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Early meat research placed emphasis on quantity characteristics 

of production but more recently studies have been directed toward 
the quality aspects of meat. These attributes are naturally of 
more interest to the consumer since color, flavor, tenderness and 
juiciness are readily discernible to the senses. Modern research 
has allowed us to define these parameters, measure, predict and 
improve them and relate them to physiological and biochemical
events taking place in the tissue.

Today, I will be dealing with just one palatability factor- 
texture-but consumer studies have indicated that this is the most 
important determiner of meat acceptability. Meat texture may be 
defined not m  terms of coarseness or fineness of the muscle fiber 
bundles but more broadly and as is done for other food products 
as the mechanical properties of the tissue and, as such)it should 
be able to be measured objectively. Tenderness, on the other 
hand' imP1ies a subjective evaluation and ultimately must be 
assessed organoleptically via such characteristics as juiciness, 
ease of tooth penetration and the amount of residue after chewing.
Tbus the overall impression of tenderness includes texture and these 
Sensory aspects.

The texture of meat, that is its mechanical properties, is a 
^Unction of structure and composition. Meat has the most complex 
structure of any foodstuff and for this reason measuring meat tex- 
ture and interpreting the results is difficult and confusing.
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A ls o ,  o f  c o u r s e ,  m u s c le s  v a r y  i n  c o m p o s it io n  and s t r u c t u r e  among 

th e  o v e r  300 a n a t o m ic a l ly  d i s t i n c t  u n i t s  fo u n d  i n  t h e  m u s c u la t u r e  

o f  th e  t h r e e  common d o m e s t ic  s p e c i e s .

Much h a s  b e e n  le a r n e d  r e c e n t l y  a b o u t  m u s c le  s t r u c t u r e  t h a t  

s h o u ld  p r o v e  u s e f u l  t o  t h o s e  in v o lv e d  w it h  m e a t t e x t u r e .  B o th  th e  

t r a n s m is s io n  e le c t r o n  m ic r o s c o p e  and  t h e  s c a n n in g  e le c t r o n  m ic r o ­

sc o p e  (SEM) h a s  c o n t r ib u t e d  t o  o u r  k n o w le d g e  i n  t h i s  a r e a .  The

l a t t e r  in s t r u m e n t  i s  w e l l - s u i t e d  f o r  s t u d y in g  b o th  th e  s u r f a c e  o f  

m u s c le  f i b e r s  a n d /w it h  f r a c t u r i n g  t e c h n iq u e s ,  i n t e r n a l  s t r u c t u r e  

a s  w e l l .

One a s p e c t  o f  m eat t e x t u r e  t h a t  h a s  b e e n  d o cu m e n te d  u s in g  th e  

SEM i s  th e  a g in g  phenom enon i n  b e e f  m u s c le .  We h a v e  lo o k e d  a t  th e  

d e v e lo p m e n t o f  s t r u c t u r a l  c h a n g e s  i n  ag e d  b o v in e  p s o a s  m u s c le  

( E in o  and S t a n l e y ,  1 9 7 2 )  . T h i s  m u s c le  w as c h o s e n  s in c e  i t  h a s  

l i t t l e  c o n n e c t iv e  t i s s u e  and  a l lo w s  t h e  u n d e r ly in g  s t r u c t u r e  to  

be se e n  d i r e c t l y .  F i x a t i o n  w as i n  10 %  f o r m a l i n ;  s a m p le s  w ere  

s u b s e q u e n t ly  c o a t e d  w it h  g o ld .  A m ic r o g r a p h  o f  p r e - r i g o r  m u s c le  

f ix e d  2h p o s t -m o r t e m  show s i n t a c t  f i b e r s  and  p ro n o u n c e d  e le v a t e d  

t r a n s v e r s e  e le m e n t s  w it h  s m a l l e r  e le m e n t s  l y i n g  i n  t h e  g ro o v e  

b e tw e e n  th e m . T h e s e  s t r u c t u r e s  h a v e  b e e n  i n t e r p r e t e d  a s  e i t h e r  

r a i s e d  A b a n d s  w it h  Z - l i n e s  l y i n g  i n  t h e  r e s u l t a n t  o f  t h e  d e p r e s  

I  b and  ( S t a n le y  and G e i s s i n g e r ,  i n  p r e s s )  o r  t h e  c o n s e q u e n c e  o f  3 

n e tw o rk  o f  s a r c o p la s m ic  r e t ic u lu m  c o v e r in g  t h e  Z - l i n e s  and I  

b a n d s  ( S c h a l l e r  and  P o w r ie ,  1 9 7 1 )  . I n  some c a s e s  t h e  s a r c o le m n ‘a l  

s h e a t h  i s  rem oved d u r in g  s a m p le  p r e p a r a t io n  e x p o s in g  t h e  u n d e r ly  ' 

m y o f i b r i l s .  T h e s e  a l s o  show t h e  p r e d o m in a n t  t r a n s v e r s e  e le m e n t ^ -
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A t d a y  2 o f  a g in g  a s l i g h t  b u t  n o t i c a b l e  f l a t t e n i n g  o f  t h e  t r a n ­

s v e r s e  r id g e s  h a d  o c c u r r e d  w h i le  b y d a y  4 a n  a lm o s t  p la n e  s u r f a c e  

w as o b s e r v e d .

B y d a y  5 t r a n s v e r s e  f i s s u r e s  w e re  b e c o m in g  a p p a r e n t  and t h e  

e x t e n t  o f  t h i s  dam age in c r e a s e d  s t e a d i l y  t h r o u g h o u t  a g in g  so  t h a t  

a t  d a y  1 2  e x t e n s iv e  f i b e r  b r e a k a g e  may be s e e n .  When b ro k e n  

f i b e r s  a r e  v ie w e d  w it h  t h e  SEM t h e  e v e n e s s  o f  t h e  b r e a k  s u g g e s t s  

t h a t  a l l  th e  m y o f i b r i l s  h a d  b r o k e n  a t  th e  same p o in t  a lo n g  th e  

s a r c o m e r e , p r o b a b ly  a t  t h e  Z - l i n e .

O t h e r  i n v e s t i g a t o r s  h a v e  e x a m in e d  s k e l e t a l  m u s c le  w it h  t h e  

SEM and th e  w o rk o f  S c h a l l e r  and P o w r ie  a t  t h e  D e p a rtm e n t o f  Food 

S c ie n c e ,  U n i v e r s i t y  o f  B r i t i s h  C o lu m b ia  w it h  c r y o f r a c t u r e d  s a m p le s  

o f  f i s h ,  t u r k e y  and  b e e f  a l s o  show ed c h a n g e s  i n  t r a n s v e r s e  

e le m e n t s  i n  ag e d  s a m p le s  ( S c h a l l e r  and P o w r ie ,  1 9 7 1 )  . The r e s u l t s  

o b t a in e d  t h u s  f a r  w it h  s c a n n in g  e l e c t r o n  m ic r o s c o p y  i n d i c a t e  t h a t  

t h i s  in s t r u m e n t  s h o u ld  c o n t in u e  to  p r o v id e  v a lu a b le  in f o r m a t io n  

a b o u t  m e at s t r u c t u r e .

The m o st common q u e s t io n  a s k e d  c o n c e r n in g  m e at i s  "How 

t e n d e r  i s  i t ? "  T h i s  a c t u a l l y  m eans th e  s im u lt a n e o u s  s u b j e c t i v e  

a s s e s s m e n t  o f  t h e  s e v e r a l  c h a r a c t e r i s t i c s  m e n t io n e d  p r e v i o u s l y .  

U n f o r t u n a t e l y ,  none o f  t h e  o b j e c t i v e  m e th o d s d e v is e d  t h u s  f a r  h a v e  

s u c c e e d e d  i n  e x a c t l y  r e p l a c i n g  t h e  human s e n s e s  i n  t h e i r  a b i l i t y  

t o  e v a lu a t e  and d e s c r ib e  m eat t e n d e r n e s s .  A t  p r e s e n t  p e r h a p s  

t h e  m o st w id e ly  u s e d  t e c h n iq u e  f o r  s u b j e c t i v e l y  m e a s u r in g  t e n d e r ­

n e s s  h a s  b e e n  t h e  u s e  o f  h e d o n ic  s c o r in g  f o r  f l a v o r ,  j u i c i n e s s ,  

t e n d e r n e s s  and o v e r - a l l  a c c e p t a b i l i t y .  U s u a l l y  b e tw e e n  3 and 1 2  

p a n e l i s t s  a r e  u s e d  and s a m p le s  a r e  g ra d e d  on a s c a l e  v a r y in g  fro m
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p o s s i b l y  ' l i k e  e x t r e m e ly '  t o  - d i s l i k e  e x t r e m e ly ' w h ic h  i s  s u b s e q u e n t ly  

t r a n s f o r m e d  i n t o  s c o r e s  fro m  1  t o  1 0 .  T h e  p s y c o l o g i c a l  e r r o r  o f  

' c e n t r a l  t e n d e n c y '  i s  com m only e n c o u n t e r e d  i n  t h i s  t y p e  o f  s c o r i n g -  

T h i s  i s  r e f l e c t e d  i n  an a d v e r s ió n  o f  t h e  ju d g e s  to w a rd  u s in g  t h e  

e x tre m e  v a lu e s  o f  a s c a l e .  I t  i s  l i k e l y  t h a t  t h i s  d i f f i c u l t y  may 

be p a r t i a l l y  o v e rco m e  b y u s in g  an  u n s t r u c t u r e d  s c a l e ,  f o r  e x a m p le  

th e  p a n e l may be a s k e d  t o  p la c e  a t i c k  on a h o r i z o n t a l  l i n e  

c o n n e c t in g  p o in t s  r e p r e s e n t in g  e x t r e m e ly  to u g h  and  e x t r e m e ly  t e n d e r  

a t  a l o c a t i o n  c o r r e s p o n d in g  to  t h e i r  o p in io n  o f  t h e  s a m p le  t e n d e r -  

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

a t  p r e d i c t i n g  co o k e d  m e at t e n d e r n e s s  fro m  p h y s i c a l  p r o p e r t ie s  o f  

o f  th e  raw  t i s s u e  ( S t a n le y  e t  a l .  1 9 7 2 ) .

Two o t h e r  p o in t s  c o n c e r n in g  s u b j e c t i v e  e v a l u a t i o n  came up

d u r in g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  t h a t  may be o f  i n t e r e s t

t o  t h i s  g r o u p . T h e  f i r s t  i s  c h o s in g  a s u b j e c t i v e  p a n e l .  I t  h a s

b e e n  c o r r e c t l y  p o in t e d  o u t  t h a t  t h e  q u a l i t y  o f  t h e  p a n e l and th e

v a l i d i t y  o f  i t s  e v a l u a t i o n  d e p e n d s on th e  s e l e c t i o n  and t r a i n i n g

p r o c e d u r e s  e m p lo y e d  ( S z c z e s n ia k  and T o r q e s o n , 1 9 6 5 ) .  I n  t h i s  work

we s e le c t e d  10  p a n e l m em bers fro m  25 s u b je c t s  on t h e  b a s i s  o f  t h e i r
1

a b i l i t y  to  d i s c r i m i n a t e  b e tw e e n  c o o k e d  s h a n k  and t e n d e r l o i n  samp 

a s  w e l l  a s  t h e i r  co m p e te n cy  i n  p a i r i n g  t h e s e  to u g h  and t e n d e r  cU 

S u b je c t s  w ere  g iv e n  f o u r  s a m p le s ,  two o f  e a c h  c u t ,  and a s k e d  to  

e v a lu a t e  them  f o r  t e n d e r n e s s ,  e l a s t i c i t y  and chew  c o u n t  on an 

u n s t r u c t u r e d  fo rm . T h o s e  who r e c o r d e d  t h e  l a r a e s t  d i f f e r e n c e  b e t  

ween s h a n k  and t e n d e r l o i n  and who h a d  th e  s m a l l e s t  d i f f e r e n c e  

b e tw e e n  d u p l ic a t e  s a m p le s  w e re  s e le c t e d  a s  p a n e l m e m b e rs.
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T h e  s e c o n d  p o in t  i s  t h e  u s e  o f  s t a n d a r d  s a m p le s .  I n  a d d it io .n  

to  th e  m e at e a c h  ju d g e  a ls o  r e c e iv e d  a s a m p le  o f  r e h y d r a t e d  u n ­

f la v o u r e d  t e x t u r iz e d  s o y  p r o t e i n .  T h e  p a n e l w as t o l d  t h a t  t h e  

s t a n d a r d  s a m p le  w as to  b e  t h e  same a t  e a c h  t e s t i n g  s e s s io n  and 

to  ju d g e  t h e  m e at s a m p le s  r e l a t i v e  t o  th e  s t a n d a r d  and n o t  e a c h  

o t h e r .  I t  w as ho ped  t h a t  th e  s t a n d a r d  w o u ld  be u s e f u l  i n  d e c r e a s ­

in g  d i f f e r e n c e s  among p a n e l m em bers and i n  p r o v id in g  c o n t i n u i t y  

b e tw e e n  p a n e l s .  When t h i s  w as c h e c k e d  s t a t i s t i c a l l y  i t  w as fo u n d  

t h a t  f o r  t h e  t e n d e r n e s s  and e l a s t i c i t y  t e s t  c o r r e c t i n g  t h e  d a t a  

b y  s u b t r a c t i n g  t h e  v a lu e  f o r  t h e  s t a n d a r d  d id  n o t  im p ro v e  c o r r e ­

l a t i o n s  w it h  o b j e c t i v e  m e th o d s b u t  a v e r y  d r a m a t ic  in c r e a s e  was 

s e e n  w it h  t h e  chew c o u n t  t e s t  i n  w h ic h  th e  p a n e l was a s k e d  to  

r e c o r d  t h e  num ber o f  u n if o r m  chew s r e q u ir e d  t o  o b t a in  a c o n s is t e n c y  

a t  w h ic h  t h e  s a m p le  w o u ld  n o r m a l ly  be s w a llo w e d . When t h e  v a lu e

f o r  t h e  s t a n d a r d  w as s u b t r a c t e d  fro m  t h a t  o f  t h e  sa m p le  a la r g e
* *

im p ro v e m e n t w as n o te d  ( u n c o r r e c t e d ,  r = - . 0 7 ;  c o r r e c t e d ,  r —.7 6  ) .

T h u s i t  a p p e a r s  t h a t  t h e  u s e  o f  a s t a n d a r d  d o e s im p ro v e  p a n e l 

c o n t i n u i t y  i n  t h i s  t e s t .

O ft e n  t h e  d a t a  fro m  s u b j e c t i v e  t e s t s  a r e  c o r r e l a t e d  w it h  

o b j e c t i v e  a n a l y s e s .  I n  t h i s  c a s e  i t  m u st be b o rn e  i n  m in d  t h a t  

w h ile  o b j e c t i v e  m e a su re m e n ts  a r e  u s u a l l y  made w it h  in s t r u m e n t s  

t h a t  g iv e  d a t a  fro m  a r a t i o  s c a l e ,  t h a t  i s  fro m  a s c a l e  w h ic h  

h a s  a t r u e  z e r o  p o in t  a s  i t s  o r i g i n  and t h e  r a t i o  o f  a n y  two 

P o in t s  on th e  s c a l e  i s  in d e p e n d e n t  o f  t h e  u n i t  o f  m e a s u re m e n t, 

t a s t e  p a n e l r e s u l t s  c a n  be t a k e n  a s  h a v in g  come fro m  m e th o d s 

b a s e d  on o r d i n a l  o r  r a n k in g  s c a l e s  t h a t  do n o t  assu m e  t h e s e  

c o n d i t i o n s .  H e n ce  i t  becom es much m ore v a l i d  to  u s e  n o n -p a r a m e t r ic
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s t a t i s t i c s .  The K e n d a l l  c o r r e l a t i o n  c o e f f i c i e n t ,  b a s e d  on r a n k ­

in g s  o f  th e  d a t a  r a t h e r  th a n  a b s o lu t e  d i f f e r e n c e s ,  seem s much 

more v a l i d  f o r  t h e s e  s i t u a t i o n s  t h a n  t h e  c o r r e s p o n d in g  p a r a m e t r i  

t e s t  ( P e a r s o n 's  c o r r e l a t i o n  c o e f f i c i e n t ) .

Many p i t f a l l s  a w a it  t h o s e  a t t e m p t in g  i n s t r u m e n t a l - s e n s o r y  

c o r r e l a t i o n s  ( S z c z e s n ia k ,  1 9 6 8 , 1 9 7 2 ) .  A n o t h e r  a p p r o a c h  to  

a s s e s s in g  t h e  r e l a t i o n s h i p  b e tw e e n  t h e s e  d a t a  h a s  r e c e n t l y  

b e e n  a d v a n c e d  b y  Larm o nd  and P e t r a s o v i t s  a t  t h e  C a n a d ia n  D e p a r t ­

m ent o f  A g r i c u l t u r e  i n  O tta w a  (Larm o n d  a n d . P e t r a s o v i t s , i n  th e  

p r e s s ) . R a t h e r  t h a n  u s in g  c o r r e l a t i o n s  t h e  r e l a t i o n s h i p  betw een 

o b j e c t i v e  and s u b j e c t i v e  d a t a  w as c h a r a c t e r iz e d  by e s t im a t in g  

th e  p r o b a b i l i t y  t h a t  t h e  p a n e l w o u ld  d e t e c t  a g iv e n  d i f f e r e n c e  

m  s h e a r  v a l u e s .  T h i s  t e c h n iq u e  a s  w e l l  a s  t h e  n o n -p a r a m e t r ic  

m ethod m e n t io n e d  e a r l i e r  e l i m i n a t e s  t h e  n e c e s s i t y  o f  a s s u m in g  a 

n o rm a l d i s t r i b u t i o n  w h ic h  i s  u s u a l l y  v i o l a t e d  s in c e  p a n e l s c o r e s  

a r e  o f t e n  r e s t r i c t e d  t o  10  o r  l e s s  p o s s i b l e  v a lu e s  when h e d o n ic  

s c o r in g  i s  u s e d .

B r i e f l y ,  t h i s  m ethod c o n s i s t s  o f  p r e s e n t in g  ju d g e s  w it h  p a ir e d  

s a m p le s  and a s k in g  f o r  t h e i r  e v a lu a t io n  o r  t o  w h ic h  i s  t o u g h e r -  

E a c h  s a m p le  i s  a l s o  m e a su re d  o b j e c t i v e l y ,  f o r  e x a m p le  p e a k  

s h e a r in g  f o r c e  w it h  th e  W a r n e r - B r a t z l e r  s h e a r .  T h e s e  d a t a  a r e  

t h e n  s u b je c t e d  t o  p r o b i t  r e g r e s s io n  a n a l y s i s  w h ic h  a l lo w s  

c a l c u l a t i o n  o f  th e  p r o b a b i l i t y  o f  a g re e m e n t b e tw e e n  o b j e c t i v e  

and s u b j e c t i v e  a n a ly s e s  f o r  a g iv e n  d i f f e r e n c e  i n  p e a k  s h e a r in g  

f o r c e .  T h is  v a r i e d  fro m  50% f o r  a h e ig h t  d i f f e r e n c e  o f  z e r o  to 

90% f o r  a d i f f e r e n c e  o f  a ro u n d  1 . 5  kg  t o  9 9 .9 9 %  f o r  a difference 
of. a ro u n d  4 .5  k g .  The m o d e l w as fo u n d  to  g iv e  a good f i t  f o r
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p a ir e d  c o m p a r is o n  d a t a  o b t a in e d  fro m  b e e f  lo n g is s im u s  d o r s i  

and se m im e m b ra n o su s m u s c le s  and t h e  a u t h o r s  c o n c lu d e d  t h a t  

th e  o b j e c t i v e  m e th o d s e m p lo y e d  c o u ld  p r e d i c t  t e n d e r n e s s  a s s e s s ­

m e n ts b y  a s e n s o r y  p a n e l and th e  p r o b i t  s t a t i s t i c a l  a n a l y s i s  

w as u s e f u l  i n  e s t im a t in g  t h e  e x t e n t  t o  w h ic h  s h e a r  v a lu e s  c a n  

be u s e d  a s  p r e d i c t o r s  o f  t e n d e r n e s s .

T h e r e  h a v e  b e e n  a m y r ia d  o f  w ays d e v e lo p e d  f o r  o b j e c t i v e l y  

m e a s u r in g  m eat t e x t u r e .  P r e s e n t l y ,  t h e  m o st w id e ly  u s e d  o b j e c t i v e  

m ethod u s e d  in v o l v e s  m eans b y  w h ic h  f o r c e  i s  a p p l ie d  a c r o s s  

m u s c le  f i b e r s  v i a  a b l u n t  ed g e and  t h e  am ount o f  f o r c e  r e q u ir e d  

t o  s h e a r  t h e  s a m p le  i s  r e c o r d e d .  T h e  W a r n e r - B r a t z l e r  S h e a r ,  

f i r s t  d e s c r ib e d  i n  1 9 2 8 ,  i s  s t i l l  t h e  m o st com m only e m p lo ye d  

in s t r u m e n t  f o r  o b j e c t i v e  t e s t i n g  o f  m e a t . T h is  p r o c e d u r e  i s  

o pen t o  c r i t i c i s m  on s e v e r a l  g ro u n d s  and  r e p o r t e d  c o r r e l a t i o n s  

b e tw e e n  W a r n e r - B r a t z l e r  S h e a r  v a lu e s  and  t a s t e  p a n e l r e s u l t s  

v a r y  fro m  no s i g n i f i c a n c e  to  v e r y  h ig h  s i g n i f i c a n c e .  S u c h  

v a r i a b l e s  a s  o r i e n t a t i o n  o f  m u s c le  f i b e r s ,  s a m p le  t e m p e r a t u r e ,  

sp e e d  o f  s h e a r in g  an d  b la d e  d u l l n e s s  a r e  d i f f i c u l t  t o  c o n t r o l .  

U s u a l ly  o n ly  t h e  maximum s h e a r  f o r c e  i s  m e a su re d  and n o t  t h e  

s lo p e  o f  t h e  s h e a r  f o r c e  c u r v e  w h ic h  h a s  b e e n  s u g g e s t e d  to  be 

more m e a n in g f u l a lt h o u g h  i t  s h o u ld  be m e n t io n e d  t h a t  t h e  r e s u l t s  

o f  Larm o n d  and P e t r a s o v i t s  in d i c a t e d  t h a t  maximum s h e a r  f o r c e  was 

a b e t t e r  p r e d i c t o r  o f  t a s t e  p a n e l r e s p o n s e  t h a t  s l o p e .  S h e a r in g  

d e v ic e s  a r e  i n h e r e n t l y  e m p i r i c a l  i n  n a t u r e  and i t  i s  n o t  c l e a r  

that t h e s e  in s t r u m e n t s  m e a su re  t h e  sam e c h a r a c t e r i s t i c s  i n  meat 
a s do s e n s o r y  p a n e l s .  P e r h a p s  t h e  m o st s e r io u s  t h e o r e t i c a l
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o b je c t io n  h a s  b e e n  r a i s e d  b y P o o l and K lo s e  (19 6 9 ) who s u g g e s t  

t h a t  m e at s a m p le s  s u b je c t e d  t o  s h e a r in g  s t r e s s  a r e  d i s t o r t e d  

to  t h e  p o in t  t h a t  p a r t  o f  t h e  a p p l ie d  s h e a r  f o r c e  i s  a l t e r e d  to  

a t e n s i l e  s t r e s s  o f  t h e  s t r e t c h i n g  f i b e r s .  T h e  s e p a r a t io n  o f  

f i b e r s  i s  t h u s  due m ore to  t e n s i l e  f o r c e  p e r p e n d ic u la r  t o  th e  

b la d e  t h a n  s h e a r  f o r c e  p a r a l l e l  t o  t h e  b la d e .

I t  i s  c l e a r  fro m  t h i s  b r i e f  d i s c u s s i o n  t h a t  t h e  W a r n e r -  

B r a t z l e r  a p p a r a t u s  h a s  l i m i t a t i o n s  i n  i t s  u s e f u l n e s s .  V o is e y  

and H a n se n  ( 1 9 6 7 )  a t  t h e  C a n a d ia n  D e p a rtm e n t o f  A g r i c u l t u r e  

h a v e  u p d a te d  th e  b a s i c  W a r n e r - B r a t z l e r  d e s ig n  b y p r o d u c in g  an 

in s t r u m e n t  t h a t  r e c o r d s  t h e  f o r c e  r e q u ir e d  t o  c o n t in u o u s ly  d e fo rm  

th e  s a m p le  u s in g  a c o n s t a n t  b u t  c h a n g a b le  m o to r d r iv e n  d r i v e .

The s h e a r in g  f o r c e  i s  d e t e c t e d  b y s t r a i n  g a g e s  and t h e i r  o u t p u t  

i s  a m p l i f i e d  and  fe d  to  a s t r i p  c h a r t  r e c o r d e r .  T h i s  a l lo w s  

maximum in f o r m a t io n  t o  be g a in e d  s i n c e  i t  p r o v id e s  d a t a  on 

maximum f o r c e  ( f o r c e  o f  r u p t u r e ) ,  i n i t i a l  s lo p e  and w o rk o f  

r u p t u r e  ( a r e a  u n d e r  f o r c e - d i s t a n c e  c u r v e ) .

A n o t h e r  t r a d i t i o n a l  in s t r u m e n t  o f  th e  s h e a r in g  t y p e  i s  th e  

K ra m e r S h e a r  P r e s s  w h ic h  when e q u ip p e d  w it h  t h e  s h e a r in g  c e l l  

c o n s is t s  o f  10  b a r s  t h a t  a r e  d r iv e n  dow nward b y a h y d r a u l i c  

d r i v e  t h r o u g h  t h e  s a m p le  w h ic h  i s  h e ld  i n  a box h a v in g  a 

c o r r e s p o n d in g  num ber o f  s l o t s  on t h e  b o tto m  t h r o u g h  w h ic h  

t h e  b a r s  e x t r u d e  p o r t io n s  o f  t h e  s h e a r e d  s a m p le . B e s id e s  th e  

p r o b le m s  m e n t io n e d  p r e v i o u s l y  t h i s  a p p a r a t u s  c o n fo u n d s  co m -l
p r e s s io n  and e x t r u s io n  w it h  s h e a r in g .  S z c z e s n ia k  e t  a l .

( 19 7 0 )  h a v e  p o in t e d  o u t  t h a t  w it h  many fo o d  p r o d u c t s  i n c l u d i n g

nd
m eat a n o n - l i n e a r  r e l a t i o n s h i p  e x i s t s  b e tw e e n  s a m p le  w e ig h t  a
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b o th  maximum f o r c e  and p e a k  a r e a .

T h u s , a t  p r e s e n t  m o st o f  t h e  o b j e c t i v e  m e th o d s u s e d  f o r  

m eat t e n d e r n e s s  u s e  some fo rm  o f  a s h e a r in g  d e v ic e  and r e c o r d  

t h e  f o r c e  r e q u ir e d  t o  s h e a r  o r  c o m p re ss  a g iv e n  am ount o f  sa m p le  

a c r o s s  t h e  m u s c le  f i b e r s .  An in s t r u m e n t  w h ic h  a l lo w s  t h e  a p p ­

l i c a t i o n  o f  f o r c e  p a r a l l e l  t o  t h e  f i b e r s  i s  t h e  I n s t r o n  U n iv e r s a l  

T e s t in g  M a c h in e  and o t h e r s  o f  t h i s  t y p e  i n c l u d i n g  t h e  O tta w a  

T e x t u r e  M e a s u r in g  S y s te m  d e v is e d  b y  V o is e y  ( 1 9 7 1 )  . T h e se  

in s t r u m e n t s  a l lo w  m e a su re m e n t o f  t h e  f o r c e  and  wo r k  r e q u ir e d  

to  p u l l  m eat a p a r t  o r  s t r e t c h  i t  and  t h e  am ount o f  e lo n g a t io n  

t h e  s a m p le  u n d e rg o e s  p r i o r  t o  r u p t u r e .  T h e  u se  o f  t h i s  i n s t ­

ru m e n t f o r  e v a l u a t i n g  m eat t e n s i l e  p r o p e r t ie s  h a s  b e e n  d e s c r ib e d  

by S t a n le y  e t  a l .  ( 1 9 7 1 )  and b y B o u to n  and  H a r r i s  ( 1 9 7 2 )  .

The I n s t r o n  t e s t e r  c a n  a ls o  be u s e d  f o r  o t h e r  o b j e c t i v e  

m e th o d s o f  m eat t e x t u r e .  T h e  s l . ic e - t e n d e r n e s s  e v a lu a t io n  d e v ­

e lo p e d  a t  th e  U n it e d  S t a t e s  D e p a rtm e n t o f  A g r i c u l t u r e  i n  B e l t s -  

v i l l e ,  M a r y la n d  ( K u lw ic h  e t  a l , 19 6 3 )  c o n s is t s  o f  a sa m p le  h o ld e r  

i n  w h ic h  a s l i c e  o f  m eat i s  m ounted and a p e n e t r a t o r  t h a t  f i r s t  

p u n c t u r e s  and th e n  s h e a r s  a p o r t io n  o f  th e  t i s s u e .  A n o t h e r  

m ethod h a s  b e e n  a d v a n c e d  b y  P o o l ( 19 6 7 )  a t  th e  U n it e d  S t a t e s  

D e p a rtm e n t o f  A g r i c u l t u r e  i n  A lb a n y ,  C a l i f o r n i a .  T h i s  t e c h n iq u e  

m e a s u re s  t h e  c o h e s iv e  f o r c e  h o ld in g  m u s c le  f i b e r s  t o g e t h e r  

w h ic h  h a s  b e e n  te rm e d  c o n n e c t iv e  t i s s u e  t e n a c i t y .  T h i s  p a r a m e t e r  

was c l o s e l y  c o r r e l a t e d  w it h  a l k a l i  i n s o l u b l e  h y d r o x y p r o l in e  

and i n v e r s e l y  r e l a t e d  t o  c o o k in g  t im e  o f  p o u l t r y  m e a t. T h e  

p r o c e d u r e  c a l l s  f o r  p lu g s  o f  m u s c le  to  be g lu e d  to  s m a l l  p l a t e s  

P e r p e n d ic u la r  to  th e  g r a i n  and  th e  w o rk r e q u ir e d  to  p u l l  th e
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p l a t e s  a p a r t  i s  m e a su re d  w it h  an I n s t r o n .

A lt h o u g h  t im e  d o e s n o t  a l lo w  a f u r t h e r  d i s c u s s i o n  o f  th e  

r e c e n t  a d v a n c e s  i n  p h y s i c a l  m eth o d s o f  m e a s u r in g  m e a t t e x t u r e  

s u c h  a s  th e  A rm our T e n d e r o m e t e r  ( C a r p e n t e r  e t  a l . ,  1 9 7 2 )  

o r  th e  r o t a t i n g  d u l l  k n i f e  t e n d e r o m e t e r  (A n d e rs o n  e t  a l . , 1 9 7 2 )  

a new in s t r u m e n t  t h a t  may p r o v e  u s e f u l  f o r  m e at m e a su re m e n ts  

s h o u ld  be m e n t io n e d  b r i e f l y .  T h i s  i s  t h e  r o t a t i o n a l  rh e o m e te r  

w h ic h  h a s  t h e  c a p a b i l i t y  t o  d e t e c t  t o r q u e  and f o r c e  i n  t h r e e  

d i r e c t i o n s  t h r o u g h  th e  u s e  o f  m u l t i p l e - s t r e s s  d e t e c t in g  t r a n s ­

d u c e r s  (M aco sko  and  S t a r i t a ,  1 9 7 1 )  . S t r e s s  i s  a p p l ie d  t o  th e  

s a m p le  t h r o u g h  an u p p e r  and  lo w e r  r o t a t i n g  s p i n d l e .  V a r io u s  

r o t a t i n g  g e o m e t r ie s  i n c l u d i n g  e c c e n t r i c  modes may be u s e d  and 

s t r e s s  c a n  be a p p l ie d  i n  e i t h e r  a s t e a d y  o r  d y n a m ic  m a n n e r. I t  

c o u ld  be t h a t  th e  s t e a d y  o r  d y n a m ic  d e f o r m a t io n  o f  m e at i n  a 

t o r s i o n a l  s h e a r  t y p e  o f  t e s t  may p r o v e  a u s e f u l  m ethod f o r  

t e n d e r n e s s .

W h ile  p h y s i c a l  t e s t s  h a v e  b e e n  t h e  m o st w id e ly  u se d  f o r  m eat 

t e x t u r e ,  c h e m ic a l  m e th o d s h a v e  a l s o  b e e n  d e v e lo p e d . W ork b y Khan 

i n  th e  Fo od T e c h n o lo g y  s e c t i o n  o f  t h e  N a t io n a l  R e s e a r c h  C o u n c i l  

o f  C a n a d a  h a s  e s t a b l i s h e d  t h a t  t h e  pH o f  b e e f  im m e d ia t e ly  a f t e r  

s l a u g h t e r  i s  i n d i c a t i v e  o f  how t e n d e r  th e  m eat w i l l  be and how 

lo n g  i t  w i l l  r e q u ir e  t o  ag e  (K h an  and L e n t z ,  i n  th e  p r e s s ) .

The pH m e a su re m e n ts  a r e  made a s  so o n  a s  th e  c a r c a s s e s  a r e  s p l i t  

and a r e  t a k e n  on th e  m u s c le s  e x p o s e d  d u r in g  s p l i t t i n g .  I t  h a s  

b e e n  fo u n d  t h a t  m e at fro m  c a r c a s s e s  h a v in g  pH v a lu e s  b e tw e e n  6 .6  

and 7 . 1  w i l l  g e n e r a l l y  be t e n d e r  and  r e q u ir e  o n ly  f o u r  to  s i x  

d a y s  o f  a g in g  w h i le  m e at fro m  c a r c a s s e s  i n  th e  r a n g e  o f  5 .8  to  6 -2
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w i l l  be l e s s  t e n d e r  and r e q u i r e  lo n g e r  a g in g .

Renewed i n t e r e s t  h a s  b e e n  g iv e n  t o  c o n n e c t iv e  t i s s u e  m e a s u re ­

m e n ts i n  m e at a s  i n d i c a t o r s  o f  t e n d e r n e s s .  A lt h o u g h  many p r e v io u s  

s t u d ie s  h a v e  shown t h a t  h y d r o x y p r o l in e  a s s a y s  a lo n e  a r e  n o t a good 

p r e d i c t o r  o f  e i t h e r  t a s t e  p a n e l s c o r e s  o r  m e c h a n ic a l  r e s u l t s ,  r e c e n t  

w ork u t i l i z i n g  m e th o d s t h a t  g iv e  m ore d e t a i l e d  in f o r m a t io n  a b o u t  th e  

c o l la g e n  m o le c u le  a p p e a r  p r o m is in g  a s  a t e s t  f o r  t e n d e r n e s s .  R e s e a r c h ­

e r s  a t  th e  U n i v e r s i t y  o f  W yom ing ( K r u g g e l and  F i e l d ,  1 9 7 1 ;  P f e i f f e r  

e t  a l . ,  1 9 7 2 )  h a v e  p r e s e n t e d  d a t a  t h a t  s u g g e s t  t h a t  a g in g  b e e f  

m u s c le  a l t e r s  th e  m o le c u la r  s t r u c t u r e  o f  in t r a m u s c u l a r  c o l la g e n  and  

t h a t  a s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  b e tw e e n  t h e  q u a n t i t y  o f  e a c h  

c o l la g e n  c h a in  co m p o nent and m u s c le  s h e a r  v a l u e s .  A g in g  d e c r e a s e s  

t h e  am ount o f  c o l la g e n  c r o s s - l i n k s  and  s h e a r  v a lu e s  d e c r e a s e  w it h  

d e c r e a s e d  c r o s s - l i n k i n g .

T im e  h a s  o f  n e c e s s i t y  l i m i t e d  t h i s  p r e s e n t a t io n  t o  a b r i e f  

d e s c r i p t i o n  o f  a few  o f  t h e  m ore r e c e n t  d e v e lo p m e n ts  i n  t h e  o b j e c t i v e  

and s u b j e c t i v e  a n a l y s i s  o f  m e a t t e x t u r e .  Many n o t e w o r t h y  c o n t r i b u t i o n s  

h a v e ,,  r e g r e t f u l l y ,  b e e n  l e f t  u n m e n t io n e d . To sum u p , l e t  me c i t e  w h a t 

I  f e e l  a r e  s e v e r a l  s i g n i f i c a n t  t r e n d s  t h a t  h a v e  becom e a p p a r e n t  i n  

t h i s  a r e a :  1)  s u b j e c t i v e  m e th o d s a r e  b e c o m in g  m ore s t a t i s t i c a l  i n  

a p p r o a c h  and a l t e r n a t i v e s  t o  p a r a m e t r ic  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  

b e in g  s o u g h t  and u s e d . A lt h o u g h  n o t  m e n t io n e d  d i r e c t l y ,  t h e  t e x t u r e  

P r o f i l e  p a n e l ( S z c z e s n ia k  and  T o r q e s o n , 19 6 5 )  a p p e a r s  p r o m is in g  a s  a 

t e c h n iq u e  f o r  q u a n t i t a t i n g  t h e  co m p le x  s u b j e c t i v e  p a r a m e t e r s  in v o lv e d  i n  

m eat t e n d e r n e s s .  T h i s  m ethod seem s to  h a v e  a c h ie v e d  some d e g re e  o f  

a c c e p t a n c e  i n  i n d u s t r y .  2) o b j e c t i v e  in s t r u m e n t a t io n  i s  p r o l i f e r a t i n g  

and c h a n g in g  fro m  a co m m o d ity  o r i e n t a t i o n  t o  a m u lt ip u r p o s e  o r i e n t a t i o n .  

O p e r a t in g  p a r a m e t e r s  a r e  b e t t e r  known and  more e a s i l y  c o n t r o l l e d .  T h i s  

ma y  h e lp  to  a c h ie v e  some s o r t  o f  s t a n d a r d i z a t i o n  b e tw e en  la b o r a t o r i e s »
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a b a d ly  n e e d e d  im p ro v e m e n t o v e r  t h e  c u r r e n t  s i t u a t i o n .  3) 

t h e  r e a l i z a t i o n  h a s  o c c u r e d  t h a t  i f  m e at t e x t u r e  m e a su re m e n t i s  

to  becom e a n y t h in g  m ore t h a t  an e m p i r i c a l  s c ie n c e  we m u st 

h a v e  a b e t t e r  u n d e r s t a n d in g  o f  t h e  r e l a t i o n  o f  s t r u c t u r a l  

p r o p e r t ie s  t o  t e x t u r e .  T e x t u r e  i n  fo o d  i s  t h e  r e s u l t  o f  th e  

s p a t i a l  a r r a n g e m e n t  o f  c o m p o s it io n a l  e le m e n t s .  A lt h o u g h  m u s c le  

c o m p o s it io n  h a s  b e e n  e lu c id a t e d , e m p h e s is  m u st now be p la c e d  

on u n r a v e l in g  t h e  c o m p le x  s t r u c t u r e - t e x t u r e  r e l a t i o n s h i p s  o f  

m e a t. 4) A t a c i t  c o r o l l a r y  o f  t h i s  p r e m is e  i s  t h a t  s i n c e  t e x t u r e  

o f  m eat i s  a s s u r e d ly  n o t  a c o n s e q u e n c e  o f  o n ly  one f a c t o r  

s e v e r a l  d i f f e r e n t  t y p e s  o f  m e a su re m e n t w i l l  be r e q u ir e d  to  

f u l l y  d e c r ib e  i t .  F a c t o r i a l  a n a l y s i s  an d  m u l t i p l e  r e g r e s s io n  

a n a l y s i s  w i l l  t h e n  e n a b le  t h e  c a l c u l a t i o n  o f  t h e  r e l a t i v e  

im p o r t a n c e  o f  e a c h  m e a su re m e n t i n  p r e d i t i n g  p a n e l r e s p o n s e s .
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