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5^- M o n o - ,  D i-a n d  T r ip h o s p h a te s  of A d e n o s in e  in  B e e f ,  

and P o r k  Kept under R e fr ig e r a t io n .

By

H ugo F r e d h o lm

R e s e a r c h  L a b o r a to r y  D e p a r tm e n t ,  S v e r i g e s  

S la k te r ifô r b u n d ,  S to c k h o lm , S w eden .

In tr o d u ct io n  and G e n e r a l  C o n s id e r a t io n s .

To a g r e a t  e x te n t  the q u a l i t i e s  of m e a t  a r e  d e te r m in e d  by i t s  c o n te n ts  

of n u c le o t id e s  and e s p e c i a l l y  o f  5^ p h o sp h a te s  of a d e n o s in e ,  p a r t ic u la r ly  

5^ -  t r ip h o sp h a te  of a d e n o s in e  ( A T P  ). A c c o r d in g  to W eb er ,  w h o s e  th e o r y  

i s  a c c e p t e d  by m o s t  s c i e n t i s t s ,  w o r k in g  in  th is  f ie ld ,  A T P  e x e r t s  a double  

in f lu e n c e  upon c o n t r a c t i l e  p r o te in s  of m u s c l e s .  W hen A T P  is  d e c o m p o s e d ,  

c o n tr a c t io n  i s  c a u s e d .  If A T P  i s  not d e c o m p o s e d ,  a te n d e r  and s t r e c h a b le  

p r o te in  s t r u c tu r e  w i l l  r e s u l t .  T he w a te r  b ind ing  p r o p e r t i e s  o f  m e a t  and  

g e n e r a l ly  the e q u i l ib r iu m  b e tw e e n  m e a t  and w a te r  thus i s  d e t e r m in e d  by  

A T P  and by the p H -v a lu e  of the m e a t .

On th is  a c c o u n t  A T P  i s  a d e te r m in in g  fa c to r  fo r  the f i t n e s s  of a m e a t  

fo r  u s e  in  the m a n u fa c tu r e  of s a u s a g e ,  ca n n ed  m e a t  and so  forth .

Up to the p r e s e n t  no in fo r m a t io n  h as  b e e n  g iv e n  c o n c e r n in g  the in f lu e n c e  

of d i f f e r e n t  c o m m e r c i a l  m e th o d s  o f  han d lin g  m e a t  upon A T P .  Of p a r t ic u la r  

i n t e r e s t  it  s e e m s  to be  to know  the in f lu e n c e  o f  s t o r a g e  under r e f r ig e r a t i o n  

im m e d ia t e ly  a f te r  s la u g h te r  and during  s o  long  t im e  a f te r  the s la u g h te r in g  

of the a n im a ls  that ca n  be  e x p e c te d  b e fo r e  u s e  of m e a t .  Our k n o w led g e  of  

A T P  in  m e a t  i s  d e f e c t iv e .  To s o m e  ex te n t  th is  m a y  d ep en d  on d i f f ic u l t ie s  

in  c a r r y in g  out q u a n t i ta t iv e  d e te r m in a t io n s  of A T P .

T he im p o r ta n c e  of the w a te r  b ind ing  c a p a c i ty  of m e a t  h a s  i n t e r e s t e d  

s e v e r a l  in v e s t ig a t o r s  to s e e k  a t e s t  m eth o d  w h ic h  c o u ld  m e a s u r e  the r e l a 

t iv e  m o i s t u r e  b ind ing  p r o p e r t i e s  of raw  m e a t .  G rau & H a m m  ( 1953 ) 

m e a s u r e  the m o i s t u r e  e x p r e s s e d  f r o m  a s a m p le  o f  m e a t  w hen  s u b je c te d  to  

a c e r t a in  p r e s s u r e  fo r  a s p e c i f i e d  t im e .  T h is  m e th o d  w a s  m o d if ie d  by 

W ie r b ic k ^  & D e a th e r a g e  ( 1958 ). Wi e r b i c k j  &al. ( 1957 ) a l s o  d e s c r ib e  a 

m e th o d  in  w h ich  the m o i s t u r e  r e l e a s e d  du rin g  the co o k in g  of a m e a t  s a m p le  

i s  m e a s u r e d .  U rb in  & al. ( 1962 ) m o d i f ie d  the G rau  & H a m m  te c h n iq u e  and  

g iv e  s o m e  in t e r e s t in g  r e s u l t s  sh o w in g  the v a r ia t io n  in  " f r e e  m o is t u r e  " 

e s p e c i a l l y  w ith in  L o n g i s s im u s  dor s i  of pork .
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M a t e r ia l s  and M eth od s .

C a tt le  m e a t  and pork  w e r e  in v e s t ig a te d .  In to ta l  25 c a r c a s s e s  of c a t t le  

and 10 of p ork  w e r e  u s e d .  I m m e d ia te ly  a f te r  s la u g h te r  the c a r c a s s e s  to be  

in v e s t ig a t e d  w e r e  tak en  in to  a r e f r ig e r a t e d  c o o le r  kept at t o ° C  to +2 °  C. 

S a m p le s  of m e a t  f r o m  the g r a c i l i s - m u s c l e  w e r e  c o l l e c t e d  im m e d ia te ly  

a f te r  s la u g h te r  and a f te r  1 , 3  and 5 days ’ s t o r a g e  r e s p e c t i v e ly .

The t e m p e r a tu r e  of the m e a t  o f  the c a r c a s s e s  w a s  on the s u r fa c e  a f ter  

24 h o u r s  + 2 °C  to + 6°C  and in  the c e n tr e  of the th ic k e s t  p art  of the c a r c a s 

s e s  + 5°C  to + 1 0 ° C .  A fte r  48 h o u r s  of s to r a g e  the t e m p e r a t u r e s  w e r e  

- 0  C to + 2 ,5 ° C  r e s p . i o ° C  t o + 4 ° C .  A f te r  72 h o u rs  the t e m p e r a t u r e s  w e r e  

- 0  C to + 2 °C  on the s u r f a c e  a s  w e l l  a s  in  the c e n t r e  p a r ts  of the c a r c a s s e s .

The s a m p l e s  tak en  f r o m  the g r a c i l i s - m u s c l e  w e r e  at l e a s t  60 g , w hen  

the s a m p le  w a s  tak en  im m e d ia te ly  a f te r  s la u g h te r  a s  w e l l  a s  a f te r  24  h o u rs  

s t o r a g e ,  w h i l s t  the s a m p l e s  tak en  a f ter  3 r e s p .  5 d a y s  ’ s to r a g e  w e ig h e d  150 

and 300 g.

A l l  c a t t le  u s e d  in  th is  in v e s t ig a t io n  w e r e  p r e m iu m  g r a d e  and of an age  

b e tw e e n  5 and 10 y e a r s .  T he p ork  c a r c a s s e s  w e r e  f r o m  p r e m iu m  g ra d e  
p ig s .

F a t ,  c o n n e c t iv e  t i s s u e  and ten d o n s  w e r e  cut aw ay  f r o m  the s a m p l e s ,  

w h ic h  then  w e r e  f in e ly  ground . To 60 g of f in e ly  ground  s a m p le  60 m l  of  

10 % c o ld  ( - 0 ° C  ) p e r c h l o r ic  a c id  w a s  added  and the m i x t u r e  w a s  

v ig o r o u s ly  sh ak en , then  p r e s s e d  by m e a n s  of a c i t r u s - p r e s s  l in e d  w ith  

th r e e  la y e r s  of g a u z e .  The e x tr a c t io n  w a s  c a r r i e d  out o n c e  m o r e  w ith  30 

m l of 5 % ic e  c o ld  p e r c h l o r ic  a c id .  T hen  the liqu id  w a s  f i l t e r e d  through  

H yflo  s u p e r c e l  and the s u p e r c e l - c a k e  w a s h e d  two t im e s  w ith  5 % p e r c h l o 

r ic  a c id .  T he p H -v a lu e  of the f i l t e r e d  l iq u id  w a s  a d ju s te d  to 6, 8 to 7 , 0  

w ith  a m m o n ia  1:1. The q u antity  of f i l t r a t e  w a s  m e a s u r e d  and the s a m e  

qu antity  of e th an o l w a s  added . In o r d e r  to h ave  the p r e c ip i t a t e  f o r m e d  w e l l  

s e p a r a t e d  the m ix tu r e  w a s  kept at + 2 °C  for 3 h o u r s .  A f te r  f i l t e r in g  through  

double  f i l t e r s  s o  m u c h  o f  b a r iu m  c h lo r id e  w a s  added  that a c o m p le te  p r e  -  

c ip i ta t io n  of the b a r iu m  s a l t s  of a d e n o s in e - m o n o ,  - d i  and - t r ip h o s p h a t e s  

w a s  ob ta in ed . A s  a r u le  5 m l  of 1 M. b a r iu m  c h lo r id e  i s  s u f f ic ie n t .  The  

m ix tu r e  w a s  kept o v e r n ig h t  in  r e f r ig e r a t o r  then  f i l t e r e d .  E q u a l p a r ts  of
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D o w ex  50 and p r e c ip i ta t e  w e r e  s t i r r e d  fo r  15 m in u te s  , then  the m ix tu r e  

w a s  f i l t e r e d  th rou gh  a g l a s s -  f i l t e r .  The pH -  v a lu e  of the f i l t r a t e  w a s  

a d ju ste d  to 6 ,8  to 7 ,0 ,  then  the f i l t r a t e  w a s  d i lu ted  to 10 m l.  The s a m p le  

thus ob ta in ed  can  be kept at - 2 5 ° C  for  about one m onth  w ith  no m e a s u r a b le  

d e c o m p o s t i t io n .  The ion  e x c h a n g e r  m u s t  be w a s h e d  w ith  1 N h y d r o c h lo r ic  

a c id  then  w ith  d i s t i l l e d  w a te r ,  u n til  a l l  a c id  is  r e m o v e d .  A l l  p r o c e d u r e s  a r e  

c a r r i e d  out in  c o n ta in e r s  s u r r o u n d e d  by c r u s h e d  ic e .

P a p e r  io n o p h o r e s i s .  A  m o d if ic a t io n  of the m eth o d  d e s c r ib e d  by B e r g -  

k v is t  (1957  ) w a s  u s e d  for  the s e p a r a t io n  and e s t im a t io n  o f  a d e n o s in e m o n o -  

p h o sp h a te  ( A M P  ) a d e n o s in e tr ip h o s p h a te  ( A T P  ) and a d e n o s in e d ip h o s  -  

phate ( A D P  ) .

W hatm an  No. 1 f i l t e r  p a p e r s  w e r e  w a s h e d  th r e e  t im e s  w ith  N h y d ro  -  

c h lo r ic  a c id  and then  w ith  w a te r  to pH = 7. A fte r  d ry in g  p a p e r s  w e r e  cut to 

135 x  450 m m . A c r o s s  l in e  w a s  d raw n  120 m m  f r o m  the s h o r t e r  s id e  of  

the p a p er .  T he s a m p l e s  w e r e  a p p lie d  to the dry  p a p er  at th is  c r o s s  l in e  a s  

l in e s  and not a s  c i r c u la r  s p o ts .  The l in e s  of a p p l ic a te d  m a t e r i a l  v a r ie d  

f r o m  2 x 8  to  3 x 1 1  m m . The s a m p le s  w e r e  a p p lie d  in  v e r y  s m a l l  p o r t io n s  

and m u s t  d ry  u nder  c o ld  a ir  fo r  e v e r y  p o r t io n  in  o r d e r  to  get  a sp o t  w h ich  

i a s  c o n c e n tr a te d  and l im i t e d  a s  p o s s i b l e .  T he d is ta n c e  b e tw e e n  the  

d if fe r e n t  s p o ts  ( l in e s  ) w a s  not l e s s  than 20 m m . F o r  ap p ly in g  C a r l s b e r g  

p ip e t te s  w e r e  u s e d .  A  to ta l  qu antity  of s a m p le  a p p lie d  o f  25yit 1 w a s  found  

s u i ta b le .  S o d iu m  a c e t a t e  b u ffer  of pH 4, 15 ( 13, 6 g N a A c ,  3 H .,0  + 18 ,0  m l

H A c / l  ) and ca r b o n  t e t r a c h lo r id e  w a s  u s e d  a s  by B e r g k v i s t .

T he s a m p l e s  w e r e  f r e e z e - d r i e d  to a c o n v e n ie n t  c o n c e n tr a t io n .

P u r e  A M P - ,  A D P -  and A T P -  s u b s t a n c e s  w e r e  d i s s o l v e d  in  w a te r .  The  

s o lu t io n s  w e r e  t r e a t e d  w ith  e th a n o l and p r e c ip i t a t e d  w ith  1 M b a r iu m

c h lo r id e ,  then  s t i r r e d  w ith  D o w e x  and pH a d ju ste d  q u ite  a s  h a s  b e e n  

d e s c r ib e d  fo r  the s a m p l e s .  The r e s u l t in g  s o lu t io n s  w e r e  a lw a y s  run p a r a l l e l l  

w ith  the s a m p l e s .

It m u s t  be p o in ted  out that in  o r d e r  to ge t  e x a c t  r e s u l t s  the io n o p h o r e s i s  

m u s t  be run o v e r  the c o o l in g  tu b es  o f  the a p p a ra tu s .  The io n o p h o r e s i s  w a s



c a r r i e d  out w ith  1. 000 V and about 20 m A . T he t e m p e r a tu r e  o f  the ca r b o n  

t e t r a c h lo r id e  m u s t  be kept low  and the v o l ta g e  h igh  ( 1. 000  V ). If not, the  

s p o ts  of the d if fe r e n t  a d e n o s in e p h o s p h a te s  w i l l  not be d is t in c t .

A fte r  io n o p h o r e s i s  and d ry in g  of the p a p e r s  the n u c le o t id e s  w e r e  

r e v e a le d  by tak ing  an u l t r a v io le t  c o n ta c t  p r in t  u s in g  l ig h t  of a w a v e le n g th  
of 2540  A.

R e s u l t s

T a b le  1 g iv e s  r e s u l t s  f r o m  s o m e  s e r i e s  of io n o p h o r e s i s ,  c a r r i e d  out on  

s a m p l e s  c o l l e c t e d  and p r e p a r e d  a s  d e s c r ib e d .
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Q u a n t ita t iv e  m e a s u r e m e n t s  of the c o lo u r  in te n s i ty  of the s p o ts  g a v e  the  

r e s u l t s  co n ta in e d  in  tab le  2.

T a b le  2.

R e la t iv e  c o n te n ts  of A M P , A D P  and A T P  in  m e a t  f r o m  c a t t le  and in  

p ork  a s  m e a s u r e d  a f te r  io n o p h o r e s i s  on s a m p le s  ta k en  im m e d ia te ly  a f ter  

s la u g h te r  and a f te r  s t o r a g e  under r e f r ig e r a t io n .

K ind o f m e a t

Q u a n tity  of a d e n o s in e p h o s p h a te s  a f te r  s t o r a g e  in  per  

c e n t  of q u antity  p r e s e n t  im m e d ia te ly  a f te r  s la u g h te r

S to r a g e  T im e  H ou rs A M P A D P A T P

C a tt le 24 100 75 100

72 60 30 50

120 40 23 23

P o r k 24 77 50 100

72 31 50 35

120 19 30 17

F r o m  the r e s u l t s  found by m e a n s  of io n o p h o r e s i s  the in t e r e s t in g  

c o n c lu s io n  m u s t  be  draw n, that, in  c o n tr a s t  to w hat h a s  b e e n  s u p p o s e d  

h ith e r to ,  a d e n o s in e tr ip h o s p h a te  i s  r a th e r  s ta b le  in  m e a t  w h ich  i s  h a n d led  

u nder  c o m m e r c i a l  c o n d it io n s  u s in g  r e f r ig e r a t io n ,  w h ich  i s  a p p lie d  i m m e 

d ia te ly  a f te r  s la u g h te r  a s  i s  the c a s e  to -d a y  in  m o s t  w e s t e r n  c o u n t r ie s  .
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S u m m a r y .

R e s u l t s  o b ta in ed  f r o m  p a p er  io n o p h o r e s i s  in v o lv in g  s e p a r a t io n ,  e s t i 

m a t io n  and d e te r m in a t io n  of a d e n o s in e m o n o p h o s p h a te ,  a d e n o s in e d ip h o sp h a te  

and a d e n o s in e tr ip h o s p h a te  in m e a t  f r o m  c a t t le  and in p ork  a r e  g iven .

S in c e  p a r t ic u la r ly  a d e n o s in e tr ip h o s p h a te  i s  a d e te r m in in g  fa c to r  f o r  

the f i t n e s s  of m e a t  for  u s e  in  the m a n u fa c tu r e  of s a u s a g e  and can n ed  m e a t  

a s  w e l l  a s  for  u s e  a s  f r e s h  m e a t  in  p r e p a r in g  m e a l s ,  s p e c ia l  e m p h a s i s  h a s  

b e e n  p a id  to the in f lu e n c e  of c o m m e r c i a l  m e th o d s  fo r  h an d lin g  m e a t  on the  

d e c o m p o s i t io n  of a d e n o s in e tr ip h o s p h a te .  T h e r e f o r e  the c o n te n ts  of the  

d if fe r e n t  p h o sp h a te s  of a d e n o s in e  h a v e  b e e n  d e te r m in e d  im m e d ia t e ly  a f ter  

s la u g h te r  of the a n im a ls  and a f te r  s t o r a g e  under r e f r ig e r a t io n .

The m e th o d s  u s e d  fo r  c o l l e c t i n g  and tr e a t in g  of s a m p l e s ,  w h ic h  w e r e  

a l l  tak en  f r o m  the g r a c i l i s - m u s c l e  o f  the c a r c a s s e s ,  a r e  d e s c r ib e d  in  d e ta i l ,  

a s  i s  the m eth o d  u s e d  fo r  io n o p h o r e s i s .

The r e s u l t s  in d ic a te  that, under the c o n d it io n s  d e s c r ib e d ,  a d e n o s in e t r i 

p h o sp h a te  i s  m u c h  m o r e  s ta b le  in  m e a t  than h a s  b e e n  s u p p o s e d  h ith e r to .  In 

m e a t  f r o m  c a t t le  a s  w e l l  a s  in  p ork  the c o n te n ts  of a d e n o s in e tr ip h o s p h a te  

a r e  p r a c t i c a l ly  the s a m e  2 4  h o u r s  a f te r  s la u g h te r  of the a n im a l  a s  i m m e 

d ia te ly  a f te r  s la u g h te r ,  i f  the m e a t  i s  h an d led  a s  d e s c r ib e d ,  w h ich  m e a n s

i. a. that i t  i s  c o o le d  and kept u n der  r e f r ig e r a t i o n  under c o n d it io n s  g iv e n  in  

d e ta i l  in  the p a p er .

A f te r  5 d a y s ’ s t o r a g e  th e r e  i s  s t i l l  about 23 % of a d e n o s in e tr ip h o s p h a te  

o r ig in a l ly  p r e s e n t  in  m e a t  f r o m  c a t t le  and about 1 7 % in  p ork . A f te r  3 d ays  

of  s t o r a g e  the f i g u r e s  a r e  fo r  m e a t  f r o m  c a t t le  50 % and fo r  p ork  17 %. 

A ls o  the d i -a n d  m o n o p h o s p h a te s  of a d e n o s in e  sh ow  a s i m i l a r  s lo w  ra te  of  

d e c o m p o s i t io n .  The f ig u r e s  a r e  g iv e n  in  the p a p er .  G e n e r a l ly  it  w a s  

found that d e c o m p o s i t io n  of a d e n o s in e p h o s p h a te s  o c c u r s  w ith  g r e a t e r  s p e e d  

in  p ork  than in  m e a t  f r o m  c a t t le  u n der  the c o n d it io n s  g iv en .

A c k n o w le d g e m e n t .

T h is  in v e s t ig a t io n  w a s  c a r r i e d  out w ith  f in a n c ia l  s u p p o r t  f r o m  the  

S w e d is h  A g r ic u l tu r a l  R e s e a r c h  C o u n c i l .  The au thor  w i s h e s  to e x p r e s s  h is  

g r a t itu d e .
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