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M y o g lo b in , H e m o g lo b in  and  I r o n  i n  B o v in e  and P o r c in e  M u s c le

R . HAMM and  K .  BU EN N IG

I n s t i t u t  f ü r  C h e m ie  und P h y s i k ,  B u n d e s a n s t a l t  f ü r  F l e i s c h f o r s c h u n g ,  

K u lm b a c h , G e rm a n y  (B R D )

I n t r o d u c t io n

M y o g lo b in  i s  r e g a r d e d  a s  t h e  m a in  m u s c le  p ig m e n t  w h ic h  im p a r t s  t o  
m eat i t s  t y p i c a l  c o l o r s .  H o w e v e r , i n  t h e  l i t e r a t u r e  d a t a  h a v e  b een  
r e p o r t e d  a g a in  and  a g a in  i n d i c a t i n g  t h a t  i n  t h e  s k e l e t a l  m u s c le  o f  
w e l l  e x s a n g u in a t e d  s l a u g h t e r  a n im a ls  3 0  t o  5 0  % o f  t h e  t o t a l  p ig m e n t  
i s  p r e s e n t  a s  h e m o g lo b in  ( e . g .  1 , 2 , 3 ) .  T h e r e f o r e ,  a th o ro u g h  a n a l y s i s  
o f  b o th  p ig m e n t s ,  m y o g lo b in  and  h e m o g lo b in , i n  t h e  s k e l e t a l  m u s c le  

o f  p ig s  and  c a t t l e  seem ed  t o  be n e c e s s a r y .  M o d e l e x p e r im e n t s  f o r  
s t u d y in g  t h e  d i s c o l o r a t i o n  o f  m e a t a r e  o f t e n  c a r r i e d  o u t  w i t h  a s o ­
l u t i o n  o f  p u re  m y o g lo b in .  I f  t h e  m e a t r e a l l y  c o n t a in s  r e m a r k a b le  
a m o u n ts  o f  h e m o g lo b in , t h i s  s h o u ld  be c o n s id e r e d  i n  s u c h  m o d e l e x ­
p e r im e n t s  b e c a u s e  t h e  c h e m ic a l  and  p h y s i c a l  p r o p e r t i e s  o f  h e m o g lo b in  

a r e  so m ew h at d i f f e r e n t  fro m  t h o s e  o f  m y o g lo b in .

A n o t h e r  p ro b le m  w h ic h  i n t e r e s t e d  u s  i n  c o n n e c t io n  w i t h  t h e s e  s t u d i e s  
on m u s c le  p ig m e n ts  w as t h e  d i s t r i b u t i o n  o f  i r o n  w i t h i n  t h e  m u s c le  
t i s s u e .  M any y e a r s  ag o  we o b s e r v e d  t h a t  a p p a r e n t l y  a c o n s id e r a b le  

p r o p o r t io n  o f  t h e  m u s c le  i r o n  c a n n o t  be bound t o  t h e  heme p ig m e n ts  
( 4 ) .  I f  t h i s  i s  t r u e ,  th e n  t h e  q u e s t io n  a r i s e s  o f  w h e t h e r  i t  i s  
j u s t i f i e d  to  d e t e r m in e  t h e  i r o n  c o n t e n t  i n s t e a d  o f  t h e  m y o g lo b in  
c o n t e n t  a s  i s  s o m e t im e s  t h e  p r a c t i c e  i n  t h e  f i e l d  o f  a n im a l  s c i e n c e .

I n  o r d e r  t o  a n s w e r  t h e s e  q u e s t i o n s ,  t h e  f o l l o w in g  e x p e r im e n t s  w e re  

c a r r i e d  o u t  w i t h  t h e  sam e m u s c le  t i s s u e :

1 )  D e t e r m in a t io n  o f  t h e  t o t a l  heme c o n t e n t  w h ic h  i n c lu d e s  m y o g lo b in , 
h e m o g lo b in  and  m in o r  a m o u n ts  o f  o t h e r  heme co m pounds s u c h  a s  

c y t o c h r o m e s .

2 )  Q u a n t i t a t i v e  s e p a r a t io n  and  d e t e r m in a t io n  o f  m y o g lo b in  and  hemo­

g lo b in  by s e p h a d e x  c h r o m a t o g r a p h y .
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3 )  I s o l a t i o n  o f  p u re  m y o g lo b in  fro m  t h e  t i s s u e  and  p u re  h e m o g lo b in  
fro m  t h e  s l a u g h t e r  b lo o d  o f  t h e  sam e a n im a l .

4 )  D e t e r m in a t io n  o f  t h e  i r o n  c o n t e n t  o f  t h e  t i s s u e ,  t h e  b lo o d  and  
t h e  i s o l a t e d  p ig m e n t s  (m y o g lo b in  and  h e m o g lo b in ) .

M eth o d s

F o r  t h e  d e t e r m in a t io n  o f  t h e  t o t a l  heme c o n t e n t  o f  t h e  t i s s u e  t h e  
m ethod  o f  HORNSEY a s  p r e v i o u s l y  s l i g h t l y  m o d if ie d  ( 5 )  w as u s e d .

T h e  s e p a r a t io n  and  q u a n t i t a t i v e  d e t e r m in a t io n  o f  m y o g lo b in  and  hemo­
g lo b in  w e re  c a r r i e d  o u t  b y  c h r o m a to g r a p h y  o f  t h e  w a t e r y  m u s c le  e x t r a c t  
on a co lu m n  w i t h  S e p h a d e x  G 7 5 - s u p e r f i n e ,  r e c o r d in g  o f  t h e  a b s o r p t io n  
o f  t h e  e lu a n t  a t  4 1 0  nm, and  e v a l u a t i o n  a c c o r d in g  t o  t h e  m ethod  o f  
BU EN N IG  ( 6 , 7 ) .  F i g .  1 sh o w s t h e  good s e p a r a t io n  o f  m y o g lo b in  and hemo­
g lo b in  o b t a in e d  b y  t h i s  p r o c e d u r e .  T h e  c h r o m a t o g r a p h ic  i s o l a t i o n  o f  
m y o g lo b in  p r e p a r a t io n s  fro m  t h e  t i s s u e s  and  o f  h e m o g lo b in  fro m  t h e  
b lo o d  s a m p le s  w as c a r r i e d  o u t  u s in g  t h e  p r o c e d u r e  o f  BU EN N IG  and 
HAMM ( 7 ) .

L i £ b _ _ l : S e p a r a t io n  o f  M e tm y o g lo b in  (M etM b ) and  M e th e m o g lo b in  (M e t f lb )  
b y  s e p h a d e x  c h r o m a t o g r a p h y . V .̂ = v o lu m e  o f  t h e  e l u a n t .
C y t . c  = c y to c h ro m e  c .
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T h e  i r o n  c o n t e n t  o f  t h e  t i s s u e ,  t h e  b lo o d  and  t h e  p r e p a r a t io n  o f  

m y o g lo b in  and  h e m o g lo b in  w as d e t e r m in e d  a f t e r  d i g e s t i o n  o f  t h e  s a m p le  
i n  p e r c h l o r i c  a c id - H 2 0 2  b y  a  s l i g h t l y  m o d if ie d  s u l f o s a l y c i l i c  a c id  
p r o c e d u r e  ( 8 ) .

R e s u l t s  and  D i s c u s s i o n

T h e  lo n g i s s im u s  d o r s i  m u s c le  o f  n o r m a l l y  e x s a n g u in a t e d  c a t t l e  c o n ­
t a in e d  o n ly  s m a l l  a m o u n ts  o f  h e m o g lo b in  e q u a l  t o  a b o u t  3 - 6  p e r c e n t  o f  
t h e  t o t a l  p ig m e n t  ( T a b l e  1 )  w h ic h  i s  c o n t r a r y  t o  h e a r t  m u s c le  i n  w h ic h  
we fo u n d  a b o u t  5 0  % o f  t h e  t o t a l  p ig m e n t  a s  h e m o g lo b in . T h e  h e m o g lo b in  
c o n t e n t  o f  t h e  lo n g i s s im u s  d o r s i  m u s c le  o f  p ig s  r a n g e d  b e tw e e n  3 and  

12 % o f  t h e  t o t a l  p ig m e n t  ( T a b le  1 ) .  A  h ig h e r  h e m o g lo b in  c o n t e n t  ( 1 5 .8  %)  
w as fo u n d  i n  t h e  p s o a s  m u s c le  o f  t h e  p ig .

We c o n c lu d e  fro m  t h i s  r e s u l t  t h a t  h e m o g lo b in  c o n t e n t s  i n  t h e  s k e l e t a l  
m u s c le  o f  3 0  % o r  m ore  o f  t h e  t o t a l  p ig m e n t , w h ic h  a r e  r e p o r t e d  i n  t h e  

l i t e r a t u r e ,  a r e  c a u s e d  b y  t h e  u s e  o f  i n a c c u r a t e  p r o c e d u r e s .T h e  m e th o d s 
u se d  m o st f o r  d e t e r m in a t io n  o f  m y o g lo b in  and  h e m o g lo b in  i n  t i s s u e  a r e  
b a s e d  on a p h o t o m e t r ic  d e t e r m in a t io n  o f  a l l  heme p ig m e n ts  i n  w a t e r y  
o r  b u f f e r e d  e x t r a c t s  a f t e r  t h e i r  t r a n s f o r m a t io n  t o  C N - , C 0 - ,  0 2 -  o r  

M e t - d e r i v a t i v e s ,  w h ic h  g i v e s  t h e  v a lu e  o f  t o t a l  p ig m e n t s .  A f t e r  e l i m i ­
n a t io n  o f  o t h e r  a c c o m p a n y in g  p r o t e i n s  -  b y  p r e c i p i t a t i o n  w i t h  le a d  
a c e t a t e  -  and  o f  h e m o g lo b in  i n  3 M p h o s p h a te  b u f f e r  a t  pH 6 . 0 ,  t h e  
c o n t e n t  o f  t h e  r e m a in in g  heme p r o t e i n  i s  d e t e r m in e d  and  r e g a r d e d  a s  
t h e  " m y o g lo b in  c o n t e n t " .  I t  s u r p r i s i n g  t h a t  t h i s  t y p e  o f  " d i f f e r e n c e  
p r o c e d u r e "  i s  s t i l l  b e in g  u se d  c o n s id e r i n g  t h a t  a l r e a d y  i n  1 9 5 4  G IN G ER  
W ILSON and  SC H W EIG ER T  ( 9 )  sh o w ed  t h a t  d u r in g  t h e  p r e c i p i t a t i o n  o f  
h e m o g lo b in  m y o g lo b in  i s  a l s o  c o - p r e c i p i t a t e d  i n  v a r i a b l e  a m o u n ts  and  
t h i s  o b s e r v a t io n  h a s  b een  c o n f ir m e d  b y  s e v e r a l  o t h e r  a u t h o r s .

T a b le  1 . M y o g lo b in  and h e m o g lo b in  c o n t e n t s  i n  t h e  s k e l e t a l  m u s c le  
o f  s l a u g h t e r  a n im a ls

s p e c i e s m y o g lo b in  c o n t e n t  
m g /1 0 0  g w e t  t i s s u e

h e m o g lo b in  c o n t e n t  
m g /1 0 0  g w e t t i s s u e

h e m o g lo b in  a s  t h e  % ! 
o f  t h e  sum o f  b o th  
heme co m pounds

p i g * ) 1 5 4 .0 2 9 .0 1 5 .8
p ig 1 1 7 .9 6 . 7

o
•

CO

p ig 8 6 .6 8 .1 8 .6
p ig 8 6 .9 8 . 0 8 . 4

p ig 6 9 .8 9 . 9 1 2 .4

c a t t l e 2 9 7 .2 1 1 .1 3 .6
c a t t l e 2 8 4 .5 1 7 .4 5 .8
c a t t l e 4 0 0 .5 1 9 .7 4 . 7  |

“  ' -----------— --------- ------ — ----- - „ .......
P s o a s  m u s c le ;  a l l  t h e  o t h e r  s a m p le s :  L o n g is s im u s  d o r s i  m u s c le .
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T a b le  2 sh o w s t h e  d i s t r i b u t i o n  o f  i r o n  i n  t h e  m u s c le  t i s s u e .  T h e  t o t a l  
heme i r o n  w as c a l c u l a t e d  fro m  t h e  t o t a l  heme c o n t e n t .  T h e  i r o n  v a lu e s  
f o r  m y o g lo b in  and  h e m o g lo b in  f o l l o w  fro m  t h e  q u a n t i t a t i v e  d e t e r m in a t io n  
o f  b o th  p ig m e n ts  b y  s e p h a d e x  c h r o m a to g r a p h y  and  fro m  t h e  i r o n  c o n t e n t s  
o f  t h e  i s o l a t e d  p ig m e n t s .

T h e  v a lu e s  o f  t o t a l  i r o n  c o r r e s p o n d e d  n e a r l y  t o  t h e  sum o f  m y o g lo b in  and 
h e m o g lo b in  i r o n  (7 2  -  1 0 0  % ) .  T h i s  good c o r r e s p o n d e n c e  i n d i c a t e s  t h a t  t h e  
m e th o d s  u se d  a r e  r e l i a b l e .  I n  p o r c in e  m u s c le  a b o u t  2 6  % and  i n  b o v in e  
m u s c le  a b o u t  58  % o f  t h e  t o t a l  i r o n  v ía s  fo u n d  bound t o  m y o g lo b in .

C o n t r a r y  t o  d a t a  r e p o r t e d  i n  t h e  l i t e r a t u r e  o n l y  0 .7 5  %  ( p o r c in e  m u s c le )  
and  0 .7 4  /-> ( b o v in e  m u s c le )  o f  t h e  t o t a l  i r o n  w as fo u n d  a s  h e m o g lo b in  i r o n .

W h e re a s  i n  th e  b lo o d  o f  t h e  a n im a ls  i n v e s t i g a t e d  9 7  t o  9 9  % o f  t h e  t o t a l  
i r o n  w as p r e s e n t  a s  heme i r o n ,  i n  t h e  s k e l e t a l  m u s c le  t h i s  p r o p o r t io n  w as 
much lo w e r .  T h e  n o n -h em e i r o n  c o n t e n t  w as a s  h ig h  a s  6 8  % o f  t h e  t o t a l  
i r o n  i n  p o r c in e  m u s c le s  and  2 9  % i n  b o v in e  m u s c le s .  T h e  t y p e  o f  b in d in g  
o f  t h i s  n o n —heme i r o n  and  i t s  p h y s i o l o g i c a l  r o l e  a r e  n o t  y e t  e x a c t l y  
kn o w n . I t  i s  im p r o b a b le  t h a t  t h i s  i r o n  i s  bound  t o  heme co m pounds w h ic h  
a r e  n o t  d e t e r m in e d  b y  t h e  m etho d  u s e d .  A s we fo u n d  i n  e a r l i e r  w o rk  ( 4 , 1 0 ) ,  
no f r e e  i r o n  io n s  a r e  p r e s e n t  i n  m u s c le  t i s s u e ;  and  i n  b o v in e  m u s c le  
2 8  % o f  t h e  t o t a l  i r o n  w as n o t  bound  t o  s o lu b le  p ig m e n ts  b u t  t o  myo­
f i b r i l l a r  p r o t e i n s .  T h i s  v a lu e  i s  i n  good a g re e m e n t  w i t h  t h e  non-hem e 
i r o n  c o n t e n t  o f  b o v in e  m u s c le  r e p o r t e d  h e r e  ( 2 9  % ) .

T a b le  2 .  D i s t r i b u t i o n  o f  i r o n  w i t h i n  t h e  m u s c le  t i s s u e

s p e c i e s j t o t a l  i r o n  
m g /1 0 0  g
w e t  t i s s u e

i r o n  c o n t e n t  a s  % o f  t h e  t o t a l i r o n m y o g lo b in  
c o n t e n t  
m g /1 0 0  g 
w e t t i s s u e

t o t a l  
heme i r o n

non -h em e 

i r o n ( F e  
fro m  c y t o ­

c h ro m e s

h e m o g lo b i
i r o n

n |m y o g lo b in  
i r o n

i
• * )  

p ig  ' 1 .7 4 3 7 .4 1 6 2 .5 9 1 .5 0 2 8 .3 5 1 5 4 .0

p ig 0 .8 6 4 3 .9 5 6 5 .0 5 0 .6 2 3 8 .9 5 1 1 7 .0

p ig 0 .9 2 2 5 .9 8 7 4 .0 2 0 .7 4 2 3 .0 5 8 6 . 6

p ig 1 .0 1 2 3 .1 6 7 9 .4 1 0 .6 9 2 2 .4 7 8 6 .9

p ig 0 .8 6 2 7 .2 0 7 2 .8 0 0 .9 4 2 1 .3 9 6 9 .8

c a t t l e 1 .7 8 6 7 .9 7 3 2 .0 3 0 .5 5
i

5 1 .0 9 2 9 7 .2
c a t t l e 1 .6 9 7 1 .0 1 2 8 .9 3 0 .8 9 6 3 .9 6 2 8 4 .5
c a t t l e 1 .9 2 7 3 .5 4 2 6 .4 6 0 .8 7 6 3 .1 2 4 0 0 .5

* )
T s o a s  m u s c le ;  a l l  t h e  o t h e r  s a m p le s :  L o n g is s im u s d o r s i  m u s c le .
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T a b le  2  a l s o  g i v e s  some in f o r m a t io n  on t h e  r e l a t i o n s h i p  b e tw e e n  t o t a l  
i r o n  and m y o g lo b in  c o n t e n t s .  T h e  p s o a s  m u s c le  o f  p ig  w i t h  i t s  r e l a t i v e l y  
h ig h  m y o g lo b in  c o n t e n t  a l s o  h ad  a h ig h  i r o n  c o n t e n t .  H o w e v e r , i n  t h e  
l o n g i s s im u s  d o r s i  m u s c le s  o f  p ig s  t h e  m u s c le  w i t h  t h e  h ig h e s t  m y o g lo b in  

c o n t e n t  ( 1 1 7  m g /1 0 0  g )  sh o w ed  t h e  lo w e s t  i r o n  c o n t e n t  ( 0 . 8 6  m g /1 0 0  g ) .  
F o r  t h e  l o n g i s s im u s  d o r s i  m u s c le  o f  c a t t l e  a c l o s e r  r e l a t i o n s h i p  b e ­
tw e e n  i r o n  c o n t e n t  and  m y o g lo b in  c o n t e n t  se em s t o  e x i s t .  B u t  a s  t h e s e  
r e s u l t s  show  i t  i s  n o t  j u s t i f i e d  t o  a c c e p t  £  p r i o r i  t h a t  w i t h  an i n ­
c r e a s e d  m y o g lo b in  c o n t e n t  i n  t h e  m u s c le  t i s s u e  t h e  i r o n  c o n t e n t  a l s o  
i s  in c r e a s e d  c o r r e s p o n d in g ly .

A P P EN D IX

T h e  s e p a r a t io n  and  q u a n t i t a t i v e  d e t e r m in a t io n  o f  m y o g lo b in  and hemo­
g lo b in  b y  co lu m n  c h ro m a to g ra p h y  on s e p h a d e x  i s  much to o  t im e  c o n s u m in g  
f o r  s t u d y in g  t h e  m y o g lo b in / h e m o g lo b in  p r o p o r t io n  i n  a  g r e a t  v a r i a t i o n  

o f  d i f f e r e n t  m u s c le s  and  s p e c i e s  and  f o r  i n v e s t i g a t i o n  o f  t h e  i n f l u e n c e  
o f  t h e  e x s a n g u i n a t i o n 1 on t h e  h e m o g lo b in  c o n t e n t  o f  m e a t . T h e r e f o r e ,  

i n  o u r  l a b o r a t o r y  R.HAM M , B .  R 0G 0W SKI and  W. ARNETH d e v e lo p e d  a f a s t  
r o u t i n e  m ethod  b y  t r a n s f o r m in g  t h e  co lu m n  p r o c e d u r e  o f  BU EN N IG  and  HAMM 
( 7 )  i n t o  a t h i n - l a y e r  c h r o m a t o g r a p h ic  m etho d  on s e p h a d e x . T h i s  m ethod  
a l l o w s  t h e  a n a l y s i s  o f  a b o u t  6  s a m p le s  on one T C - p l a t e .  T h e  p r o p o r t io n  
o f  m y o g lo b in  and  h e m o g lo b in  c a n  be d e t e r m in e d  i £  s i t u  on t h e  T C - p la t e  
w i t h o u t  a n y  d y in g  p r o c e d u r e s  b y  m e a s u r in g  t h e  n a t u r a l  c o lo r  o f  t h e  o x id i z e d  

p ig m e n ts  u s in g  a T C - s c a n n e r .

P r o c e d u r e :T h e  t h i n - l a y e r  i s  p r e p a r e d  fro m  a s e p h a d e x  G 7 5  s u p e r f i n e  -  t r i s  
E u ? T e r  [ 0 . 1  M; pH 7 . 9 ) g e l  an d  e q u i l i b r a t e d  w i t h  t h e  t r i s  b u f f e r  f o r  a t  
l e a s t  f o u r  h o u r s  . M eat i s  e x t r a c t e d  b y  h o m o g e n iz in g  w i t h  d e s t .  w a t e r ( l : 1 )  
c a u s in g  h o m o ly s is  o f  t h e  e r y t h r o c y t e s ;  t h e  p ig m e n ts  o f  t h e  e x t r a c t  a r e  

o x y d iz e d  b y  K g L F e (C N )^ / .  10  t o  2 0  p i  o f  t h e  e x t r a c t  a r e  p la c e d  on t h e  
t h i n - l a y e r  p l a t e .  T h e  c h r o m a to g r a p h y  i s  c a r r i e d  o u t  f o r  a b o u t  1 h o u r  
u s in g  t h e  t r i s  b u f f e r  a s  s o l v e n t .  Im m e d ia t e ly  a f t e r  c h r o m a to g r a p h y  t h e  
r e m is s io n  o f  t h e  b ro w n is h  b a n d s  o f  m e tm y o g lo b in  and  m e th e m o g lo b in  a t  
4 1 0  nm a r e  m e a su re d  and  e v a lu a t e d  i n  s i t u  on t h e  w e t p l a t e  u s in g  a 

Z e is s - c h r o m a t o g r a m m - s p e c t r o p h o t o m e t e r  and  an i n t e g r a t o r ( C R S - 1 0 0  A  A u s -  
w e r t e - S y s t e m ; I n f o t r o n i c s  C o r p . ) .  T h e  m ethod  i s  c a l i b r a t e d  b y  m e a s u r in g  
s o l u t i o n s  o f  d i f f e r e n t  p r o p o r t io n s  o f  p u re  m e tm y o g lo b in  and  p u re  m e t­
h e m o g lo b in  i n  t r i s  b u f f e r .
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( 1 6 1 )

F i g .  2  sh o w s e x a m p le s  o f  t h e  s e p a r a t io n  o f  m y o g lo b in  and  h e m o g lo b in  
i n  m u s c le  e x t r a c t s  u s in g  t h i s  m e th o d .

Skeletal
Muscle

Mb

Heart

Mb

F i g .  . S e p h a d e x  t h i n - l a y e r  c h ro m a to g ra m s  o f  w a t e r y  e x t r a c s  o f  
b o v in e  h e a r t  m u s c le  and  b o v in e  s k e l e t a l  m u s c le  (M . 
l o n g i s s im u s  d o r s i )

L i t e r a t u r e

1 . F L E M IN G , H . P . ,  T .N .  BLUMER and  C . B .  C R A IG : J .A n i m a l  S e i .  1 9 , 1 1 6 4  ( i 9 6 0 ) .

2 .  R IC K A N S B U D , D . H . ,  and  R . L .  H EN R IC K SO N : J .F o o d  S e i .  3 2 ,  5 7  ( 1 9 6 7 ) .

L E D i /ARD, D , A . ,  and  W .R . SH O RTH O SE: A n im a l  P r o d u c t io n  1 3 , N o .1 ,  193  ( 1 9 7 1 ) .

4 .  HAMM, R . : Z . L e b e n s m i t t e l - U n t e r s u c h ,  u .  - F o r s c h .  1 1 0 , 9 5  ( 1 9 5 9 ) .

5 .  B U EN N IG , K . ,  and  R .  HAMM: F l e i s c h w i r t s c h a f t  5 0 ,  1541 ( 1 9 7 0 ) .

6 .  B U EN N IG , K . :  Z .a n a l y t .C h e m .  2 4 6 ,  3 7 0  ( 1 9 6 9 ) .

7 .  B U EN N IG , K . ,  and  R .  HAMM: J .C h r o m a t o g .  4 3 ,  4 5 0  ( 1 9 6 9 ) .

8 . F R I E S ,  J . :  S p u r e n a n a ly s e .  E .M e r c k ,  D a r m s t a d t

9 .  G IN G E R , I . P . ,  C .D .  W ILSON and  B . S .  S C H W E IG E R T :  J . A g r i c . F o o d  C h e m .2 , 1 0 3 7
(1 9 5 4 )  10

1 0 . HAMM, R . :  Z . L e b e n s m i t t e l - U n t e r s u c h ,  u .  - F o r s c h .  1 1 7 ,  13 2  (1 9 6 2 )


