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Background
I n  f i n e l y  c o m m i n u t e d  s a u s a g e s  l i k e  f r a n k f u r t e r s  ( h o t  d o g s ,  w i e n e r s ) ,  m e a t  p r o t e i n  a n d  w a t e r  a r e  c o m b i n e d  t o  f o r m  a  m a t r i x  t h a t  

e n c a p s u l a t e s  f a t ,  t h u s  f o r m i n g  a n  e m u l s i o n .  B a s i c a l l y ,  a  m e a t  e m u l s i o n  i s  a  s e m i - f l u i d  m a s s  w i t h  f a t  p a r t i c l e s  h e l d  o r  s u s p e n d e d  b y  m e a t  p r o t e i n  
a n d  w a t e r .  C u r i n g  i n g r e d i e n t s  c o n t r i b u t e  t o  f l a v o r ,  c o l o r  a n d  p r e s e r v a t i o n .  T h e  f i n i s h e d  p r o d u c t s  m a y  n o t  c o n t a i n  m o r e  t h a n  6 5 %  m o i s t u r e ,  3 0 %  
f a t  ( f r a n k f u r t e r s ,  w i e n e r s ,  h o t  d o g s )  o r  3 5 %  f a t  ( f r a n k f u r t e r - t y p e  o r  w i e n e r - t y p e ) ,  b u t  a t  l e a s t  1 2 %  p r o t e i n  ( B R A S I L ,  2 0 0 0 ) .  T h e  s a m e  e m u l s i o n -  
t y p e  s a u s a g e  r e g u l a t i o n  a l l o w s  4 %  n o n - m e a t  p r o t e i n ,  o f  e i t h e r  v e g e t a b l e  o r  a n i m a l  s o u r c e ,  a s  a d d e d  p r o t e i n ,  w h i c h  a r e  n e v e r t h e l e s s  n o t  a l l o w e d  
i n  f r a n k f u r t e r  a n d  w i e n e r  ( e x c e p t  f o r  m i l k  p r o t e i n s ) .  I t  i s  a l s o  p e r m i t t e d  t h e  a d d i t i o n  ( i s o l a t e d  o r  i n  c o m b i n a t i o n )  o f  u p  t o  1 0 %  o f  s k i n ,  r i n d ,  
t e n d o n ,  b o n e  m a r r o w  a n d  o f f a l  s u c h  a s  b r a i n ,  l i v e r ,  h e a r t ,  t r i p e ,  t o n g u e ,  k i d n e y ,  m o s t  o f  t h e m ,  c o l l a g e n - r i c h  b y  p r o d u c t s  ( e x c e p t  f o r  f r a n k f u r t e r  
a n d  w i e n e r ) .  C o n n e c t i v e  t i s s u e s  a r e  l a r g e l y  a d d e d  t o  r e d u c e  m e a t  p r o d u c t ’ s  c o s t s .  A c c o r d i n g  t o  S I M S  a n d  B A I L E Y  ( 1 9 8 1 ) ,  c o l l a g e n  e x h i b i t s  a  
c h a r a c t e r i s t i c  a m i n o  a c i d  a n a l y s i s  r e s u l t ,  t h e  m o s t  n o t i c e a b l e  f e a t u r e  b e i n g  a  h i g h  g l y c i n e  a n d  p y r o l l i d i n e  c o n t e n t ,  w h i c h  t o g e t h e r  c o m p r e h e n d  
a p p r o x i m a t e l y  h a l f  o f  t h e  t o t a l  a m i n o  a c i d s .  T h e  p r e s e n c e  o f  t h e  a m i n o  a c i d  h y d r o x y p r o l i n e  i n  c o l l a g e n  ( a b o u t  1 4 % )  i s  a l s o  a  u n i q u e  f e a t u r e  
b e c a u s e  t h i s  a m i n o  a c i d  o c c u r s  i n  o n l y  a  f e w  o t h e r  p r o t e i n s  -  n a m e l y  e l a s t i n  ( 1 . 6 % ) ,  t o  a  l e s s e r  e x t e n t  i n  t h e  s e r u m  c o m p l e m e n t  p r o t e i n ,  a n d  
i n  c e r t a i n  p l a n t  p r o t e i n s .  E l a s t i n  i s  a  h i g h l y  i n s o l u b l e  f i b r o u s  p r o t e i n  a n d ,  a s  s u c h ,  v e r y  d i f f i c u l t  t o  i s o l a t e  a n d  p u r i f y .  E l a s t i n  c o n t r i b u t e s  w i t h  
o n l y  a b o u t  0 . 5 %  t o  t h e  o v e r a l l  c o n n e c t i v e  t i s s u e  c o n t e n t  o f  m u s c l e ,  a n d  m o s t  o f  i t  d i s t r i b u t e d  w i t h i n  t h e  b l o o d  v e s s e l s  ( t i s s u e  r e q u i r i n g  a  h i g h  
d e g r e e  o f  e l a s t i c i t y  a n d  r e c o v e r y  f r o m  d e f o r m a t i o n ) .  A  f e w  m u s c l e s  c o n t a i n  a  h i g h  p r o p o r t i o n  o f  e l a s t i n ,  f o r  e x a m p l e  M .  s e m i t e n d i n o s u s  w h e r e  
e l a s t i n  c o n s t i t u t e s  a b o u t  3 7 %  o f  t h e  w h o l e  c o n n e c t i v e  t i s s u e .  A c c o r d i n g  t o  S A D L E R  &  Y O U N G ,  ( 1 9 9 3 ) ,  i n c r e a s i n g  r e p l a c e m e n t  o f  l e a n  t i s s u e  
b y  f i b r o u s  f o r m  o f  c o n n e c t i v e  t i s s u e ,  t e n d o n ,  r e s u l t e d  i n  a n  i n c r e a s i n g  l o s s  o f  f a v o r a b l e  t e x t u r e ,  f l a v o u r  a n d  o v e r a l l  a c c e p t a b i l i t y .  T h e  b i o l o g i c a l  
v a l u e  o f  c o l l a g e n o u s  c o n n e c t i v e  t i s s u e  i s  l i m i t e d  b e c a u s e  o f  i t s  l o w  a m i n o  a c i d  b a l a n c e ,  b e i n g  l o w  i n  m e t h i o n i n e  a n d  d e v o i d e d  o f  t r y p t o p h a n .  
A d u l t s  a n d  c h i l d r e n  c o n s u m e  s i g n i f i c a n t  a m o u n t s  o f  p r o c e s s e d  m e a t  p r o d u c t s  ( i n c l u d i n g  s a u s a g e s ) ,  o f t e n  u s i n g  t h e m  a s  s u b s t i t u t e s  f o r  m e a t  
f l e s h .  T h e r e f o r e ,  i t  i s  i m p o r t a n t  t o  m a i n t a i n  t h e  n u t r i t i o n a l  p r o f i l e  o f  t h e s e  p r o d u c t s .

Objectives
E v a l u a t e  c h e m i c a l  c o m p o s i t i o n  a n d  c o n t e n t  o f  c o l l a g e n o u s  c o n n e c t i v e  t i s s u e  f r o m  4 - h y d r o x y p r o l i n e  a m o u n t  i n  c o m m e r c i a l  f r a n k f u r t e r -  

t y p e  s a u s a g e s .  O f f e r  h e l p f u l  i n f o r m a t i o n s  c o n t r i b u t i n g  t o  l e g i s l a t i o n  s t a n d a r d s .

Methods
F o r t y - e i g h t  c o o k e d  e m u l s i o n - t y p e  s a u s a g e s  ( 3 1  n o t  c h a r a c t e r i z e d  s a u s a g e ,  9  h o t  d o g s ,  3  j u n i o r  s a u s a g e s ,  4  c h i c k e n  s a u s a g e s  a n d  1 w i e n e r  

t y p e  s a u s a g e )  f r o m  2 6  d i f f e r e n t  p r o d u c e r s  w e r e  c h e m i c a l l y  a n a l y s e d  i n  A d o l f o  L u t z  I n s t i t u t e  d u r i n g  t h e  p e r i o d  o f  2 0 0 0  -  2 0 0 2 .  T h e  s a m p l e s  
w e r e  f i n e l y  c h o p p e d ,  m i x e d  t h o r o u g h l y  a n d  a n a l y s e d  i n  d u p l i c a t e  t o  d e t e r m i n e  t h e i r  c h e m i c a l  c o m p o s i t i o n .  M o i s t u r e  ( o v e n  a t  1 0 2 - 1 0 5 ° C ) ,  
P r o t e i n  ( K j e l d a h l  m e t h o d ,  f a c t o r  6 . 2 5 )  a n d  f a t  ( d i e t h y l  e t h e r  e x t r a c t a b l e )  c o n t e n t s  w e r e  d e t e r m i n e d  a c c o r d i n g  t o  I N S T I T U T O  A D O L F O  
L u t z  ( 1 9 8 5 )  p r o c e d u r e s .  H y d r o x y p r o l i n e  a s s a y  w a s  c a r r i e d  o u t  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  b y  A O A C  ( 1 9 9 5 ) .  H y d r o x y p r o l i n e  w a s  
q u a n t i t a t i v e l y  d e t e r m i n e d ,  i n  o r d e r  t o  m e a s u r e  c o l a g e n o u s  m a t e r i a l .  S a m p l e s  w e r e  h y d r o l y z e d  w i t h  6 N  H C 1  f o r  8 h  a t  1 1 0 ° C .  A f t e r  h y d r o l y s i s ,
4 - h y d r o x y p r o l i n e  w a s  c o n v e r t e d  t o  p y r r o l e  w i t h  c h l o r a m i n e  T  i n  a c e t a t e - c i t r a t e  b u f f e r  p H  6 . 0 ,  a n d  p y r r o l e  w a s  c o n v e r t e d  t o  a  r e d - c o l o u r e d  
c o m p l e x  ( a b s o r p t i o n  a t  5 5 8 n m )  b y  r e a c t i o n  w i t h  E h r l i c h  r e a g e n t  [ p - ( d i m e t h y l a m i n o ) b e n z a l d e h y d e  i n  p e r c h l o r i c  a c i d / 2 - p r o p a n o l ] .  T o t a l  
c o n n e c t i v e  t i s s u e  p r o t e i n s  w e r e  d e t e r m i n e d  b y  m u l t i p l y i n g  h y d r o x y p r o l i n e  c o n t e n t s  b y  8 .

Results and Discussion
I n  T a b l e  1 ,  r e s u l t s  s h o w e d  t h a t  v a l u e s  f o r  m o i s t u r e  r a n g e d  f r o m  5 1 . 7  t o  6 6 . 2 %  ( o n l y  1 p r o d u c t  c o n t a i n e d  o v e r  6 5 %  -  l e g a l  l i m i t ) .  F a t  c o n t e n t  

r a n g e d  f r o m  9 . 3  t o  2 7 . 9 %  ( n o n e  o v e r  3 0 %  a n d  3 5 % ) ,  p r o t e i n  m e a n s ,  5 . 4  t o  1 5 . 7 %  ( 1 7  r e s u l t s  b e l o w  t h e  m i n i m u m  o f  1 2 % ) .  M o i s t u r e - p r o t e i n  
r a t i o  ( M P R )  r a n g e d  f r o m  3 . 8  t o  1 1 . 5 .  C o l l a g e n o u s  c o n n e c t i v e  t i s s u e  ( C C T )  r a n g e d  f r o m  0 . 7  t o  3 . 1 %  a n d  c a l c u l a t e d  c o l l a g e n o u s  c o n n e c t i v e  
t i s s u e  p e r  t o t a l  p r o t e i n  ( C C T / P ) ,  5 . 3  t o  2 7 . 1 % .  M e d i a n  a n d  a v e r a g e  r e s u l t s  f o r  e m u l s i o n  t y p e  s a u s a g e s  s t o o d  v e r y  c l o s e  t o  e a c h  o t h e r  a n d  
r e v e a l e d  m o i s t u r e  v a l u e s  o f  5 9 . 8 %  a n d  5 9 . 4 % ,  f a t ,  1 8 . 3 %  b o t h ,  t o t a l  p r o t e i n ,  1 2 . 7 %  a n d  1 2 . 4 % ,  M P R ,  4 . 6  a n d  5 . 0 ,  C C T ,  1 . 7 %  a n d  1 . 8 % ,  
C C T / P ,  1 3 . 5 %  a n d  1 4 . 7 % .  C o e f f i c i e n t s  o f  v a r i a t i o n  ( C . V . )  r a n g e d  f r o m  5 %  f o r  m o i s t u r e  t o  3 4 %  f o r  C C T .  G r e a t  r e s u l t s  v a r i a b i l i t y  w a s  o b s e r v e d  
f o r  f a t ,  m o i s t u r e  p r o t e i n  r a t i o  a n d  c o l l a g e n o u s  c o n n e c t i v e  t i s s u e  c o n t e n t s  ( C C P  a n d  C C P / P  -  F i g u r e  1 ) .  M o s t  s a m p l e s  o f  h o t - d o g  t y p e  s a u s a g e ,  
u s u a l l y  c o n s u m e d  i n  s c h o o l  l u n c h e s  a n d  i n  c h i l d r e n  h o s p i t a l s  a r e  s e n t  t o  A d o l f o  L u t z  I n s t i t u t e  f o r  a n a l y s i s ;  w i t h  a  r e c o r d  o f  u n s a t i s f a c t o r y  
s e n s o r y  c h a r a c t e r i s t i c s ,  s p e c i a l l y  c o n c e r n i n g  f l a v o r  a c c e p t a n c e  b y  t h e  c o n s u m e r s .  O n c e  a  g o o d  m e a t  p r o d u c t  f l a v o r  s t a y s  i n t r i n s i c a l l y  c o n n e c t e d  

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

Conclusions
C o m m e r c i a l  e m u l s i o n  t y p e  s a u s a g e s  s h o w e d  a  g r e a t  c h e m i c a l  c o m p o s i t i o n  v a r i a b i l i t y ,  m a i n l y  f o r  f a t  a n d  c o l l a g e n o u s  c o n n e c t i v e  t i s s u e  

P r o t e i n s  c o n t e n t s .  R e s u l t s  s h o w e d  t h a t  m i n i m u m  p r o t e i n  l i m i t  f o r  t h e s e  p r o d u c t s  w e r e  n o t  o b e y e d  f o r  3 5 %  o f  p r o d u c t s  a n a l y z e d .  T o  a s s i s t  i n  
s e n s o r y  p r o b l e m s  w i t h  f r a n k f u r t e r - t y p e  s a u s a g e s ,  r e g u l a t i o n  s t a n d a r d s  f o r  m a x i m u m  c o l l a g e n o u s  c o n n e c t i v e  t i s s u e  c o n t e n t  s h o u l d  b e  e s t a b l i s h e d .
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T a b l e  1 .  C h e m i c a l  p a r a m e t e r s  m e a n s  f o r  c o m m e r c i a l  e m u l s i o n  t y p e  s a u s a g e s

Emulsion type sausages N Producers Moisture (%) Fat (%) Total protein
(%)

Moisture-protein 
ratio (MPR)

Collagenous 
connective tissue (%)

Coll. con. tissue per 
total protein (%)

1 A 62.9 (0.1) 16.3(1.0) 13.3(0.4) 4.7 3.1 (0.1) 23.3
2 A 61.1 (0.1) 18.1 (0.1) 12.1 (0.1) 5.0 2.5 (0.0) 20.7
3 B 60.0 (0.0) 16.3 (0.1) 9.2 (0.0) 6.5 1.5 (0.1) 16.3
4 C 55.4 (0.3) 23.3 (0.4) 13.3(0.0) 4.2 1.4 (0.1) 10.5
5 D 58.0 (0.3) 24.2(0.1) 11.5(0.1) 5.0 1.3 (0.0) 11.3
6 D 51.7(0.2) 27.9 (0.3) 12.3 (0.0) 4.2 1.3 (0.1) 10.6
7 E 57.5(0.1) 20.8 (0.0) 13.7 (0.0) 4.2 1.8 (0.0) 13.1
8 F 58.1 (0.3) 19.1 (0.5) 11.2(0.1) 5.2 1.6 (0.0) 14.3
9 G 60.1 (0.2) 17.9(0.2) 14.6 (0.1) 4.1 2.9 (0.0) 19.9
10 H 58.2 (0.0) 18.9(0.1) 14.0 (0.1) 4.2 2.7 (0.0) 19.3
11 H 60.1 (0.0) 20.9 (0.2) 11.5 (0.4) 5.2 2.6 (0.0) 22.5
12 K 64.9 (0.0) 13.7 (0.0) 15.1 (1.8) 4.3 1.8 (0.0) 11.9
13 L 60.4 (0.0) 17.1 (0.1) 13.4 (0.1) 4.5 2.5 (0.0) 18.7
14 L 59.9(0.1) 15.1 (0.1) 13.3 (0.0) 4.5 2.5 (0.2) 18.9

Not characterized
15 M 56.3 (0.2) 22.9 (0.6) 14.3 (0.1) 3.9 1.8 (0.0) 12.3
16 M 58.2 (0.0) 18.4 (0.1) 15.0 (0.1) 3.9 1.9 (0.1) 12.5
17 M 57.5 (0.0) 21.2(0.1) 13.0 (0.4) 4.4 1.5 (0.1) 11.5
18 N 62.3 (0.1) 14.8 (0.0) 5.4 (0.2) 11.5 1.4 (0.0) 27.1
19 P 58.3 (0.0) 17.8 (0.1) 12.2 (0.2) 4.8 1.6 (0.1) 13.1
20 Q 58.6 (0.3) 16.9(0.1) 9.7 (0.0) 6.0 1.6 (0.1) 16.5
21 Q 56.0 (0.1) 17.0 (0.1) 10.3 (0.1) 5.4 1.9 (0.0) 18.2
22 R 56.2 (0.0) 18.3(0.0) 10.8 (0.0) 5.2 1.5 (0.0) 13.9
23 s 58.6 (0.0) 17.8 (0.1) 11.0 (0.1) 5.3 1.0 (0.0) 9.1
24 T 60.5 (0.2) 18.6 (0.2) 13.3 (0.0) 4.5 1.7 (0.0) 12.8
25 U 57.3 (0.0) 21.6(0.3) 12.9 (0.1) 4.4 2.9 (0.0) 22.5
26 V 53.7 (0.0) 22.5 (0.2) 14.2 (0.1) 3.8 2.6 (0.0) 18.6
27 w 64.1 (0.0) 9.3 (1.5) 9.3 (0.1) 6.9 1.4 (0.1) 15.4
28 X 62.9 (0.1) 13.7 (0.2) 15.7 (0.4) 4.0 1.3 (0.0) 8.6
29 X 60.7 (0.1) 15.0 (0.2) 14.9 (0.1) 4.1 1.3 (0.0) 8.7
30 Y 60.1 (0.1) 18.2 (0.2) 13.4 (0.8) 4.5 1.9 (0.0) 14.2
31 Z 58.0 (0.1) 14.8(0.1) 10.4 (0.0) 5.6 0.9 (0.0) 8.7
32 D 55.0 (0.3) 23.1 (0.2) 13.1 (0.2) 4.2 2.2 (0.0) 16.8
33 D 57.2 (0.1) 21.8(0.2) 12.3 (0.1) 4.7 1.3 (0.0) 10.6
34 H 62.6 (0.0) 18.6(0.1) 11.9(0.1) 5.3 2.1 (0.2) 17.7
35 H 60.8 (0.3) 21.1 (0.0) 10.9(0.1) 5.6 2.4 (0.0) 22.0

Hot Dog 36 I 64.3 (0.1) 15.3 (0.1) 13.3 (0.3) 4.8 1.4 (0.0) 10.3
37 I 66.2 (0.0) 13.4 (0.0) 12.2 (0.6) 5.4 1.2 (0.0) 9.7
38 I 59.6 (0.2) 18.6(0.1) 13.8(0.1) 4.3 2.5 (0.1) 18.1
39 O 57.9 (0.2) 13.6 (0.2) 8.0 (0.1) 7.2 1.0 (0.1) 12.5
40 S 58.3 (0.1) 18.8(0.2) 11.4 (0.0) 5.1 1.0 (0.0) 8.8
41 D 61.2(0.1) 19.0 (0.1) 13.3 (0.1) 4.6 0.7 (0.0) 5.3

Ju n io r  sausage 42 E 61.0 (0.1) 17.4 (0.0) 13.2 (0.0) 4.6 2.6 (0.0) 19.7
43 I 58.7 (0.1) 18.3 (0.1) 14.9 (0.0) 3.9 1.4 (0.0) 9.4 _
44 A 61.1 (0.1) 13.1(0.2) 12.4 (0.2) 4.9 2.2 (0.1) 17.7

Chicken sausage
45 C 54.8 (0.4) 26.6 (0.2) 12.5 (0.0) 4.4 2.3 (0.0) 18.4
46 J 61.0 (0.5) 16.2 (0.4) 11.4 (0.0) 5.4 1.1. (0.1) 9.6
47 J 61.3(0.3) 20.0 (0.0) 10.9 (0.1) 5.6 1.3 (0.2) 11.7 _

W iener type sausage 48 I 61.0(0.0) 17.3 (0.0) 14.6(0.0) 4.2 1.7 (0.0) 11.6 __
Minimum value 51.7 9.3 5.4 3.8 0.7 5.3
Maximum value 66.2 27.9 15.7 11.5 3.1 27.1

Median 59.8 18.3 12.7 4.6 1.7 13.5
Average 59.4 18.3 12.4 5.0 1.8 14.7

S.D. 2.9 3.6 2.0 1.2 0.6 4.8
C.V. (%) 5 20 16 25 34 33 _

S.D. = Standard deviation C.V.- Coefficient of variation

F i g u r e l .  C o l l a g e n o u s  c o n n e c t i v e  t i s s u e  f r e q u e n c y  d i s t r i b u t i o n  f o r  c o m m e r c i a l  e m u l s i o n  t y p e  s a u s a g e s
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