a n c e
s p e c t r a  a n d  t h i n  s a m p l e s  ( 1  mm) f o r  c h e m i c a l  a n a l y s i s :  a s  a  
m a t t e r  o f  f a c t ,  r e f l e c t a n c e  m e a s u r e m e n t s  r e q u i r e  t h i c k  s a m p l e s  
( t h e o r e t i c a l  t h i c k n e s s  =  o 3 ) ;  o n  t h e  c o n t r a r y ,  a s  c h e m i c a l  

r e a c t i o n s  a s s o c i a t e d  w i t h  c o l o r  c h a n g e s  a f f e c t  o n l y  t h e  s u r f a c e  
o f  t h e  s a m p l e s ,  c h e m i c a l  d e t e r m i n a t i o n s  h a v e  t o  b e  c a r r i e d  o u t  
o n  s a m p l e s  a s  t h i n  a s  p o s s i b l e .
A l l  s a m p l e s  were stored at +  1 0 "C in fluorescent light. 
R e f l e c t a n c e  spectroscopy measurements were carried out on a 
s p e c t r o p h o t o m e t e r  Jobin-Yvon/Hitachi model 100-80A, fitted with 
a n  i n t e g r a t i n g  sphere, a 1 0  inch recorder and a micro-computef 
A p p l e  lie. The reflectance spectra were recorded between 700 
a n d  400 nm and the values of the reflectance percentage, 
c o l l e c t e d  at 5 nm intervals, were treated on the computer to 
o b t a i n  color characteristics; we considered mainly the
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l u m i n a n c e  Y ,  a n d  t h e  d o m i n a n t  w a v e l e n g h t  A.d . . F u r t h e r m o r e ,  w e  
d e t e r m i n e d  A E ,  w h i c h  i s  t h e  g l o b a l  a s s e s s m e n t  o f  c o l o r  
d i f f e r e n c e s ,  b e t w e e n  t h e  i n i t i a l  t i m e  T 0  a n d  t h e  d i f f e r e n t  
t i m e s  a t  w h i c h  r e f l e c t a n c e  m e a s u r e m e n t s  w e r e  m a d e .
C h e m i c a l  d e t e r m i n a t i o n s  w e r e  c a r r i e d  o u t  a s  f o l l o w i n g :

-  R e s i d u a l  n i t r i t e  w a s  d e t e r m i n e d  i n  d u p l i c a t e  o n  s a m p l e s  
w e i g h i n g  1 0  g r a m s ,  h o m o g e n e i z e d  i n  w a r m  w a t e r  ( 6 0 ° C )  b u f f e r e d  
w i t h  b o r a x  ( 5 % ,  p H  9 , 0 )  a n d  t h e n  h e a t e d  a t  1 0 C T C  f o r  h a l f  a n  
h o u r .  A f t e r  c o o l i n g ,  t h e  s o l u t i o n s  w e r e  c l a r i f i e d  b y  C a r r e z  
s o l u t i o n  1 ( p o t a s s i u m  f e r r o c y a n i d e  1 5 % ) a n d  2  ( Z i n c  a c e t a t e  
3 0 % ) ,  a d j u s t e d  i n  v o l u m e  a n d  f i l t e r e d ;  N i t r i t e  w a s  d e t e r m i n e d  
b y  d i a z o t a t i o n  w i t h  s u l f a n i l a m i d e - H C l  a n d  c o u p l i n g  w i t h  a -  
n a p h t y l e t h y l e n e d i a m i n e . T h e  r e s u l t i n g  c h r o m o p h o r e  w a s  m e a s u r e d  
s p e c t r o p h o t o m e t r i c a l l y  a t  5 4 0  n m .

~ T o t a l  p i g m e n t s  a n d  n i t r o s o - p i g m e n t s  w e r e  q u a n t i f i e d  ( H o r n s e y  
1 9 5 6 )  b y  H C l - a c e t o n e - w a t e r  e x t r a c t i o n  f o r  t o t a l  p i g m e n t s  a n d  
a c e t o n e - w a t e r  ( 8 0 / 2 0 )  f o r  n i t r o s o p i g m e n t s . S p e c t r o p h o t o m e t r i c  
m e a s u r e m e n t s  w e r e  m a d e  a t  5 1 2  a n d  5 4 0  nm r e s p e c t i v e l y .  
R e f l e c t a n c e  s p e c t r o s c o p y  m e a s u r e m e n t s  a n d  c h e m i c a l  
d e t e r m i n a t i o n s  w e r e  p e r f o r m e d  a t  t h e  i n i t i a l  s t e p  Tg ( j u s t  
a f t e r  p a c k a g i n g )  t h e n  a t  T0 +  4  h ,  T0 +  2 4  h ,  Tn +  4 8  h ,  Tn +  
7 2  h ,  a n d  Tg +  9 6  h .

RESULTS AND D I S C U S S I O N : R e s u l t s  o f  c h e m i c a l  a n a l y s i s  a r e
s u m m a r i z e d  o n  F i g . l .  We o b s e r v e  t h a t  t h e  a m o u n t  o f  r e s i d u a l  
n i t r i t e  i s  a b o u t  50% o f  t h e  i n i t i a l l y  a d d e d  a t  T 0  a n d  t h e n ,  
t h e r e  i s  a  d e p l e t i o n  d u r i n g  s t o r a g e ;  a t  Tg +  9 6  h ,  r e s i d u a l  
n i t r i t e  i s  a b o u t  25% o f  i n i t i a l l y  a d d e d .  N o  s i g n i f i c a n t  e f f e c t  
o f  t h e  v a c u u m  l e v e l  a n d  i n i t i a l  n i t r i t e  o n  t h e  d e p l e t i o n  
p e r c e n t a g e  i s  n o t e d .  T h e s e  r e s u l t s  a b o u t  d i s a p p e a r i n g  o f  a  p a r t  
o f  t h e  a d d e d  n i t r i t e  d u r i n g  p r o c e s s i n g ,  t h e n  d u r i n g  s t o r a g e ,  
a r e  w e l l  k n o w n .
C o n c e r n i n g  t o t a l  p i g m e n t s ,  w e  n o t i c e ,  i n  e v e r y  e x p e r i m e n t a l  
c o n d i t i o n ,  a  p r o g r e s s i v e  d i s a p p e a r a n c e  w h i c h  i s  p r o b a b l y  a  
c o n s e q u e n c e  o f  a  s l o w  o p e n i n g  o f  t h e  p o r p h y r i n  r i n g  u n d e r  l i g h t  
e x p o s u r e .  F o r  b o t h  n i t r i t e  l e v e l s ,  t h e  d i s a p p e a r i n g  r a t e  s e e m s  
t o  b e  s l i g h t l y  h i g h e r  f o r  h i g h e r  r e s i d u a l  p r e s s u r e .
T h e  m a i n  d i f f e r e n c e s  a p p e a r  w h e n  c o n s i d e r i n g  t h e  v a r i a t i o n  o f  
n i t r o s o p i g m e n t s .  F o r  b o t h  l e v e l s  o f  a d d e d  n i t r i t e ,  w e  o b s e r v e  
o n  s a m p l e s  p a c k a g e d  u n d e r  5  h P a  a  d e c r e a s e  s i m i l a r  t o  t h e  o n e  
o b s e r v e d  o n  t o t a l  p i g m e n t s .  U n d e r  a  1 2 5  h P a  p r e s s u r e ,  t h e  
p h e n o m e n o n  i s  d e p e n d i n g  o n  n i t r i t e  l e v e l :  w i t h  a  l o w  n i t r i t e  
l e v e l ,  t h e r e  i s  a  d e c r e a s e  i n  n i t r o s o p i g m e n t s  f r a c t i o n ,  f a s t  
b e t w e e n  T q  a n d  Tg +  4  h ,  t h e n  s l o w e r ;  w i t h  a  h i g h  n i t r i t e  
l e v e l ,  w e  o b s e r v e  a  s i m i l a r  c h a n g e  b e t w e e n  Tg a n d  Tg +  4 h ,  b u t  
a n  i n c r e a s e  f r o m  Tg + 4  h  a n d  Tg + 4 8  h ,  t h e n  a  s l o w  d e c r e a s e .  
T h e  c o l o r  c h a r a c t e r i s t i c s  c a l c u l a t e d  f r o m  r e f l e c t a n c e  
s p e c t r o s c o p y  m e a s u r e m e n t s  a r e  s h o w n  F i g .  2 .  T h e i r  v a r i a t i o n s  
r e p r e s e n t  t h e  c o l o r  c h a n g e s  o f  t h e  s a m p l e s  d u r i n g  s t o r a g e :  w h e n  
t h e  d o m i n a n t  w a v e l e n g t h  Xd  i s  d e c r e a s i n g ,  c o l o r  t u r n s  f r o m  
p i n k  t o  g r e y - b r o w n ,  a n d  w h e n  t h e  l u m i n a n c e  f a c t o r  Y i s  
i n c r e a s i n g ,  c o l o r  i s  f a d i n g ;  t h e n ,  t h e  v a r i a t i o n  o f  AE  
i l l u s t r a t e s  t h e  g l o b a l  c h a n g e s  i n  c o l o r  f r o m  t h e  i n i t i a l  s t a t e  
( c o l o r  c h a n g e  i s  v i s i b l e  b y  h u m a n  e y e  w h e n  A E  >  2 ) .

T h e  i n t e r e s t i n g  p o i n t  t o  d i s c u s s  i s  t h e  c h e m i c a l  m e c h a n i s m  o f  
c o l o r  c h a n g e s .  A s  f o r  r e s i d u a l  p r e s s u r e  o f  5  h P a ,  t h e s e  c h a n g e s  
a r e  s l o w  a n d  s l i g h t ,  w e  a r e  i n t e r e s t e d  m a i n l y  i n  m o s t  
s i g n i f i c a n t  c h a n g e s ,  w h i c h  o c c u r  w i t h  r e s i d u a l  p r e s s u r e  o f  1 2 5
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hPa. With both nitrite levels, color turning which happens 
squares with concomitant decrease in nitrosopigments fraction 
(when total pigments fraction remains unchanged); that means 
nitrosylmyoglobin is oxidized in metmyoglobin, as it appears on 
the reflectance spectra (Fig. 3 A and B).
Then, with a low nitrite level, the slow decrease 
nitrosopigments after Tq + 48 his probably associated with the 
decrease in total pigments under light exposure; with a high 
nitrite level, the recovery of good color between Tq t 4 h and 
Tq + 48 h squares with the increase in nitrosopigments
fraction; the reflectance spectra (Fig. 3 B) show the 
progressive disappearance of metmyoglobin. So, a secondary 
nitrosation from residual nitrite occurs. The question is: does 
that secondary nitrosation affect only metmyoglobin appeared 
between Tq and Tq + 4 h or does it affect partly metmyoglobin 
and partly some of the originally non-nitrosated pigments? We 
have no categorical proof but, a s  nitrosated pigments s e e m  t o  
be more sensitive to light e x p o s u r e ,  t h e  s e c o n d  a l t e r n a t i v e  
could be the most likely.

CONCLUSION: These results a g r e e  m o s t l y  with t h o s e  o f  Lin
and Sebranek ( 1 9 7 9 ) ,  Amundson e t  a l . ( 1 9 8 2 )  and F r o e h l i c h  at a l  
( 1 9 8 3 ) ,  even if the aim of these a u t h o r s ' w o r k s  w a s  n o t  t h e  s a m e  
as here. Anyway, the main lesson w e  c a n  d r a w  f r o m  t h e s e  r e s u l t s  
i s :  i f  we wish meat products w i t h  a  l o w  l e v e l  o f  r e s i d u a l  
nitrite, we have to use a v e r y  h i g h  v a c u u m  a n d  p o u c h e s  o w i n g  a 
low oxygen permeability to o b t a i n  g o o d  c o l o r  s t a b i l i t y  a n d  good 
shelflife.
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Fig.l: Variation of the chemical character 1 3 tics.
— — — — • Initial nitrite:30 mg/kg; Residual pressure^ hPa.
■' Initial nitrite: 30 mq/kq; Residual pressure:125 hPa.
----------  Initial nitrite«150 mg/kg; Residual preaaure:5 hPa.-- Initial nitrite:150 mg/kg; Residual presaure:125 hPa
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Fig.2: Variation of the color characteristics
—  ------  Initial nitrite:30 mg/kg; Residual pressure:5 hPa.
" Initial nitrite:30 mg/kg; Residual pressure:125 hPa.
---------  Initial nitrite:150 mg/kg; Residual pressure:5 hPa.
—  • —  • —  ' initial nitrite:150 mg/kg; Residual presaure:125 hPa
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Fig.3: Reflectance spectra

645




