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technology R e s e a rc h  I n s t i t u t e ,  S o f i a ,  B u l g a r i a

f0;
exported p r e v i o u s l y  ( D i l o v a  e t  a l . , 1 9 8 1 ) ,  a  m o d i f i e c  v e r s i o n  

th °n ’ s d y e - b i n d i n g  method ( P e a r s o r . ,  1972) had b ee n  d e v e lo p e d  
iy CQ ® pimple  and r a p i d  p r o t e i n  c o n t e n t  d e t e r m i n a t i o n  i n  m e a t - o n -  
f°Uo* . 3aU3a g e s .  The m a jo r  s t e p s  o f  t h e  p r o c e d u r e  u s e d  were
a uTa; .A p o r t i o n  o f  t h e  g ro u n d  p r o d u c t ,  c o n t a i n i n g  3 5 0-500  mg

(K x 6 , 2 5 ) ,  was b le n d e d  w i t h  50 ml o f  2V. c i t r i c  a c i a .  A f -  
su t e r i r *g t h r o u g h  c h e e s e  c l o t h ,  e x a c t l y  0 , 5  ml o f  t h e  r t - s u l t -  

^nte^f.3^e n s io n  were  t r a n s f e r r e d  t o  a  c e n t r i f u g e  t u b e ,  The p o s s i b l e  
ĉ o r o f ren ce  by t h e  l i p i d 3  p r e s e n t  was a v o i d e d  by a d d i n g  1 ml o f  
‘he mi 0rm* F iv e  ml o f  th e  Amido b l a c k  10B s o l u t i o n  were  added and 
d v,a3 _Ure was s h a k e n  v i g o r o u s l y  f o r  1 min . The p r e c i p i t a t e  f o im -

t h e n  e x a c t l y  1 ml°f the a a Pa r a t e o  by a  s h o r t - t i m e  c e n t r i f u g a t i o n  
i l « t i l i C le a r  s u P e r n a t a n t  was d i l u t e d  by p i p e t t i n g  i n t o  50 ml o f  
f01U tiÎed Wat e r .  A b la n k  was p r e p a r e d  by d i l u t i n g  t h e  s t o c k  dye 
(Ol \ i0n 5 6 - f o l d  w i th  w a t e r .  The o p t i c a l  d e n s i t y  o f  Doth sample  

Wank (O B .) .  was m easu red  a t  C20 nm a g a i n s t  w a t e r .  The 
^ atertnCe -  oB ) i s  an  e s t i m a t e  o f  th e  dye l o s t  and c a n  be

p o s i t i v e l y  w?th  p r o t e i n  c o n t e n t .

■Lhg c a pac i t i e s  (PRC) o f  t h e  n i t r o p e n - c o n t a i n i n g  f r a c t i o n sí*S^i¡!d

= < * n a l n  t h e  d y e - b i n c i n g  c a p a c i t i e s  o f  t h e  d i f f e r e n t  n i t r o g e n -  
c °roponen ts  o f  m u s c l e  t i s s u e ,  t h e  t h r e e  m a jo r  p r o t e i n

e*tr .
i'actin °  '-•umponenis o i  m u s c i e  u s a u t ,  m e  w u c c  majwi

a 3 w e l l  a s  t h e  n o n - p r o t e i n  n i t r o g e n o u s  f r a c t i o n ,  were  
Cte0 a s  f o l l o w s :

1üIhÍeeU?°íNL MU3CLKwith  + o l c  e x t r a c t i o n  
och« • H a s s e l b a c h -  
c h n e id e r  s o l u t i o n ,
----0 , 6  It KCl, e t c .
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0,1 M 
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MYOFIBRIL­
LAR FRAC­

TION

n
a  t o t a l mass a t o t a l  p r o t e i n

hange Mean hange Mean

65Í f i t ; 20 0 , 8 5  -  ' , 1 c 1,01 4 , 8  -  6 , 5 5 ,6 5
37* f i i t ) 20 l r ?4 -  1 ,4d 1,36 10,3 -  12 ,0 n , t 5
55*  f a t ) ¿0 1 , 1 8  -  1 , -1 1.25 1 3 , o  -  1 5 , 0 1 4 ,3 0

h e e f  ( 6*  f i t ) 10 1 ,6 2  -  2 ,5 2 2 , 0 / 6 , 0  -  1 3 , 0 1 0 , 5
Beef  VÖ*. f a t ) 10 2 ,2 5  -  3 ,3 0 2 ,  n 1 2 ,0  -  17 ,0 14,S
Cookec1 s a u s a g e s 22 1,05 -  ? , 'à\: 1 , 0 / 3 , 0  -  2 3 , 0 1? ,5

To c a l c u l a t e  t h e  e x p e c t e d  BBC v a l u e s  o f  cooked m e a t  p r o d u c t s  w i th  
d i f f e r e n t  c o n n e c t i v e  t i s s u e  c o n t e n t ,  we assum ed a  c o n s t a n t  r a t i o  
be tween th e  m a jo r  n i t r o g e n - c o n t a i n i n g  f r a c t i o n s  w i th  t h e  e x c e p t i o n  
o f  s t r o m a l  p r o t e i n s ,  m y o f i b r i l l a r  : s a r c o p l a s m i c  : non—p r o t e i n  n i ­
t r o g e n o u s  -- 1 ,5  •• 11 2: 0 , 3  ( F o r r e s t  e t  a i . ,  15 1 5 ) ,  and th e  p e r c e r . -  
t a g e 3 o f  c o n n e c t i v e  t i s s u e  p r o t e i n  c o n t e n t  (>  o f  t o t a l  p r o t e i n )  
v a r y i n g  from .) to  25#. The DBC v a l u e s  u sed  were  a s  m e n t io n e d  above 
f o r  t h e  r e s p e c t i v e  n i t r o g e n o u s  f r a c t i o n s  a f t e r  c o o k i n g .  The c a l c u ­
l a t i o n s  p r o u u ced  t h e  f o l l o w i n g  DBC v a l u e s :

F o r  O/ c o n n e c t i v e  t i s s u e  c o n t e n t ,  0,4t>'i mg bound dye/mg p r o t e i n
.. 5*  .. « •• 0 ,497
h h .. .. 0 , 4 2 6
.. 2 W , .. « •• 0,395

E x p e r im e n t a l  d a t a  i n v o l v i n g  t h r e e  c i f f e r e n t  t y p e s  o f  cooked s a u s a ­
g e s  (n  = 22)  showed v a l u e s  o f  0 , 3 9 8  + 0 , 0 3 0 ,  and 0 ,4 7 3  ± 0 , 0 2 1  
(mean + 3 . D . ) f o r  t h e  DBC o f  t h e  t o t a l  p r o t e i n  (N x 0 , 2 5 )  f r a c t i o n  
and t h e  c o l l a g e n - f r e e  p r o t e i n  f r a c t i o n ,  r e s p e c t i v e l y .  A p p a r e n t l y ,  
t h e r e  was a  good a g r e e m e n t  be tw e en  t h e  e x p e r i m e n t a l  and  t h e  e x p e c ­
te d  v a l u e s .

Owing t o  t h e  r e l a t i v e l y  s m a l l  DBC v a l u e  o f  t h e  s t r o m a  p r o t e i n  f r a c ­
t i o n ,  even  a f t e r  h e a t  t r e a t m e n t ,  i t  c o n t r i b u t e s  o n ly  a  l i t t l e  t o  
t h e  t o t a l  DBC o f  t h e  s a u s a g e  ho m o g e n a te .  W hi le  t h e  c o n n e c t i v e  t i s ­
s u e  n i t r o g e n  c o m p r i s e s  up  t o  25b  o f  t h e  t o t a l  n i t r o g e n  c o n t e n t ,  
i t s  p a r t  i n  t h e  t o t a l  DBC i s  a s  l i t t l e  a s  2*. K y o f i b r i l l a r  and s a r ­
c o p l a s m ic  p r o t e i r . 3  a c c o u n t  f o r  t h e  r e m a i n i n g  98*.. T h e r e f o r e ,  t h e  
q u a n t i t y  o f  dye l o s t  when t h e  s u sp e n d ed  p r o t e i n s  r e a c t  w i th  Amido 
B lack  10B u n d e r  t h e  above  s p e c i f i e d  c o n d i t i o n s  c o u ld  be u s e d  a s  a  
d i r e c t  m e asu re  o f  t h e  c o l l a g e n - f r e e  n i t r o g e n  c o n t e n t ,  p r o v id e d  a  
s u i t a b l e  c o n v e r s i o n  f a c t o r  o r  r e f e r e n c e  p r o t e i r . ( s )  be  ch o s e n .

Two p o s s i b l e  a p p r o a c h e s  to  t h e  s t a n d a r d i z i n g  o f  t h e  d y e - b i n d i n g  
method

The f i r s t  a p p r o a c h  c o n s i s t s  o f  t h e  u s a g e  o f  a  s i n g l e  n u m e r i c a l  f a c ­
t o r  f o r  t h e  d i r e c t  c o n v e r s i o n  o f  t h e  dye b ound ,  a s  m easu red  by th e  
d e c r e a s e  o f  a b s o r b a n c e  a t  620 nm, i n t o  p e r  c e n t  c o n n e c t i v e  t i s s u e -  
f r e e  m u s c l e  p r o t e i n  (CTFMP) c o n t e n t .  T h i s  i m p l i e s  t h e  dye i t s e l f  
s h o u ld  be u s e d  a s  a  r e f e r e n c e  s u b s t a n c e  p r o v id e d  t h a t  t h e  DBC v a ­
l u e  o f  t h e  p r o c u c t ( s )  o f  i n t e r e s t  i s  g e n e r a l l y  r e c o g n i z e d  and a c -

^ h o d  r ° g en  c o n t e n t  o f  t h e  f r a c t i o n s  was d e t e r m i n e d  by K j e l d a h l ' s  
t°r‘ in* A f a c * o r  o f  6 ,2 5  was u sed  t o  c a l c u l a t e  p r o t e i n  from n i t r o -  

fj,  f r a c t i o n s  e x c e p t  f o r  t h e  3 t ro m a f r a c t i o n .  F o r  t h e  l a t -  
^  ac t i ° n |  t h e  f a c t o r  u sed  was 5 , 5 5 .

? 4 Un i L ° f  each  f r a c t i o n  s o l u t i o n  o r  s u s p e n s i o n ,
( Æ f o t

jt^ i; lne .. . _
a n t r i f u g m g  a t  3000 rpm f o r  5 m in , 

v a n t  we r s  d i l u t e d  5 1 - f o l c  w i th  d i s t i l l e d  w a t e r  and m easured
J j lue3 ^  a g a i n s t  w a t e r .  The mean e s t i m a t e d  d y e - b i n d  m g  c a p a c i t y  

f o i l exPr e s s e d  a s  mg bound dye p e r  mg p r o t e i n ,  a r e  3hown i n  
A■‘■owing t a b l e :

°sch
e i n ,  were a l lo w ed  
lWa r z  1ÜB, Merck, a

2*33 mg o f  t h e  dye

c o n t a i n i n g  ca .  
r e a c t  w i th  5 ml o f ’Amico B la ck  10B 

j = 7 3 ,3  cm- ' ( g / L ) " 1 ) s o l u t i o n  
f o r  1 min w i t h  c o n t i n u o u s  s h a k i n g .

a J i q u o t s  o f  t h e  c l e a r

F r a c t i o n s
M y o f i b r i l l a r  S a r c o p l a s m i c  S t rom a

S t a t e  0 . 5 7 ( 0 , 0 7 ) «

N o n p r o t e i n
n i t r o g e n

King« 0 , 5 6 ( 0 , 0 9 )
0 , 4 4 ( 0 , 0 4 )  0 , 0 6 ( 0 , 0 1 )
0 , 4 4 ( 0 , 0 3 )  0 , 1 6 ( 0 , 0 3 )

^  U

t e »

•£• ) ; n = 5; «* 30 C f o r  60 min .

and ? r i c e  (1 9 7 9 ) a l s o  found  d i f f e r e n c e s  b e tw e en  v a r i o u s  
^ - c o n t a i n i n g  f r a c t i o n s  w i th  r e s p e c t  t o  t h e i r  c a p a c i t i e s

l °llhd0£^n£e G. T h e ° r a n k in g  o r d e r  was e s s e n t i a l l y  t h e  same a s  we 
^ x th Amido B lack  10B: M y o f i b r i l l a r > S a r c o p l a s m i c > S tro m a .

i n  t h e  p r e c e d i n g  t a b l e ,  h e a t  t r e a t m e n t  (80°C f o r  60 min)  
tU* a t  i cllane e t h e  ^BC o f  m y o f i b r i l l a r  and s a r c o p l a s m i c  f r a c t i o n s  
7*6 n,.. r e a 3 t  d o u b le d  t h e  LBC o f  t h e  s t r o m aea s t  d o u b led  t h e  LBC o f  t h e  3 t ro m a  f r a c t i o n .  A p p a r e n t l y ,

rn,

. i n g  and p a r t i a l  s o l u b i l i z a t i o n  o f  c o l l a g e n  f a c i l i t a t e d  
l o s i n g  t h r o u g h  t h e  e x p o s u r e  o f  more b i n d i n g  s i t e s .  F o r  compa-

*** (N
p r o b i o i o g i c a l  g r a d e  g e l a t i n e  b i n d s  0 , 3 6  mg dye p e r  mg

* 5 ,

D. 1,1
2¿ h g  c a p a c i t y  o f  t h e  p r o t e i n s  o f  cooked s a u s a g e s

o “' s i n 8 C0ri 3 t i t u t e  16-22>  (mean 1 6 ,5 )  o f  t h e  m u sc le  m ass .  J o n -  
, n i t r o g e n o u s  s u b s t a n c e s  a c c o u n t  f o r  a n o t h e r  1 ,5 $ .  As e v i -  

ojjor  c by many i n v e s t i g a t o r s ,  t h e  c o n t r i b u t i o n  o f  c o l l a g e n ,  t h e  
- »ea t  p o n e n t  o f  c o n n e c t i v e  t i s s u e ,  t o  t h e  t o t a l  p r o t e i n  c o n t e n t

F o r  i n s t a n c e ,  Vogna-Ci A o t  Var^c 3 g r e a t l y  among d i f f e r e n t  c u t s .
Of a l * (1 9 6 5 )  found  t h a t  t h e  c o l l a g e n  c o n t e n t  o f  d i f f e r e n t  

v v s a l  and b e e f  v a r i e d  from 3 t o  24 g  p e r  100 g p r o t e i n ,  and
?v had a l * ( 1978)  r e p o r t e d  t h a t  cu r e d  p o rk  s h o u l d e r  anc canned 

\  a c o l l a g e n  c o n t e n t ,  a s  a  p e r c e n t a g e  o f  t o t a l  p r o t e i n ,  o f
r e s p e c t i v e l y .  Our i n v e s t i g a t i o n s  showed t h a t  t h e  

P o r tVe~t i s s u e  p r o t e i n  c o n t e n t s  ( h y a r o x y p r o l i n e  x 8 , 0 7 )  o f  b e e f  
,.K r aw m a t e r i a l s ,  a s  w e l l  a s  o f  v a r i o u s  cooked s a u s a g e  p r o -
w erQ a s  f o l l o w s :

c e p t e d .  5uch  an  a p p r o a c h  n e c e s s i t a t e s ,  ho w ev e r ,  a  s t e a d y  s u p p ly  o f  
a  h ig h  p u r i t y  aye  o r ,  a t  l e a s t ,  o f  a  u n i f o r m  p u r i t y  on e .

The p r o p e r t i e s  o f  t h e  f o u r  d i f f e r e n t  s a m p le s  o f  Acid B la ck -1  ( C . I .  
20470)  s t u d i e d  i n  t h i s  l a b o r a t o r y  a r e  l i s t e d  i n  t h e  f o l l o w i n g  
t a b l e :

3am ple  Brand name i o u r c e ___________________ a b20nm*

1. Amidoschwarz  10B K erck  (FRG) 7 3 , 3
2. Amido B la ck  10B Reanal (H ungary) 7 7 ,7
3 . Amidoschwarz  10B Chemapol (CS3R) 5 1 , 1
4. N a p h th o l  B lue  B lack  12B BDH ( E n g lan d ) 4 3 ,5

“ a 620nm “  A cm~ '

The a b s o r b t i o n  c o e f f i c i e n t s  l i s t e d  i n d i c a t e  t h a t  a  g r e a t  v a r i a b i l i ­
t y  e x i s t s  i n  t h e  dye  c o n t e n t  among d i f f e r e n t  s a m p le s .  Many commer­
c i a l  b r a n d s  o f  Acid  E la c k - 1  (Amido B la ck  10B) a r e  known to  c o n t a i n  
l e s s  t h a n  60^. d y e ,  l a r g e  am ounts  o f  sodium c h l o r i d e ,  and v a r i a b l e  
am ounts  o f  s e v e r a l  r ed  o r  o r a n g e  d y e s .  Thus we a r e  n o t  a b l e  t o  r e ­
commend any p a r t i c u l a r  s u p p l i e r  o r  b ran d  o f  d y e .  A p p a r e n t l y , t h e  
f i r s t  a p p r o a c h ,  even  th o u g h  p r o m i s i n g ,  i s  s t i l l  i n a p p l i c a b l e .  For  
p r a c t i c a l  p u r p o s e s ,  h o w ev e r ,  i t  i s  a d v i s a b l e  to  s t a n d a r d i z e  t h e  
d ye  s o l u t i o n  u t i l i z e d  by d a i l y  ch e c k s  o f  t h e  a b s o r b a n c e  o f  t h e  a p ­
p r o p r i a t e  d i l u t e d  s a m p le s .

The second  p o s s i b l e  a p p r o a c h  i m p l i e s  c h o o s i n g  r e f e r e n c e  p r o t e i n ( s ) ,  
t h e  DBC o f  w hich  i s  c l o s e  t o  t h a t  o f  t h e  t o t a l  c o n n e c t i v e  t i s s u e -  
f r e e  p r o t e i n s  i n  t h e  s a u s a g e  ho m o g e n a te .  V a r io u s  b lo o d  p r o t e i n s  
w hich  a r e  c o m m e r c i a l l y  a v a i l a b l e  were t e s t e d  f o r  t h e i r  c a p a c i t y  
t o  b in e  Amido B lack  10B. The r e s u l t s  o b t a i n e d  were a s  f o l l o w s :

P r o t e i n ( s )  DBC (mg dye bound /mg p r o t e i n )

I f - G l o b u l i n s  r a b b i t  ( K o c h - L ig h t  L a b . ,
GB) 0 ,2 2 3

- G l o b u l i n s  b o v in e  ( K o c h - L ig h t  L a b . ,
GB) 0 ,2 3 5

À - G l o b u l i n s  p o r c i n e  ( K o c h - L ig h t
L a b . , GB) 0 ,3 5 0

Albumin r a b b i t  ( K o c h - L ig h t  L a b . ,  GB) 0 ,5 3 0
Albumin,  b o v in e  serum ( F lu k a ) 0 ,4 8 0

b o v in e  serum a lb u m in  /B 3 A /  (Cohn f r a c t i o n  V) was c h o sen  a s  a  r e ­
f e r e n c e  p r o t e i n  a s  i t s  DBC i 3  v e r y  c l o s e  t o  t h e  e x p e r i m e n t a l l y  e s ­
t i m a t e d  DBC o f  t h e  c o l l a g c n - f r e e  p r o t e i n  f r a c t i o n  ( 0 , 4 7 3  + 0 , 0 2 1 ) .  
F u r t h e r ,  t h e  s t a n d a r d  l i n e  d e r i v e d  from t h e  r e g r e s s i o n  e q u a t i o n  
c a l c u l a t e d  on t h e  b a s i s  o f  B3A was u s e e  t o  c o n v e r t  t h e  A ^6 2 0 n m  
v a l u e  i n t o  '/ CTFMP c o n t e n t .

To check  th e  r e l i a b i l i t y  o f  t h e  p ro p o s e d  s t a n d a r d i z a t i o n ,  20 samp­
l e s  o f  cooxed s a u s a g e s  w i th  d i f f e r e n t  c o n n e c t i v e  t i s s u e  c o n t e n t
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were a n a l y s e d  f o r  t o t a l  p r o t e i n  (It x 6 , 2 5 ) ,  CTFKP c o n t e n t  (B3A- 
e q u i v a l e n t ) , and c o n n e c t i v e  t i s s u e  c o n t e n t  ( h y c r o x y p r o l i n e  x o , 0 7 ) .  
R e s u l t s  a r e  shown i n  t h e  f o l l o w i n g  t a b l e :

i* T o t a l  
r, p r o t e i n  

SamPl e  ?!« x 6 . 2 5 )

jo CTFKP % C o n n e c t iv e  
( B3A- t i s s u e  p r o t e i n  
e o u i v . ) (OHPro x o , 0 7 ) ( 2 M 3 ) ( 1 ) - •(4)

( 1 ) (2) (3 ) (4 )____ (5 )

1 12,9 7 11 ,2 1 ,20 12,4 0 »0, 57
2 13,8 7 12,8 0 1 ,40 14,2 0 - 0 , 37
3 11 ,92 10 ,0 1 ,47 11,47 fO , ,45
4 13,89 1 3 , 6 1,15 14,75 - 0 , ,86
5 1 2 , 9 0 11 ,6 1 ,20 12,8 0 +0,,10
6 12,41 11 ,8 1 ,40 13,2 0 »0,,79
7 12,6 7 10 ,7 1,15 11 ,ö5 <■0,,82
8 17,0 6 16 ,2 1 ,52 17,7 2 - 0 , ,66
9 13,31 11 ,7 1,27 12,97 ■*0,

10 11,5 9 10 ,3 1 ,06 11,1  i ♦0,148
11 13,5 6 12,6 0 0 ,9 6 13,5 6 0,.0
12 13,6 7 11.9 1 ,47 12,3 7 »1,,30
13 1 2 , 9 0 10 ,6 1 ,06 11,66 + 1 ,,24
14 14,65 13 ,0 1,62 14,62 ♦ 0,,03
15 12,75 10,4 1,19 11,59 + 1,, 16
16 13 ,56 10 ,3 2 ,4 4 12,74 +0,,82
17 13,89 12 ,6 1,15 13,75 ♦0,,14
1 8 1 3 ,5 0 12 ,0 1,83 13,3 3 - 0 ,23
19 13,94 11 ,4 1 ,94 13,34 +0 ,60
20 11,9 5 10 ,2 2 ,1 7 12,37 - 0 ,42

n  = 20 x = +0 ,2 6  
S .D .  = 0 ,6 6

I t  was e x p e c t e d  t h a t  t h e  r e s u l t s  o f  t o t a l  p r o t e i n  d e t e r m i n a t i o n  
(column 1) w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  3un. o b t a i n e d  
on  a d d i n g  # c o n n e c t i v e  t i s s u e  p r o t e i n  to  £  CTFKP (co lumn 4 ) .  To 
t e s t  H : x = 0 a g a i n s t  HA : x /  0 ,  we c a l c u l a t e d  S t u d e n t ’ s  t
( t  = 1 ,7 3 )  S in c e  t h e  t a b u l a t e d  v a l u e  o f  t  f o r  19 d e g r e e s  o f
f r § t i B *  (P  = 0 , 0 5 )  i s  2 , 0 9 ,  we c o u ld  n o t  r e j e c t  t h e  n u l l  h y p o th e ­
s i s .  A p p a r e n t l y ,  we had no e v i d e n c e  to  c o n c lu d e  t h a t  t h e  p ro p o s ed  
d y e - b i n d i n g  method had o v e r -  o r  u n d e r e s t i m a t e d  t h e  a c t u a l  v a l u e s  
o f  c o n n e c t i v e  t i s s u e - f r e e  m u s c l e  p r o t e i n  c o n t e n t  i n  t h e  cooked 
s a u s a g e s  t e s t e d .
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