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Background
M e a t  i s  a n  i m p o r t a n t  s o u r c e  o f  p r o t e i n  i n  t h e  d i e t  a n d  t h e  m a j o r  m e a t  p r o t e i n s  p r o v i d e  a  g o o d  b a l a n c e  o f  t h e  e s s e n t i a l  a m i n o  a c i d s  n e e d e d  b y  

m a n .  H o w e v e r ,  t h e  c o n n e c t i v e  t i s s u e  c o m p o n e n t s  o f  m e a t ,  c o l l a g e n  a n d  e l a s t i n ,  h a v e  u n c h a r a c t e r i s t i c  a m i n o  a c i d  c o m p o s i t i o n s ,  w h i c h  e i t h e r  l a c k  o r  
P r e s e n t  l o w  a m o u n t s  o f  s e v e r a l  o f  t h e  e s s e n t i a l  a m i n o  a c i d s .  T h i s  m a k e s  t h e  c o n n e c t i v e  t i s s u e  n u t r i t i o n a l l y  p o o r  a n d  c o u l d  i n f l u e n c e  t h e  o v e r a l l  q u a l i t y  
o f  m e a t  i f  t h e y  w e r e  p r e s e n t  i n  h i g h  a m o u n t s  ( B A I L E Y  &  L I G H T ,  1 9 8 9 ) .  S e n s o r y  a n a l y s i s  i s  a n  a d d i t i o n a l  m e t h o d  o f  d e t e r m i n i n g  o v e r a l l  q u a l i t y  o f  
m e a t  p r o d u c t s  b y  u s i n g  h u m a n  t a s t e r s  i n  o r g a n i z e d  a n d  f o r m a l i z e d  e x p e r i m e n t s .  T o  c h a r a c t e r i z e  s e n s o r y  a n d  n u t r i t i o n a l  v a l u e  o f  g r o u n d  m e a t ,  i t  i s  
n e c e s s a r y  t o  k n o w  t h e  t i s s u e  c o m p o s i t i o n .  B e s i d e s  f a t  a n d  w a t e r  c o n t e n t ,  t h e  m a j o r  e m p h a s i s  i n  q u a l i t y  g r a d i n g  i s  p l a c e d  o n  t h e  m u s c l e  p r o t e i n  a n d  
c o n n e c t i v e  t i s s u e .  T h e  d e t e r m i n a t i o n  o f  c o n n e c t i v e  t i s s u e  i s  a n  e s s e n t i a l  p a r t  o f  e v e r y  q u a l i t y  c o n t r o l  p r o c e d u r e .  T h e  t e r m  c o n n e c t i v e  t i s s u e  c o v e r s  
a  w i d e  v a r i e t y  o f  s t r u c t u r e s  w i t h i n  t h e  b o d y .  T h e r e  a r e  t h o s e ,  s u c h  a s  t e n d o n s  a n d  l i g a m e n t s ,  w h i c h  c l e a r l y  c o n n e c t  a n d  h o l d  t i s s u e s  t o g e t h e r ,  w h i l e  
o t h e r s ,  a s s o c i a t e  m o r e  i n t i m a t e l y  w i t h  s p e c i f i c  o r g a n s .  I n  m u s c l e ,  f o r  e x a m p l e ,  c o n n e c t i v e  t i s s u e  i s  p r e s e n t  a s  e p i ,  p e r i -  a n d  e n d o m y s i a l  c o m p o n e n t s ,  
w h i c h  s u r r o u n d  a n d  i n v e s t  t h e  m u s c l e  f i b e r s  a n d  t h u s  p r o v i d e  t h e  f u n c t i o n a l  i n t e g r i t y ,  e s s e n t i a l  f o r  p r e c i s e  m u s c l e  a c t i o n  ( S I M S  a n d  B A I L E Y ,  1 9 8 1 ) .  
C o n n e c t i v e  t i s s u e  i s  a  m a j o r  p r o b l e m  a s s o c i a t e d  w i t h  t h e  a c c e p t a n c e  o f  g r o u n d  b e e f .  T h e  r a w  g r o u n d  b e e f  m e a t  r e g u l a t i o n  a l l o w  u p  t o  1 0 %  f a t  a n d  
3 %  s i n e w  w i t h o u t  b o n e ,  t e n d o n  a n d  c a r t i l a g e s  ( B R A S I L ,  1 9 7 8 ) .  W i t h  r e g u l a t i o n  p u r p o s e  i n  v i e w s ,  i t  i s  n e c e s s a r y  t o  e s t a b l i s h  t h e  a n a l y t i c a l  v a l u e  o f  
f m 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  t h a t  c a n  b e  p r e s e n t  i n  b e e f  g r o u n d  m e a t ,  i n  o r d e r  t o  e n s u r e  t h e i r  n u t r i t i v e  a n d  s e n s o r y  v a l u e .

Objectives
Evaluate the effects o f raw beef connective tissue at 0  to 5 0 %  replacem ent levels on the chemical composition, collagenous connective 

tissue amount, pH, color values and sensory acceptance of raw ground beef meat. Determine their effects on sensory properties o f  hamburgers. 
Offer helpful informations contributing to legislation standards.

Methods
Products manufacture: t h e  f r e s h  b e e f  c o n n e c t i v e  t i s s u e  ( B C T )  c o n s i s t e s  l a r g e l y  o f  e p i m y s i u m  a n d  p e r y m i s i u m  r e m o v e d  f r o m  b o v i n e  m u s c l e s  

o b t a i n e d  f r o m  a  c o m m e r c i a l  p a c k i n g  p l a n t  t h a t  u t i l i z e s  S k y n e r  m a c h i n e  ( M o d e l  7 6 0 0  -  T o w s e n d ) .  T h e  B C T  w a s  p a c k a g e d  i n  v a c u u m  p l a s t i c  b a g s  a n d  
f r o z e n  a t  - 1 8 ° C .  B C T  p a c k a g e s  w e r e  2 4 h  t h a w e d  i n  r e f r i g e r a t o r  a n d  p a s s e d  t h r e e  t i m e s  t h r o u g h  a  g r i n d e r  ( C A F  8 )  p l a t e  h a v i n g  5 m m  d i a m e t e r  h o l e s .  
C o m m e r c i a l l y  a v a i l a b l e  b i c e p s  f e m o r i s  m u s c l e s  w e r e  m a n u a l l y  t r i m m e d  t o  r e m o v e  i n t e r m u s c u l a r  f a t ,  e p i m y s i a l  c o n n e c t i v e  t i s s u e ,  h e a v y  b a n d s  o f  
c o n n e c t i v e  t i s s u e  w i t h i n  t h e  m u s c l e  a n d  g r o u n d e d  t h r o u g h  a  5 m m  p l a t e .  B C T  w a s  a d d e d  t o  g r o u n d  m e a t  a t  3 , 5 ,  1 0 ,  1 5 , 2 0 , 2 5 ,  3 0 , 3 5 , 4 0 , 4 5  o r  5 0 %  
l e v e l s .  T h e  c o n t r o l  ( 0 % )  c o n t a i n e d  o n l y  g r o u n d e d  l e a n  m e a t .  E v e r y  t r e a t m e n t  w a s  m i x e d  f o r  3  m i n  i n  2 K g  l o t s  u s i n g  a n  o r b i t a l  m i x e r .  T h e  g r o u n d  
m e a t  m i x t u r e s  w e r e  p r o m p t l y  u t i l i z e d  f o r  c h e m i c a l  a n a l y s i s ,  p H ,  o b j e c t i v e  c o l o r  m e a s u r e m e n t s  a n d  c o n s u m e r  a c c e p t a n c e  t e s t .  T h e  1 0 ,  2 0  a n d  3 0 %  
f i C T  f o r m u l a t i o n s  w e r e  m i x e d  f o r  I m i n  w i t h  1 . 0 %  s a l t ,  0 . 5 %  o n i o n  s o u p  p o w d e r ,  f o r m e d  u p  i n t o  8 0 g  h a m b u r g e r s  ( 1 0  c m  i n  d i a m e t e r )  a n d  p l a c e d  
i n  a  - 1 8 ° C  f r e e z e r  u n t i l  t h e  t i m e  o f  s e n s o r y  a n a l y s i s .  Physico-chemical analysis: m o i s t u r e ,  p r o t e i n  ( K j e l d a h l ,  N x 6 , 2 5 ) ,  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 )  
a n d  a s h  c o n t e n t s  w e r e  d e t e r m i n e d  i n  d u p l i c a t e  f o l l o w i n g  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 .  p H  v a l u e s  w e r e  m e a s u r e d  w i t h  a  s p e a r -  
Ü P  e l e c t r o d e  a t t a c h e d  t o  d i g i t a l  p H - m e t e r  ( H A N N A  I n s t r u m e n t s  -  H I 9 3 2 1  m i c r o p r o c e s s o r ) .  Hydroxyproline assay: w a s  c a r r i e d  o u t  a c c o r d i n g  t o  
i 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  i 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  f o r  c o l a g e n o u s  m a t e r i a l  a m o u n t  m e a s u r e m e n t .  S a m p l e s  a 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  d e g r e e s  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  i 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  i 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  
l n  p e r c h l o r i c  a c i d / 2 - p r o p a n o l ] .  Total connective tissue proteins: w e r e  d e t e r m i n e d  m u l t i p l y i n g  t h e  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 .  Color: f i v e  o b j e c t i v e  
c ° l o r  r e a d i n g s  w e r e  t a k e n  f r o m  g r o u n d  m e a t  m i x t u r e  s u r f a c e s  u s i n g  a  s p e c t r o p h o t o m e t e r  M i n o l t a  C M - 5 0 8 d ,  w i t h  I l l u m i n a n t  D 6 5  a n d  2  s t a n d a r d  
o b s e r v e r .  T h e  r e s u l t s  w e r e  e x p r e s s e d  a s  C I E - L a b  L *  ( l i g h t n e s s ) ,  a *  ( r e d n e s s ) ,  b *  ( y e l l o w n e s s ) .  Sensory evaluation: a  t r a i n e d  1 1 - m e m b e r  p a n e l  r a t e d  
r a w  g r o u n d  m e a t  m i x t u r e s  f o r m u l a t e d  w i t h  1 0 ,  2 0  a n d  3 0 %  B C T  f o r  r e d  c o l o r  a n d  s i n e w  a m o u n t ,  u s i n g  a  u n s t r u c t u r e d  1 0  c m  l i n e .  T h e  a t t r i b u t e s  
h f n i n e s s ,  a m o u n t  o f  r e s i d u a l  c o n n e c t i v e  t i s s u e  r e m a i n i n g  a t  t h e  e n d  o f  t h e  c h e w i n g  p r o c e s s ,  c h a r a c t e r i s t i c  f l a v o r  a n d  m a s t i c a b i l i t y  ( c h e w s  n u m b e r )  
W e r e  e v a l u a t e d  i n  h a m b u r g e r s  r o a s t e d  i n  a  2 6 0 - 2 8 0 ° C  e l e c t r i c  o v e n  f o r  2 0  m i n ,  q u a r t e r e d ,  a n d  s e r v e d  a s  h o t  a s  p o s s i b l e  t o  t h e  p a n e l i s t s  i n  b o o t h s  u n d e r  
f e d  l i g h t s  w i t h  c o n t r o l l e d  t e m p e r a t u r e .  R e p l i c a t e  j u d g m e n t s  w e r e  m a d e  a m o n g  a l l  a s s i s t a n t s .  Consumer acceptance test: a  c o n s u m e r  p a n e l  t e s t  w a s  
c a r r i e d  o u t  f o r  5 7  p a n e l i s t s .  F i v e  n u m b e r e d  g r o u n d  m e a t  m i x t u r e  0 ,  1 0 ,  2 0 ,  3 0  a n d  4 0 %  B C T  r e p l a c e m e n t  w e r e  p r e s e n t e d  i n  b o o t h s  w i t h  c o n t r o l l e d  
t e m p e r a t u r e .  T h e  a p p e a r a n c e  a c c e p t a b i l i t y  w a s  e v a l u a t e d  o n  a  9  p o i n t s  v e r b a l  h e d o n i c  s c a l e ,  s i n e w  a m o u n t  i n  a  9  p o i n t s  j u s t  r i g h t  s c a l e  a n d  p u r c h a s e  
t e t e n t  i n  a  5  p o i n t s  s c a l e .  Statistical analysis: t h e  s e n s o r y  d e s i g n  w a s  r a n d o m i z e d  c o m p l e t e  b l o c k .  R e s u l t s  w e r e  s t a t i s t i c a l l y  a n a l y z e d  b y  A N O V A  a n d  
ukey t e s t  o f  5 %  l e v e l  o f  s i g n i f i c a n c e  u s i n g  G r a p h P a d  I n S t a t  S o f t w a r e  v 2 . 0 1  ( 1 9 9 0 - 1 9 9 3 ) .

Results and Discussion
B a s e d  o n  T a b l e  1 r e s u l t s ,  f o r  r a w  b e e f  c o n n e c t i v e  t i s s u e  ( B C T )  a t  0  t o  5 0 %  r e p l a c e m e n t  l e v e l s  t o  g r o u n d  b e e f  m e a t ,  r a n g e s  o f  p e r c e n t  

m ° i s t u r e  w e r e  7 6 . 4 6 - 7 0 . 0 4 % ,  f a t  2 . 2 4 - 8 . 4 0 % ,  t o t a l  p r o t e i n  1 9 . 8 4 - 2 0 . 5 8 % ,  a s h  1 . 0 3 - 0 . 9 1 % ,  h y d r o x y p r o l i n e  0 . 0 8 - 0 . 5 2 % ,  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  0 . 6 2 - 4 . 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  p e r  t o t a l  p r o t e i n  3 . 1 2 - 2 0 . 1 6 % ,  p H  5 . 8 1 - 5 . 6 5 ,  L *  v a l u e  3 6 . 0 2 - 4 5 . 1 4 ,  a *  v a l u e  1 9 . 4 2 - 1 4 . 7 1  a n d  
! !  V a ' u e  4 . 6 8 - 9 . 8 5 .  T h e  a d d i t i o n  o f  2 0 %  B C T  d e c r e a s e d  m o i s t u r e ,  i n c r e a s e d  f a t  a n d  L *  ( l i g h t n e s s )  w h e n  c o m p a r e d  t o  t h e  c o n t r o l  0 %  ( p < 0 . 0 5 ) .
, C T  a d d e d  a t  1 5 %  l e v e l  i n c r e a s e d  ( p < 0 . 0 5 )  4 - H y d r o x y p r o l i n e  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 m p a r e d  t o  t h e  c o n t r o l .  A d d i t i o n  o f  B C T  

? ?  a  s l i g h t  i n c r e a s e  e f f e c t  o n  t o t a l  p r o t e i n  o f  g r o u n d  m e a t  ( p > 0 . 0 5 ) .  A s h  w a s  a f f e c t e d  w i t h  3 0 %  B C T  r e p l a c e m e n t .  B C T  h a d  a  s i g n i f i c a n t  
, e  c t  o n  p H ,  b u t  t h e  a c t u a l  r a n g e  i n  p H  v a l u e  ( 0 . 1 6  u n i t s )  w a s  o f  l i t t l e  p r a c t i c a l  i m p o r t a n c e .  C o l o r  a *  ( r e d n e s s )  a n d  b * ( y e l l o w n e s s )  v a l u e s  w e r e  

^ g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l  a t  3 5 %  B C T  l e v e l .  A s  a s s e s s e d  b y  s e n s o r y  p a n e l  ( T a b l e  2 ) ,  2 0 %  B C T  a d d e d  t o  g r o u n d  m e a t  s i g n i f i c a n t l y  
s h ^  r e ^ u c e ^  r e d  c o l o r  i n t e n s i t y ,  i n c r e a s e d  s i n e w  a m o u n t  ( a p p e a r a n c e )  a n d  h a m b u r g e r  f i r m n e s s .  H a m b u r g e r s  a d d e d  w i t h  3 0 %  B C T  
c  0 v v e d  i n c r e a s e d  m a s t i c a b i l i t y ,  c o n n e c t i v e  t i s s u e  r e s i d u e  r e m a i n i n g  a t  t h e  e n d  o f  m a s t i c a t i o n  a n d  d e c r e a s e d  c h a r a c t e r i s t i c  f l a v o r .  L a b o r a t o r y  
^ s u r n e r  t e s t  ( T a b l e  3 )  r e v e a l e d  t h a t  2 0 %  B C T  i n  g r o u n d  m e a t  r e s u l t e d  i n  a  s l i g h t l y  d i s l i k e d  a p p e a r a n c e ;  m o d e r a t e l y  t o o  m u c h  s i n e w  a m o u n t  
c n ^  t h i s  p r o d u c t  m a y b e / m a y b e  n o t  w o u l d  b u y .  F i g u r e  1 s h o w s  c l o s e r  l i n e a r  r e l a t i o n s h i p  b e t w e e n  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  ( R 2 = 0 , 9 8 5 )  o r

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  ( R 2 =  0 , 9 7 3 )  a n d  p r e d i c t e d  b e e f  c o n n e c t i v e  t i s s u e .
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C o n c l u s i o n s

I n  g e n e r a l ,  f r e s h  b e e f  c o n n e c t i v e  t i s s u e  ( B C T )  a d d e d  t o  b e e f  g r o u n d  m e a t  d e c r e a s e s  v a l u e s  a n d  c o n t e n t s  o f  m o i s t u r e ,  a s h ,  p H ,  a *  ( r e d n e s s ) ,  
i n c r e a s e s  f a t ,  h y d r o x y p r o l m e  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 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 ,  L *  ( l i g h t n e s s )  a n d  b * ( y e l l o w n e s s ) .

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

h  C ° m n b U t e ,d  ' ?  m C r e a S e  h a m b u r " e r  f i r m n e s s ’  m a s t i c a b i l i t y ,  a s  w e l l  a s  t o  d e c r e a s e  r e d  c o l o r  a n d  c h a r a c t e r i s t i c  f l a v o r  A d d i t i o n  o f  
0  B C T  g r o u n d  m e a t  r e s u l t e d  i n  a c c e p t a b l e  p r o d u c t  a p p e a r a n c e ;  m o r e  c o n n e c t i v e  t i s s u e  r e p l a c e m e n t  p r o d u c e d  l e s s  a c c e p t a b l e  g r o u n d  m e a t .
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Table 1. C h e m i c a l  c o m p o s i t i o n  a n d  p h y s i c a l  p a r a m e t e r s  m e a n s  f o r  g r o u n d  m e a t  c o n t a i n i n g  b e e f  c o n n e c t i v e  t i s s u e

Parameters
0 3 5 10

Beef connective tissue replacement in ground meat (%) 
15 20 25 30 15 40

Moisture (%)

Fat (%)

Total protein (%) 

Ash (%)

76.46a
(0.12)
2.248
(0.11)
19.84b
(0.42)
1.03a

(0.01)

75.82a
(0.82)
2.58fg
(0.12)
19.88b
(0.31)
1.00ab
(0.04)

75.3 Ia b 
(0.33) 
2.92fg 
(0.39) 
20.0 l b 
(0.42) 
1.00abc 
(0.02)

75.39ab
(0.17)

4 .30 'f,g
(0.31)
19.96b
(0.34)
1.02a

(0.00)

74.92a,b
(0.42)

3.96 'fg
(0.06)
20.04b
(0.65)
1.02a

(0.01)

73.54bc
(0.87)

4.70d,c,f
(0.02)
20.02b
(0.16)
l.00ab
(0.01)

73.67bc 
(0.75) 

5.63cdc 
(1.11) 
19.48b 
(0.06) 

0 99ab-c
(0.03)

72.28cd
(0.02)

6.67bcd
(0.23)
19.96b
(0.31)

0.94b‘cd
(0.01)

71.65'“'
(0.23)

6.70bcd
(0.45)
19.85b
(0.47)

0.94bc,d
(0.00)

71.00“'  
(0.36) 
7.72bc 
(0.43) 
20.02b 
(0.54) 

0.94b' “ 
(0 01)

70.70“ '
(0.77)
8.33b
(0.88)

20.26ab
(0.61)
0 .93 'd
(ft ftl)

70.04'
(0.06)
8.40b
(1.19)

20.58ab
(0.08)
0.91“

62.92f
(0.71)
15.45"
(0.49)
21.76a
(0.32)
0.77'

Hydroxyp. (% )

Collagenous con. 
tissue (% )

0.08f
(0.03)
0.62f
(0.26)

0.10 'r 
(0.00) 
0 .79 'r 
(0.03)

0.13ef 
(0.02) 
1.06'f 
(0.18)

0.17ef 
(0.00) 
1.36'f 
(0.01)

0.22“ '  
(0.02) 
1.74“ '  

(0.128)

0.32 '“
(0.09)
2.55'“
(0.71)

0.36'
(0.04)
2.87'
(0.29)

0.43bc
(0.01)
3.42bc
(0.06)

0.44 bc 
(0.03) 
3.50b'  
(0.26)

0.5 l b
(0.03) 
4.09b 
(0 7S)

0.50b
(0.01)
4.02b

0.52b 
(0.01) 
4 .15b

1.01a
(0.03)
8.09a

Coll, con.tis. per 
tot. protein (% )

3.12 3.97 5.30 6.81 8.68 12.74 14.73 17.13 17.63 20.43 19.84 20.16 37.18

pH value 5.81a
(0.01)

5.80ab
(0.01)

5.76bc
(0.01)

5.76bc
(0.01)

5.76bc
(0.01)

5.74cd
(0.01)

5.75bc
(0.01)

5.68def
(0.00)

5.67cf
(0.01)

5.65f
(0.03)

5.67'-f 
(0 01)

5.65f 5.71'“'

L* value 

a* value 

b* value

36.02f
(1.02)
19.09iLb 
(0.28) 
5.67d 
(0.81)

36.50ef
(1.77)

17.09a bc 
(1.22) 
4.68d 
(0.84)

37.45def 
(2.84) 
19.42a 
(1.10) 
6 .48 '“ 
(2.62)

38.06def
(2.11)

18.52abc
(2.20)
5.72'“
(0.61)

39.54c,d' f
(2.70)

! 7.89abc 
(1.47) 

6.75bcd 
(0.98)

42.17b' d'
(2.76)

17.55ab'
(1.00)

7 5gb.c.d

(1.19)

42,I6bcde
(1.83)

16.50* bc 
(1.80) 

7.75bcd 
(1.86)

43.01bcd
(4.56)

I6.29abc
(2.19)
yjb.c.d

(2.47)

44.90b'
(3.50)

15.35bcd
(3.11)

8.89,bc
(1.31)

47.01b 
(1.96) 
14.71'“ 
(1.86) 
9.2l ab 
(0.66)

45.82b 
(3.71) 

15.7 lab-c 
(1.59) 
9.85ab 
(1.75)

45.14**'
(3.13) 

15.69abc
(2.67)
9.51ab
(1.14)

54.71a
(1.23) 
11.45“
(1.23) 
10.99a 
(0.60)_

( JStandard deviation ib c d '-r Means on the same horizontal row with different superscripts are significantly different (p<0,05)

i

*

\

Table 2 ,  M e a n  s e n s o r y  s c o r e s  f o r  b e e f  h a m b u r g e r s

Sensory attributes*
Beef connective tissue (BCT) replacement in 

hamburgers (%)
10 20 30

Red color1 6,38a (0,28) 4,3 l b (0,36) 3,01'(0,40)
Sinew amount2 4,15'(0,40) 6,35b(0,23) 7,90a (0,26)
Firmness3 5,3 lb (0,35) 6,42a (0,32) 7,04a (0,27)
Connective tissue amount4 4,76b (0,48) 5,58b (0,47) 6,66a (0,32)
Characteristic flavour5 6,88a (0,47) 5,93a-b (0,49) 5,52b(0,46)
Mastigability6 36b(3) 37b(4) ___ 44a(5)

* Means of II judgments using 10cm linear scale: '0=slight; 10=intense; 20=none- 
10=very abundant; 30=not firm; 10=very firm; 40=none; 10=abundant; 50=slight;’ 
10=intense; "Number of chews

Means on the same horizontal row with different superscripts are significantly 
different (p<0,05) ( ) Standard error of the mean

Table 3. L a b o r a t o r y  c o n s u m e r  t e s t  f o r  g r o u n d  b e e f  m e a t  a d d e d  w i t h  
b e e f  c o n n e c t i v e  t i s s u e  ( B C T )

Beef connective tissue (BCT) replacement in 
Sensory attributes ______________ground meat (%)___________ _

0 10 20 30 __40__
H edonic  sca le1 7,85a 6,24b 4,29' 2,56d 1.47'
Appearance acceptability (0,16) (0,21) (0,20) (0,14) (0,08)
J u s t  r ig h t scale2 -0,21e l,02d 2,21' 2,87b 3,74a
Sinew amount (0.09) (0,13) (0,12) (0,13) (0,08)

Purchase intent scale3 4,63a
(0,12)

3,93b
(0,10)

2,56'
(0,12)

l,75d
(0.11)

1,10'
(O.Qii.

^9=like extremely; 5=neither like not dislike; 1= dislike extremely 
+4=extremely too much; 3-much too much; 2= moderately too much; 1= somewhat too 

much; 0= just right; -1= somewhat too little; -4=extremely too little 
5-definitely would buy; 4=probably would buy; 3=maybe/maybe not, 2=probably would 

not buy; ^definitely would not buy a-b'cMeans on the same horizontal row with differ*®1 
superscripts are significantly different (p<0,05) - 57 judgments

Collagenous connective tissue In ground beef meat

20 40 60 80 100
Predicted beef connective tissue (%)

120

Collagenous connective tissue per total protein in ground beef meat

# ) ( / ) ( ] )  3  M  ^  O  ♦= o
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y = 0,3434x + 4,4536 
R 2 = 0,9728

i
20 40 60 80 100

Predicted beef connective tissue (% )
120

F ig u re  1. Linear regression curve for predicting measured collageneous connective ns7uef7r amountofberf connective tissue adied
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