








A L L -U N IO N  RESEARCH  IN S T IT U T E  OF THE MEAT INDUSTRY

U S S R

e f f e c t  o f  m y o g l o b i n  i r o n  c o n t e n t  o f  m u s c u l a r  t i s s u e

ON THE CONCENTRATION OF N IT R O S  OMYOGLOBIN IN  THE 
PRO CESS  OF T I S S U E  CURING

I s k a n d a r y a n  A .K ,

I n  e a r l i e r  w o r k s  ( I , 2 , 3 , 4 , 5 )  on s t u d y i n g  w ays o f  

p o r k  c u r i n g  i n t e n s i f i c a t i o n  and im provem ent  o f  c u re d  

p o r k  q u a l i t y  we show ed  t h a t  a p o s s i h i l i t y  e x i s t s  to  

h a s t e n  th e  p r o c e s s  o f  c u r i n g  and to  o b t a i n  a c u re d  p r o ­

d u c t  w i t h  ham p r o p e r t i e s  p r o v i d e d  the  meat i s  s u b j e c t e d  

to  a u t o l y s i s  b e f o r e h a n d  and  the  c u r i n g  i s  c a r r i e d  out 

u n d e r  c o n d i t i o n s  f a v o u r a b l e  f o r  the  d e ve lo p m e n t  and 

P r e s e r v a t i o n  o f s u i t a b l e  m i c r o f l o r a  i n  the  b r i n e .  These  

s t u d i o s  a s  w e l l  a s  the  s t u d i e s  o f  o t h e r  a u t h o r s  on a d d in g  

i n t o  b r i n e s  p h o s p h a t e s  ( 7 , 8 , 9 , 1 0 ) ,  a s c o r b i c  a c i d  and i t s  

d e r í v a t e  s ( I I , 1 2 , 1 3 , 1 4 , 1 5 , 1 6 , 1 7 , 1 8 , 1 9 , 2 0 )  r e f l e c t  the  

i n f l u e n c e  o f  e x t e r n a l  f a c t o r s  on the  p r o c e s s  o f  meat 

c u r i n g .  B u t  s t u d i e s  on the  meat q u a l i t y  a s  a f f e c t e d  by 

i n t r a v i t a l  c h a n g e s  o f  c h e m ic a l  and b io c h e m ic  1 c o m p o s i ­

t i o n  o f  a n im a l  m u s c u l a r  t i s s u e  b e gan  c o m p a r a t i v e l y  r e ­

c e n t l y .  F o r  e xam p le ,  '/ i s m e r - P e d e r s e n  ( 2 1 , 2 2 , 2 3 )  show ed 

i n  h i s  p a p e r  t h a t  the  q u a l i t y  o f  b a co n  c an  be im p ro ve d  

hy  a d d in g  s u g a r  to  p i g  r a t i o n s .  A c c o r d i n g  to  o t h e r  

a u t h o r s  ( 2 4 )  the  c o l o u r  o f  m u s c u la r  t i s s u e  i s  more 

i n t e n s e  when p i g s  r e c e i v e d  m a ize  and b a r l e y  i n  the  

n a t i o n .



V 3 0

The m y o g lo b in  c o n t e n t  o f  m u s c u la r  t i s s u e  can  be 

c h a n g e d  a r t i f i c i a l l y .  I t  i s  know t h a t  the  p h y s i o a l  

t r a i n i n g  o f  m u s c le s  r e s u l t s  i n  the  a c c u m u la t io n  o f  

r n y o g lo b in  i n  them ( 2 5 ) .  The i n c r e a s e  o f  the  m y o g lo b in  

c o n t e n t  o f  m u s c le s  i s . a l s o  a f f e c t e d  by i r o n  i o n s  i n  

¿ r a i n  and  o t h e r  f e e d s .  T h e r e f o r e ,  m ethods o f  f e e d i n g  

s u c k e r s  w i t h  i r o n  c i t r a t e  ( 2? )  and c a l v e s  w i t h  i r o n  

s u l p h a t e  ( 2 8 )  were d e s c r i b e d .  A c c o r d in g  to  th e se  d a ta  

the  a d d i t i o n  o f  i r o n  i o n s  to  a n im a l  f e e d  i n c r e a s e s  the  

i n t e n s i t y  o f  m u sc le  c o l o u r ,  J a c o b so n  and F e n to n  ( 2 8 )  

a s s e r t e d  t h a t  the  i n c r e a s e  o f  the  i n t e n s i t y  o f  m u sc le  

t i s s u e  c o l o u r  depend s  on the  i n s r e a s e  o f  t o t a l  i r o n  

c o n t e n t  o f  t h i s  t i s s u e ,

We f o u n d  t h a t  t h e r e  a re  no d a ta  i n  the  l i t e r a t u r e  

c o n c e r n i n g  th e  i n f l u e n c e . o f  i r o n y  com pounds on the  

p o r k  c o l o u r  a f t e r  c u r i n g .

To a f f e c t  the  chan ge  o f  the  i n t e n s i t y  o f  meat c o ­

l o u r  i n  the  c u re  i t  i s  im p o r t a n t  to  d e te rm in e  the  co n ­

t e n t  o f  i r o n  i o n s  o f  m y o g lo b in  m o le c u le s  r a t h e r  t h a n  

t o t a l  c o n t e n t  o f  i r o n  i o n s  i n  m u s c u la r  t i s s u e s ,  s i n c e  

th e  p ig m e n t  n i t r o s o m y c g l o b i n ,  w h ic h  i s  p r o d u c e d  i n  the  

c u r i n g ,  i s  the  p r o d u c t  o f  the  r e a c t i o n  o f  m y o g lo b in  

M o l e c u l e s  i r o n  i o n s  w i t h  n i t r i c  o x id e  ( 2 6 ) ,  T h e r e f o r e ,  

b e f o r e  s o l v i n g  the  p ro b le m  o f  the  i n f l u e n c e  o f  i r o n y  

com pounds on the  c o l o u r  o f  c u re d  p o r k  i t  i s  n e c e s s a r y  

t o  f i n d  ou t  how the  m y o g lo b in  i r o n  c o n t e n t  o f  m u s c u la r  

t i  s s u e  a f f e c t s  the  n i t r o s o m y c g lo b in  c o n c e n t r a t i o n  i n  

the  p r o c e s s  o f  c u r i n g .

When s o l v i n g  t h i s  p ro b le m  we p r e p a r e d  m y o g lo b in  

s o l u t i o n  by  the  m ethod  o f  W.Bowen ( 2 9 ) .  The a d v a n ta g e  

o f  t h i s  m ethod  o v e r  the  w e l l - k n o w n  m ethod  o f  T h e e r e l l  

( 3 0 )  i s  i t s  s i m p l i c i t y  and  a go o d  y i e l d  o f  m y o g lo b in  

s o l u t i o n ,  The d e t e r m in a t i o n  o f  the  i r o n  c o n t e n t  i n  the  

M y o g l o b i n  s o l u t i o n  p r o d u c e d  was made by  the  same 06  -  

¿ i p y r i d y l  m ethod  o f  D e l o r y  ( 3 1 ) , u se d  by  Bowen ( 2 9 ) .

To p ro d u c e  m y o g lo b in  s o l u t i o n  by the  B o w e n 's
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m ethod  ( 2 9 )  we c u t  meat sa m p le s  ( w i t h o u t  f a s c i a e  and 

f a t )  o f  5 0 0 - 6 0 0  g o f  w e ig h t  f ro m  l o i n s  ( l o n g i s s i m u s  

d o r s i )  o f  t h r e e  r e c e n t l y  s l a u g h t e r e d  p i g s  and th re e  

b e e f  c a r c a s s e s .  Then  the  sa m p le s  were im m e d ia t e l l y  

d ip p e d  i n t o  0 , 8 5 %  so d iu m  c h l o r i d e  s o l u t i o n  c h i l l e d  to  

2°C. I t  v/as done f o r  r e m o v in g  r e m a in in g  b l o o d  from  

t i s s u e s  and  p r e v e n t i n g  m y o g lo b in  f ro m  o x i d i z i n g  i n t o  

m e t ra y o g lo b in  by  the  a i r  \ o x i g e n .  Then  1 0 0 -1 5 0  g p i e c e s  

o f  meat were  c u t  f ro m  e v e r y  sam ple  f o r  p o s t e r i o r  c u r i n g ,  

and  th e  r e m a in i n g  b i g  p i e c e s  o f  meat were u se d  f o r  p r e ­

p a r i n g  m y o g lo b in  s o l u t i o n  a c c o r d in g  to  the  B o w e n 's  

m ethod  ( 2 9 ) .

To d e te rm in e  i r o n  i n  p o r k  we to o k  I  ml o f  the p r e ­

p a r e d  m y o g lo b in  s o l u t i o n ,  and i n  the  c a se  o f  b e e f  

2 , 5  m l. The c o n t e n t  o f  i r o n  was c a l c u l a t e d  by the  d ry  

w e ig h t  o f  m y o g lo b in ,  o b t a in e d  by r e d u c i n g  to  the  

c o n s t a n t  w e ig h t  u n d e r  vacuum  i n  an e x s i c c a t o r  c o n t a i n ­

i n g  p h o s p h o r o u s  p e n t o x id e .

The r e s u l t s  o f  the  d e t e r m in a t i o n  o f  i r o n  i n  p o r k  

and b e e f  m y o g lo b in  a re  shown i n  T a b le  I .
T a b le  I

Q u a n t i t y  o f  i r o n  i n  m y o g lo b in  o f  l o i n s  o f  b e e i  

and  p o r k  c a r c a s s e s

Number o f  
p a r a l l e l

: B e e f  l o i n
•
• r o r x  -to in

! Q u a n t i t y  o f  m y o g lo b in  i r o n  ( % )

I ; 0 , 3 1 8 ¿ ? 4  ; 0 , 3 1 7

2 0 , 3 3 1 t : 0 , 3 2 5

3 ; 0 , 3 4 4 i f f  ; 0 , 3 4 5

*
The q u a n t i t y  o f  i r o n  i n  h e m o g lo b in  i s  n o t  t a k e n  
i n t o  a c c o u n t  s i n c e  i n  a b l o o d l e s s  m u sc le  more 
t h a n  95%  o f  the  t o t a l  i r o n  i s  i n  m y o g lo b in  ( 2 6 ) .



Ac i t  i s  show n i n  T a b le  I  the  c o n t e n t  o f  m y o g lo -  

b i n  i r on i n  b e e f  l o i n  i s  a p p r o x im a t e l y  tw ic e  a s  l a r g e  

a s  t h a t  o f  p o r k  l o i n  ( t h e  a n a l y s i s  r a t i o  o f  the  b e e f  

m y o g l o b in  s o l u t i o n  t o  the  p o r k  m y o g lo b in  s o l u t i o n  was 

2 : 1 ) ,  i . e ,  the  q u a n t i t y  o f  m y o g lo b in  i n  the  b e e f  

s a m p le s  w as a lm o s t  t w ic e  a s  l a r g e  a s  t h a t  o f  the  p o r k  

s a m p le s .

The d a t a  show n i n  F a b le  I  c o n f i r m  the  w e l l - k n o w n  

f a c t  t h a t  the  c o n t e n t  o f  i r o n  i n  m y o g lo b in  o f  d i f f e r e n t  

a n im a l s  h a s  the  same v a l u e  ( 2 3 ) .

L a t e r  e x p e r im e n t s  on meat c u r i n g  were c a r r i e d  out 

i n  w h ic h  th e  q u a n t i t y  c o n t e n t  o f  m y o g lo b in  i r o n  was de­

t e r m in e d  by  th e  above  d e s c r i b e d  method. The a im  o f  

t h e s e  e x p e r im e n t s  was t o  f i n d  o u t  how th e  c o n t e n t  o f  

m y o g l o b in  i r o n  i n  th e  t i s s u e  t o  be c u re d  a f f e c t s  the  

c o n c e n t r a t i o n  o f  the  n i t r o s o m y o g l o b i n  a p p e a r i n g  i n  

c u r i n g .

F o r  t h i s  a im  p i e c e s  o f  l o i n  ( f r o m  the  sa m p le s  i n  

w h ic h  the  c o n t e n t  o f  m y o g lo b in  i r o n  was d e te rm in e d )  

were  s u b j e c t e d  t o  a 24 h o u r s  a u f o l y s i s .  Then  th e y  were 

d ip p e d  i n t o  th e  b r i n e  c o n t a i n i n g  20% o f  so d iu m  c h l o r i d e  

and  0 , 0 5 %  o f  so d iu m  n i t r i t e  to  the  w e ig h t  o f  the  b r i n e ,  

The r a t i o  o f  the  w e ig h t  o f  the  meat and the  w e ig h t  o f  

th e  b r i n e  was 1 : 1 *  The c u r i n g  l a s t e d  5  d a y s .  The tem­

p e r a t u r e  o f  the  b r i n e  was a b o u t  15°C . A f t e r  c u r i n g  the  

c u r e d  meat was k e p t  f o r  1 , 5  h o u r  i n  a  r e f r i g e r a t o r  a t  

a b o u t  2°C f o r  d r a i n i n g .  Then  the  c u re d  meat was com­

m in u t e d  i n  an i c e - c o o l e d  g r i n d e r .  The com m inu ted  meat 

was c o l l e c t e d  i n t o  c h e m ic a l  g l a s s e s  w h ic h  w ere  a l s o  

i c e - c o o l e d .  The c o o lo n g  was made to  p r e v e n t  m y o g lo b in  

f ro m  b e i n g  o x i d i z e d  i n t o  m e tm y o g lo b in  w i t h  a i x  o xyg e n ,  

T h e n ,  5 g  o f  m in ce d  meat were t a k e n  f ro m  e a ch  sam ple  

and  p l a c e d  i n t o  a d i v i d i n g  f u n n e l  w i t h  a c a p a c i t y  o f  

50 m l w i t h  a g r o u n d  g l a s s  s t o p p e r .  The e x t r a c t i o n  was 

made two t im e s  by  a d d in g  i n t o  e ach  f u n n e l  25 ml o f
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e t h y l  a l c o h o l  c o o le d  down to  4°C * .  A f t e r  an i n t e n s e  

m i x i n g  f o r  5 - 6  m in u t e s ,  the  f i l t r a t i o n  o f  t h e . a l c o h o l  

e x t r a c t  w as made i n  an  i c e - c o o l e d  f u n n e l  ( 3 2 ) ,  The 

f i l t r a t e  o f  n i t r o s o m y o g l o b i n  was c o l l e c t e d  i n t o  an 

i c e - c o o l e d  c h e m ic a l  g l a s s ;

The d e t e r m in a t i o n  o f  the  c o n c e n t r a t i o n  o f  nitrn- 
s o m y o g l o b in  i n  c u re d  b e e f  and c u re d  p o r k  e x t r a c t s  was 

made by  a c o l o r i m e t e r  metli d by c o m p a ra t iv e  e s t im a - .  

ta-on o f  th e  o p t i c a l  d e n s i t y  o f  each  a l c o h o l  e x t r a c t ,  

i^xth t h i s  a im  the  e l e c t r i c  p h o t o c o l o r im e t e r  FEK -M  was 

u s e d .  A g r e e n  h e l i o f i l t e r  was u se d ,  To d e te rm in e  the  

1 l u e  o f  the  o p t i c a l  d e n s i t y  o f  the  e x t r a c t s  and the 

z e r o  p o i n t  o f  the  g a l v a n o m e t e r  the  a b s o l u t e  e t h y l  alcofe 

u o l  w as u se d *

The d e t e r m in a t i o n  o f  the  o p t i c a l  d e n s i t y  o f  the 

b e e f  n i t r o s o m y o g l o b i n  e x t r a c t  was made d i l u t i n g  i t  

t w o f o ld  w i t h  the  e t h y l  a l c o h o l .

The r e s u l t s  o f  th e  p h o t o c o l o m e t r i c  a n a l y s i s  a re  

show n i n  T a b le  2.

T a b le _ 2

V a l u e s  o f  the  o p t i c a l  d e n s i t y  o f  a l c o h o l

e x t r a c t s  of c u re d  b e e f  and p o r k  n i t r o s o m y o g l o b i n

lu m b e r s  o f  p a r a l ­

l e l  s a m p le s

B e e f  P e r k

O p t i c a l  d e n s i t y

1 2,0 Y,o 1,7
2 2 ,3  ^  2 ,0

3 2 , 3  3 , 0

T a k e n  i n t o  a c c o u n t  the  f a c t  t h a t  the  e x t r a c t  o f  

b e e f  n i t r o s o m y o g l o b i n  was d i l u t e d  t w o f o ld  p r i o r  to  

_ c o l c r im e t e r i n g ,  the  c o n c e n t r a t i o n  o f  c u r e d  b e e f__

The e x t r a c t i o n  o f  n i t r o s o m y o g l o b i n  i s  made by  the  

a b s o l u t e  e t h y l  a l c o h o l  w i t h  the  r a t i o  o f  the  

a l c o h o l  t o  m in ce d  meat 5 : 1 , ( 3 2 ) .
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n i t r o s o m y o g l o b in ,  a s  i s  shown i n  T a b le  2, i s  abou t  

t w iQe a s  h i g h  a s  t h a t  of  c u re d  p o r k  n i t r o s o m y o g l o b i n .  

The c o m p a t i s o n  o f  the  r e s u l t s  shown i n  T a b le s  1 

and  2 a l l o w s  u s  to  make the  c o n c l u s i o n  t h a t  the  con ­

c e n t r a t i o n  o f  n i t r o s o m y o g l o b i n  i n  b e e f  c u re d  und e r  

th e  same c o n d i t i o n s  de p e n d s . on the  c o n t e n t  o f  m y o g lo -

__^ l n  i r o n  i n  m uscu l a r  t i s s u e ,  T h u s ,  by c h a n g in g  the

c o n c e n t r a t i o n  o f  m y o g lo b in  i r o n  i n  m u s c u la r  t i s s u e  i t  

i s  p o s s i b l e  t o . o b t a i n  a c u re d  p r o d u c t  w i t h  the  de­

s i r a b l e  c o l o u r .  The h i g h e r  m y o g lo b in  i r o n  c o n t e n t  i n  

m u s c u l a r  t i s s u e ,  the  h i g h e r  n i t r o s o m y o g l o b i n  conce n ­

t r a t i o n ,  and v i c e  v e r s a ,  the  lo w e r  m y o g lo b in  i r o n

c o n c e n t r a t i o n ,  the  l o w e r  n i t r o s o m y o g l o b i n  c o n c e n t r a ­
t i o n ,

T h i s  p a p e r  may s e r v e  a s  a s u b s t a n t i a t i o n  o f  depen­

dence  be tw een  i n t e n s i t y  o f  m u s c u la r  t i s s u e  c o l o u r  and 

c o n t e n t  o f  i r o n y  com pounds i n  f e e d s  w h ic h  a re  f e d  to  

a n im a l s  o f  c e r t a i n  age and f i n i s h .

C o n c l u s i o n s

1. T h e re  i s  a d i r e c t  dependence  betw een  the  co n ­

c e n t r a t i o n  o f  n i t r o s o m y o g l o b i n  i n  c u re d  meat and the  

c o n t e n t  o f  m y o g lo b in  i r o n  i n  m u s c u la r  t i s s u e ,

2, When c u r i n g  b e e f  and  p o r k  u n d e r  the  same cond is?  

t i c n s  the  c o n c e n t r a t i o n  o f  c u re d  b e e f  n i t r o s o m y o g l o b i n  

i s  a b o u t  tw ic e  a s  h i g h  a s  the  c o n c e n t r a t i o n  o f  c u re d  

p o r k  n i t r o s o m y o g l o b i n .
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