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(i9 6 0 ) th a t  ten d e rn ess  i n  b eef i s  in f lu e n c e d  by the  
number o f w orkers have in v e s t ig a te d  th e  c o r r e la t io n  

easu re  o f th e  c o n t r a c t i l e  s t a t e  o f a m uscle, and 
te n d e rn ess . The l a t t e r  may be determ ined s u b je c t iv e ly  by ta s t e  panel assessm en t, or 
o b je c t iv e ly  by te x tu re  m easuring in s tru m e n ts . The in f lu e n c e  o f c o n t r a c t i l e  s t a t e  on 
¿su tu re  i s  seen most f o r c ib ly  in  th e  phenomenon o f 'c o ld - s h o r te n in g ' (Locker and 
~a67ard , 1963; Harsh and L ee t, 1966), and in  the e f f e c t  on a number o f m uscles o f the  
Posture o f  the c a rc a ss  d u rin g  r ig o r  m o rtis  (h e r r in g , Cassens and B risk ey , 1965; 
H o s te tle r  e t  a l . 1970).

S ince th e  r e p o r t  by Locker 
bogree o f m uscular c o n tr a c t io n  

otween sarcom ere le n g th , as a

A lthough th e re  a re  s e v e ra l  c o n tr ib u tin g  f a c to r s  to  the  te x tu r a l  s t a t e  o f  a muscle 
as &eat, a dominant one i s  th e  connective  t i s s u e  c o n te n t. This may o v e rrid e  th e  
ei f e c t  o f v a r i a t i o n  in  o th e r  f a c to r s ,  as has been shown in  a tte m p ts  to  c o r r e la te  
Sc-hcoiuere le n g th  w ith  te n d e rn e ss  in  muscles hav ing  d i f f e r e n t  connec tive  t i s s u e  
8°ftten t, (L ocker, i960; Cooper, e t  a l , 1969; H o s te t le r ,  e t  a l , 1970). In  the  

°ngissim us d o rs i  m uscle, f o r  in s ta n c e , where th e  co n nec tive  t i s s u e  c o n ten t i s  
f e7& tively low, a s ig n i f i c a n t  c o r r e la t io n  between sarcom ere le n g th  and ten d e rn ess  
aas been re p o r te d , bu t in  th e  sem itena inosus m uscle, w ith  a h ig h e r  co n n ec tiv e  t i s s u e  
C°nte n t ,  change in  sarcom ere le n g th  did no t produce a s ig n i f i c a n t  change in  te x tu r e .

the
of

I f  th e  c o n t r a c t i l e  s t a t e  o f  a  muscle i s  to  assume any im portance in  d e te rm in in g  
q u a l i ty  o f  m uscle as meat th e n  i t  i s  d e s ir a b le  th a t  a  s im p le , y e t  r e l i a b le  method

me a su rin g  sarcom ere le n g th s  be employed. Sarcomere len g th s  have been measured in  
V arie ty  o f  ways. The p re p a ra t io n  of th in  s e c t io n s  o f embedded t i s s u e  fo llow ed by 
e a p p lic a t io n  o f a s u i ta b le  s ta in in g  techn ique  makes i t  p o s s ib le  to  observe and 
asure sarco m eres, u s in g  a l i g h t  m icroscope a t  an  a p p ro p r ia te  le v e l  of m a g n if ic a tio n .
8 spac ing  between a d ja c e n t Z -d is c s , d e f in in g  the  sarcom ere, can be measured a g a in s t  

a C a lib ra ted  ey ep iece  g r a t ic u le .  P h a se -c o n tra s t m icroscopy of u n s ta in e d  p re p a ra t io n s  
^ so re v e a ls  the  d e ta i le d  s t r i a t i o n  p a t te rn  o f  the  muscle f i b r e .  A more s o p h is t ic a te d  

tuod o f m easuring  th e  sp ac in g s  between Z -d isc s  i s  to  reco rd  the  image p h o to g ra p h ic a lly  
t  a then  to  o b ta in  a d e n s ito m é tr ie  tra c e  from th e  n e g a tiv e . The d is ta n c e  between peaks 
n P rese n tin g  th e  Z -d isc s  in  th e  pho tograph ic  image re p re se n ts  th e  in d iv id u a l  sarcom erele Pgth. These methods a re  a c c u ra te  but time consuming.

s An a l t e r n a t iv e  method i s  to  p rep a re  a su sp en sio n  o f m y o fib r ils  from
e * A drop of th e  su sp en sio n  may be examined by p h a s e -c o n tra s t  m icroscopy and 

^ c-surements o f  sarcom ere le n g th s  o b ta in e d . This method i s  more co n v en ien t than  
°Se re q u ir in g  p re p a ra t io n  o f t i s s u e  s e c t io n s ,  b u t i t  has been shown th a t  m echanical 

I f o p t i o n  o f the  f ib r e s  produces a sh o rte n in g  o f  th e  sarcom ere, p ro b ab ly  in  th e  
(Rome, 1967).

£ A method c u r r e n t ly  in  use a t  the Meat R esearch In s t iL u te  d e r iv e s , i n i t i a l l y ,
11 _ the  o b se rv a tio n s  o f  Rarrvier (1874) th a t  a s t r i a t e d  muscle a c ts  as a tra n sm iss io n  
t in g  when p laced  i n  the p a th  o f a beam of l i g h t .  D if f r a c t io n  p a t te rn s  a re  formed 
a s c re e n , the  s e p a ra t io n  o f th e  l a t e r a l  o rd e rs  o f th e  d i f f r a c t io n  p a t te r n  being  

l y ^ ria:brie^ ky the  c o n t r a c t i l e  s t a t e  of th e  m uscle. This concept has been ap p lied  
â .Sevei ,a l  workers who reached  a v a r ie ty  o f  co n c lu s io n s  about the s t r u c tu r e  o f muscle 
jj0,t ln  p a r t i c u l a r ,  the  n a tu re  o f  the  s t r i a t i o n s  observed under the m icroscope.

in  th e  l i g h t  o f more re c e n t  knowledge of th e  f in e  s t r u c tu r e  o f muscle f ib r e s  
dev„ i^ s n if ic a n c e  of th e  d i f f r a c t i o n  p a t te rn s  i s  more c l e a r l y  unders to o d . A re c e n t 
^o^'h'-’P^ent in  th i s  co ncep t i s  the  use o f a gas l a s e r  as a source o f c o h e re n t, 
by* b8nrom atic  l i g h t .  This in n o v a tio n  was f i r s t  ap p lie d  to  o p t ic a l  d i f f r a c tom etry  
itsa , U® an<i R® R o sie r ( 1966) in  t h e i r  work on the  a n a ly s is  of e le c tro n  m icroscope 
bee^e s * The use o f a l a s e r  i n  d e te rn d n in g  sarcom ere sp ac in g s  i n  muscle f ib r e s  has 
4Uï>. ^ P o r te d  by C lew orth and adman ( 1969 ) in  observ in g  changes in  sarcom ere le n g th  

. S iso m e tr ic  te ta n ic  c o n tr a c t io n s ,  and by Rome (1967) in  h e r  work on th e  f i la m e n t 
lce o f  r a b b i t  psoas m uscle.
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The ap p a ra tu s  c o n s is t s ,  v e ry  s im ply , o f a He-he la s e r  o f low power (l mb) 
which em its r a d ia t io n  o f w avelength 632.8 nn. This is .  mounted on an o p t ic a l  
bench a long  w ith  a  specim en-ho ld ing  device and a s c r e e n . For a d d i t io n a l  convenience, 
a le n s  system i s  in s e r te d  between the  l a s e r  and th e  specim en. This enab les the  beam 
to  be d ire c te d  p r e c is e ly  on to  th e  f ib r e  bundle i n  th e  specim en h o ld e r .  The s c re e n , 
which c o n s is ts  o f a v e r t i c a l l y  mounted w hite card  b e a r in g  a c e n t r a l  m illim e tre  s c a le , 
may be rep laced  by a p iece  o f p h o to g rap h ic  f ilm  o r  p a p e r . A perm anent reco rd  may 
th e n  be made of th e  d i f f r a c t io n  p a t te r n  given by th e  specim en b e in g  examined. I t  
i s  u s e fu l to  in c o rp o ra te  a s h u t t e r  on the  o p t ic a l  bench i f  such photography i s  to  
be c a r r ie d  o u t and, o f co u rse , i t  w i l l  be n e c e ssa ry  to  s e t  up the  ap p a ra tu s  in  a 
darkroom .

In  o rd e r  to  determ ine the  sp ac in g  o f th e  g ra t in g  e lem en ts , i . e .  sarcom eres, 
g iv in g  r i s e  to  the  l a t e r a l  bands in  th e  d i f f r a c t io n  p a t t e r n  the  fo llo w in g  param eters 
must be determ ined :

& = angle sub tended  a t  the  s c re e n  by n 1' ‘ o rd e r
n  d i f f r a c t i o n  band

X  = w avelength  o f r a d ia t io n

I t  can he shown th a t

d (sarcom ere sp ac in g ) =
s in  0

S ince f o r  sm all ang les the  s in e  approx im ate ly  eq u a ls  the  ta n g en t o f the  a n g le , ta n  Q 
can  be s u b s t i t u te d  in to  th e  above e x p re s s io n . Then

ta n  G =

d =

S e p a ra tio n  betw een and n o rd e r (s) 
D istance betw een specimen and sc ree n  (d )

n X  = n X  D
ta n  G S

can c o n v en ie n tly  be u n i ty ,  D and S a re  ex p ressed  in  mm., and X  i s  known, so th a t

_ 632.8  x 10~3 x D
uni

I t  i s  a lso  advantageous to  make D c o n s ta n t ,  d i s  th e n  p ro p o r tio n a l to  ~ . Once tne 
a p p a ra tu s  i s  s e t  up under s tan d a rd  c o n d it io n s , v a lu e s  o f d ( i . e .  sarcom ere len g th ) 
may he read  o f f  from a ta b le  o r  a s t r a i g h t  l in e  graph f o r  th e  re le v a n t  v a lu e  o i S .

Specim en P re p a ra tio n

A th in  s l i c e  of t i s s u e  from the  muscle sample to  he examined i s  cu t w ith  known 
o r ie n ta t io n  o f the  f i b r e s .  This i s  f ix e d  f o r  about 30 m inutes in  a b u ffe re d  
g lu ta ra ld e h y d e  s o lu t io n  in  o rd e r to  f a c i l i t a t e  th e  te a s in g  o f a f in e  bundle oi 2-3 
f i b r e s .  Samples which have been s u b je c t  to  cooking do n o t re q u ire  t h i s  p re lim in a ry  
f ix a t io n .  Comparison o f sarcom ere le n g th s  in  p a r a l l e l  sam ples o f f ix e d  and u n iix ed  
m a te r ia l  shows th a t  the  f ib r e s  a re  no t a d v e rse ly  a f fe c te d  by the  a c t io n  oi the  
The f in e  bundle o f f ib r e s  i s  mounted in  a drop of b u ffe red  su cro se  between two gi£ss 
c o v e r s l ip s  which are  h e ld  in  the  perspex specim en b lo ck . I f  p r e - r ig o r  muscle i s  to^ 
he examined the  u su a l p re c a u tio n s  shou ld  be tak en  to  avo id  c o n tra c t io n  of th e  i i t r s - 3 
on e x c is io n , e .g .  f ix in g  of muscle le n g th  by ty in g  a s t r i p  of t i s s u e  to  a  perspex  
s p l i n t .
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With the  specimen b lock  mounted in  i t s  h o ld e r  on the o p t i c a l  bench, the 
specimen i s  a l i g n e d  i n  the  l a s e r  been to give a h o r i z o n ta l  a r r a y  of d i f f r a c t i o n  
bands on the  s c r e e n .  This i s  achieved  when the  bundle of f i b r e s  i s  p e rp e n d icu la r  
bhd normal to  the  beam.

The r e s u l t i n g - p a t t e r n  r e p r e s e n t s  an average of a l l  the  u n i t  spac ings  
^■Huninated by the  beam, which has a d iameter  of  about 1 mm. I f  t h e r e  i s  a 

•Hh degree of u n i fo r m i ty  i n  these  spac ings  the p a t t e r n  w i l l  be one o f  w e l l -  
de f ined ,  f a i r l y  t h i n  bands.  I f  t h e r e  i s  a wide range o f  u n i t  spac ings  the  bands 

be more d i f f u s e .  I t  w i l l  not be p o s s ib le  to  g e t  an ordered d i f f r a c t i o n  
P a t t e rn  i f  the  f i b r e s  i n  the  t eased  bundle a re  i n  d i s a r r a y .

This method i s  of p a r t i c u l a r  va lue  when sarcomere l e n g th  measurements are  
S q u i r e d  on a la rge  number of  samples .  I t  provides  only l im i t e d  in fo rm a t io n ,  
^Owever, about the  morphology of the  f i b r e s .  For t h i s  an examinat ion of  s t a i n e d  

Sec t io n s  by convent iona l  methods o f  microscopy i s  n ecessa ry .
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