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^ tro d u e t io n ; Beef m uscle p a s s e s , post-m ortem , in to  r i r o r - m o r t is  
wnerexn xu xs ha rd  and in e x te n s ib la .  (B en d a ll, I960; ' l £ l ^ ' T ^ ^ ,
I f  the  muscle xs cooked and e a te n  in  r ig o r  i t  i s  tough a n d 'u n ia a ta b l e  
about 36 hours post-m ortem  th e  m uscle so f te n s  to  th e  touch
t h i t  ^ r i b i - r  S Si'blfc (Benda11 196°)* Jungk e t  a l .  ( 1967) showed-na t -ho abxlxtry to  m axntam  iso m e tr ic  te n s io n  was l o s t l f t e r  46 hours

nx., te n s io n  developm ent xs most n o tic e a b le  in  bovine muscle a t  2°C and i s
th e re fo re  c lo s e ly  r e l a t e d  to  th e  co ld  sh o rte n in g  e f f e c t  reco rd ed  by
n u s o S  ~  fr* ^ t ^  rigcr-mortis has apparently been "resolved"
muscle continues to increase in tenderness. (Deatherage 1963- c-oll 1968')
T ä J  (1964) showed that tenderness does not i n f r e a S ^ i c f  S L

i s  h* x Y  *** It 5 to re d ’ sterile> f o r  UP to  s ix  months, th e re

r e p ^ : n f a Ppr “ a S  * * * * * *  ° f  W  bsen

o c c u ^ ^ t e ^ S; : i aUi 0 l^ iS r ta b ly  C atal^ sed  ^  c a th e p t ic  enzymes i s  * " . , ?  _ '  lon^ term  s te r x le  s to ra g e . However, i t  i s  n o t c le a r  w hether
ln:Lt;La l  p o s t - r ig o r  s o f te n in g  and th e  to n d e r is in g  o f th e  succeed ing  *

“  ° r  “  tor* IS e n sy n io a lly  c a ta ly s e d .  There ao n fa rs  to  be a  « i t t o w
s S J  °1%1 *"* P e rio d  (Loolcer 19601;
e V Ä  L uta lo -B osa  ana Macrae 1969). Davey & G ilbert; (1966)
p r o te o lv t i r  t e ^ e r7 S;ms o f fe o ts  o c cu rrin g  over 30 days were no t r e l a t e d  to  
p ro te o l j  oxc a c t i v i t y  m easured as n c n - p r o te in - n i t r o r e r  in c re a s e  v--> -a , / 1Q7n\

S S e f S t H  F  ° 8 the t0 ta l  « £ * * * > * .  in ^ S c lT lT o s - e s ^ S  ^.a ie a ^ e d  ci~ ter 8 day* s to ra g e  post-m ortem ,

can b t 8xf cur al  ch ^ g o s  o ccu rrin g  in  muscle post-m ortem  
“  s e v e ra l  o v erlap p in g  c h ro n o lo g ic a l phases and th a t  they  

h s h h ^ e . r Sr  s e q u e n t i a l  changes o c c u rr in g  in  th e  muscle u l t r a s t r u c t u r  
¿ i® !! ?hanges apPo^- to  be confxned to  th e  i n t e r i o r  of th e  muscle f ib r e

? - ° ° nV^ " S S D°dy °f  ev idence  t h a t  ag e in g  e f f e c t s  a re  n o t r e la te d  
^ t e £a t l0 n s  ^  th e  a<T e c t iv e  t i s s u e  ( S te in e r ,  1939; W ierb ick i e t  a l  '

1955, Davey e t  a l .  196?) but McClain e t  a l .  (1970) re p o r te d  th a t  soThTTp 
c o n n e c tiv e  t i s s u e  d ecreased  s l i g h t l y  p ^ t ^ r t e l  ?  th i“- - b lu b ib

i i f ®82 i“1 th e  f i b r e  tt l t r a s t r u c t u r e  so fm- re p o r te d  to  e ccu r during  post-m ortem  s to ra g e  in c lu d e : _ils
aS!„°C ia tT  cf . a c t in  and myosin f ila m e n ts  a t  r ig o r  o n se t (B en d all 1^60)

t e i * ?  p o s t ' r i g t r  tc n “ s  (B~
®  %  s  ä ä ; a t  ä s t ä  l9ä9)
tenderness ^  ? USCleS ?  °ne carcass differ froa each other in\  necess£^ y  to ascertain whether the changes, obsexnred in
2  KUf c le s  f e u n iv e r s a l ,  o r  w hether th ey  occur to  a  v a ry in g  e x te n t
xn a a f f e r e n t  m uscles. We examined samples from s ix  o f  th e  p r in c ip a l  —a t 
m uscles from  th e  b eef h ind  q u a r te r  a t  f ix e d  tim es post-m ortem  in  th e

o f C°n t? a S t .EiCr0SC° PeS* Sijlce the  deSre e  o f c o n tra c tio n£  - n ° r .x s  i s  known to  a f f e c t  te n d e rn ess  (L ocker, i 960; (a )
- * nan , 1963; Herrxng e t  a l .  1965a,b; Marsh e t  a l .  19 66, H e rrin g  e t  ¿ 1 9 6 7 )

'  i ! Pf 3t ment °u ? ic c h f m is txy , U n iv e rs ity  C ollege D ub lin , I r e la n d  
+ k6a t R esearch  departm en t, A g r ic u l tu ra l  I n s t i t u t e ,  C astleknock , Co D u b lin ,Ire l*
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we a lso  m easured sarcom ere le n g th s  on th e  m icrogrpahs to  determ ine w hether 
th e  m uscles showed m arkedly d i f f e r in g  degrees o f c o n tra c t io n .

M ethods: Three b u llo ck s  of approx im ate ly  10001b liv e w e ig h t were used .
They were s la u g h te re d  and d re ssed  in  th e  la b o ra to ry  a b a t t o i r  under good 
h y g ien ic  c o n d itio n s . The fo llo w in g  m uscles were examined, long issim u s 
d o r s i , psoas map o r , b icen s  f e a o r i s , sem itend inosus (a ls o  sampled p re - r ig o r )  
semimembranosus, g lu taeu s  msTiusTT a lso  sam pled p r e - r ig o r ) .  Samples were 
tak en  a t  30 h rT , 4  and 10 days post-m ortem  a t p o in ts  one t h i r d  of the  
muscle le n g th  from one end and p rep a red  f o r  e le c tro n  m icroscopy by 
c o n v en tio n a l methods i . e .  prim ary  f ix a t io n  in  5% G lu t. (S a b a t in i  e t  a l .
1963 ), p o s t - f ix a t io n  in  osmium te t r o x id e  (P alad e  1952) ana embedding in  
A ra ld i te  (G la u e rt 1965). Samples tak en  p r e - r ig o r  were h e ld  a t  r e s t  
le n g th  b e fo re  f ix in g  (P r ic e  e t  a l . 1963) .  M uscles were l e f t  on th e  
c a rc a s s  which was c o n v e n tio n a lly  hung in  th e  c h i l l  a t  2°C u n t i l  30 h r  
post-m ortem . They were ex c ised  c a r e f u l ly ,  p laced  in  c lean  po ly thene  bags 
and h e ld  a t  2°C f o r  th e  rem aining tim e of ag in g . The tem p era tu re  in  th e  
round was 2°C b e fo re  th e  e x c is io n . Swabbing of the  su rfa c e  re v e a le d  about 
100 organism s/cm '- a t  30 h r  in c re a s in g  to  about 2 X 10" organism s/cm  a t 
10 days. Samples were ta k en  a t  l e a s t  4-5cm w ith in  the  m uscle. No tra c e s  
o f m icroorganism s were seen in  any of th e  p re p a ra t io n s . Sarcomeres were 
m easured by s tag e  m icrom eter. Nodes were avoided when measurements were 
ta k e n .

R e s u l ts : -  L ig h t M icroscopy

Samples from th e  sem itend inosus and g lu ta e u s  medius were examined p r e - r ig o r .  
A ll th e  f ib r e s  w ere s t r a ig h t  and shewed w e ll  d e fin ed  A, I  and H bands and 
Z l i n e s .

At 30 h r .  post-m ortem  th e  f i b r e s  of th e  psoas , which had sarcom eres of 
2 .66 to  3 .5 4  pM, were u s u a lly  s t r a ig h t  and p a r a l l e l .  The f ib r e s  of the 
b ic ep s  fem oris and sem itend inosus w ith  sarcom eres of 1 .69  -  2 .35 pM were wavy 
and crim ped. T he, lon g issim u s d o r s i , semimembranosus and g lu te u s  medius 
w ith  sarccxneres o f 1 .45  -  2 .20  pM showed ex ten s iv e  crim ping . Crimped f ib r e s  
were f r e q u e n t ly  seen  to  be s l i g h t l y  l e s s  c o n tra c te d  th an  a d jac e n t s t r a i g h t e r  
f i b r e s  b u t t h i s  was n o t a c o n s is te n t  o b se rv a tio n . A ll m uscles showed 
f re q u e n t  bu t i r r e g u la r ly  d i s t r ib u te d  " c o n tra c tio n  nodes" . (P au l e t  a l .  1944). 
These c o n tra c tio n  nodes a re  le n g th s  o f the  f ib r e  c o n s is tin g  of 10 -  20 
sh o rten ed  sarcom eres, and l a t e r a l l y  convex between s tr e tc h e d  le n g th s ,  a lso  
o f 10 -  20 sarcom eres, l a t e r a l l y  ccncave. The s t r e tc h e d  le n g th s  were 
f r e q u e n t ly  to m  a c ro s s .

At 4 days post-m ortem  a l l  m uscles shewed In fre q u e n t I -  band b reak s  -  
e i t h e r  t r a v e r s in g  th e  f ib r e  along a s in g le  I  band o r ja g g ed ly  s tepw ise  acro ss  
a  number of co n secu tiv e  I-b a n d s .

A f te r  10 days th e re  were more f ib r e  b reak s  in  a l l  m uscles th an  a t  
fo u r  d ay s. F ib re  crim ping and nodes o f c o n tra c tio n  p e r s i s te d  and i t  was 
n o t p o s s ib le  to  d e te c t  any d if f e r e n c e s  in  the  p ro p o rtio n  o f f ib r e  b reaks 
between any of th e  m u sc les .

* -
E le c tro n  M icroscopy: -  P r e - r ig o r  m y o fib r ils

Muscle sampled im m ediately  a f t e r  death  had th e  appearance of r e s t in g  muscle 
in c lu d in g  wide I -b a n d s , and prom inent bu t narrow  H zones each b is e c te d  by 

' th e  M l i n e .  The Z l in e s  showed z ig -z a g  p a t te r n s .  (Huxley I9 6 0 , F ra n z in i-  
Armstrong and P o r te r  1964) .

At 30 h r .  post-m ortem  in  a l l  m uscles , some of th e  Z l in e s  showed 
sh arp  p e rp e n d ic u la r  b reaks and p a tch es  o f d is s o lu t io n ,  o f te n  ex tend ing  in to
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« i f  5 2 . 5  ^ “ a Shra,ed « *  * * * •« *  p a t t e n . .  The A band.,wert. znzac». Some m y o f ib r ils  were s e p a ra te d  l a t e r a l l y  from ear'-, r t w  k„+
sa rco p la sm ic  r e t i c u l m  elem ents s t i l l  connected them a t  th e  le v e l  o f  th e
. 1“ eS* ,Each EVS c le  had a- Predominant sarcom ere le n g th  range bu t shewed 
on th e  re g io n s  a d jac e n t to  th e  c o n tra c tio n  nodes, f u l l y  extended ( i  6 .y ’w  
s u b c o n t r a c t e d  ( < 1 .45  pM) sarcom eres w ith  the  L s ^ I ^ e d  £ d L g b a t t e l s  

h. super c o n tra c t  io n  p a t te r n  shared  a t  sarcom ere le n g th s  below 1 .45 'i-P  (the* 
V S £ T  t0 8 f h e r  ” i t h  a  * « «  d is o rg a n is a t io n  of ̂ f i la m e n t
cVnS  The f ila m e n ts  were crum pled a g a in s t th e  Z l i n e ,  which
showed a  co rresp o n d in g  th ic k e n in g . A p e n e tra tio n  o f the  Z - l in e  U  m josin  
f i la m e n ts  was seen  in  some m y o f ib r i ls .  ^ y

At 4  days post-m ortem  th e  u l t r a s t r u c tu r e  o f th e  Z l i n e  i t s e l f  was r o t

2 T £  m“ ¡ h S e S T b ^  30 hrS* “ * WaS t o ^ f a r ^ o i p t u s .p sh° ? f d A band b reaks o c cu rrin g  between Z - l in e  and I  

i u S V u z  aPPear“ S « " *  m d e r  th e  »  shewed

i i t ie5 1„°.dayS P ° s t - ” btDm ag ein g  Z -  I  b reak s  in c re a se d  and th e  Z l in e  
was u s u a lly  d i f f u s e ,  amorphous and here  and th e re  obv iously  d isap p e a r in  x-

j dy* ±ae ^ o p l a s m i c  re tic u lu m  co n n ec tio n s  between Z l in e s  had 
m o stly  d isap p e a re d . A ll 6 m uscles showed th e se  f e a tu r e s .

/ .  . Th® ^ r:Uf c le s  may be c la s s e d  in to  ex tended (p s o a s ) ,  in te rm e d ia te  
(b ic e p s  iem orxs, sem iten d in o su s) and c o n tra c te d  a ro n rs

lS: S bi n 0S^ S l? i ar  iUSf  °n th e  U ^ r i g o r  . i r e « . ™, 0 ?  71 i° h l , ‘ V iable 1 ) .  Measurements were a lso  tak en  a t  4  ¿ays and 
10 days p o s tm o rte m  b u t no clianges in  sarcom ere le n g th  were observed!

~u -•cnown th a t  a l l  meat m uscles become more tender w ith
ageing post-m ortem  a lth o u g h  sone m uscles do n o t become te n d e r  enough in  
1 days t.0 allow  t h e i r  use f o r  g r i l l i n g .

of* d u rin g  aging i s  c l e a r ly  p a r t i a l l y  caused by th e  d is s o lu t io n
o f u l t r a s t r u e tu r e  re p o r te d  h e re  and elsew here (s tro m e r e t  a] 1967
Davey e t  a l .  1969). The degree o f d is s o lu t io n  seems t ~ b S ^ i m i l «  in  the
be dur S  I e+i aVe s tu d ae d >x and th e  r e s id u a l  d if f e re n c e s  in  te n d e rn e ss  must 
i L  ™ i ?  d x f f®re n ° ef  “  °"h e r  P ro p e r t ie s  and components o f  th e  m uscle. 

l1 ° V! 5 “ap betr,reen 1 and A f i la m e n ts  in  th e  psoas i s  re a so n ab ly
S e  i t r e t S i S eo?a?we ° f  C°n S i! t e n t  ten d ern 2 ss  iri t h i s  m uscle. (L ocker, 1960b). m e  s t r e tc h in g  oi th e  psoas and com pression of th e  lo n g , d o rs i
semimembranosus and g lu ta e u s  may be a sc r ib e d  to  th e  p o s i t io n  o f th e  l e r  in  
4 e  hung c a r c a s s .  However th e  lo n g , d o r s i  and g lu ta e u s  medius w ith  ° 

',^ i i “ Contf aCved sarcom eres a re  p re fe r re d  as te n d e r  g r i l l i n g  s te a k s  e s p e c ia l ly  
a m e r  a g e in g , w h ile  b ic ep s  fem oris  and sem itendinosus have in te rm e d ia te  
..ongth sarcom eres and a re  g e n e ra l ly  to u g h . C le a rly ^  sarcom ere le n g th  is  

s ^ P i y  r e l a t e d  to  toughness when comparing one muscle w ith  an o th er 
a lih o u g h  w itn in  one m uscle th e  r e la t io n s h ip  i s  s tra ig h tfo rw a rd  and s in p lv  
ex p la in ed  (Marsh & Leet 1966). ^  SiDpiy

Voyle (l9t>9) reco rd ed  s h o r te r  sarcom ere le n g th s  in  s t r a ig h t  " a c t iv e ly ” 
c o n tra c te d  f i b r e s  compared w ith  a d jac e n t crim ped "p ass iv e ly "  c o n tra c te d  ’
- i , iG o  in  e x c ise d  c o ld -sh o rte n e d  s te rn o m an d ib u la r is  m uscle. \'Ie have been 
unaole to  dem onstrate  _ a  sim ple r e l a t io n s h ip  betw een f ib r e  conform ation  
sarcom ere le n g th  w ith in  any one m uscle.

, ^ C o n tra c tio n  nodes in  in d iv id u a l f i b r e s  were d e sc r ib e d  by P au l e t  a l .  (1944)
bvd ,!the?  f FPiCar t0  de w idf ly  d i s t r i -bu ted  in  ou r sam ples. They may be“ reduced 
y  1 c c ia -s n o r te n in g  o r  m e tab o lic  v a r ia t io n s  between d i f f e r e n t  p a r ts  of

one l i t r e .  The a d ja c e n t extended re g io n s  may c o n tr ib u te  to  te n d e rn ess  by 
weakening th e  f i b r e s .
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T able 1: Sarcomere Lengths (pM) 30 h r .  post-m ortem

Animal

Muscle 1 2 5
O v era ll range 
and mean

long. D orsi r .  1.86 0  -  1 .450 

m. 1 .703

1.800 -  1 .500 
1.672

2.200 -  1 .450 
1.76 8

2.200 -  1.450 

1 .714

Psoas r .  3 .270 -  2.660 
m. 3 .036

3.350  -  2.810  

3.123

3.540 -  3 .O6O 

2.998

3.540 -  2 . 66O 

3.050

biceps Femoris r .  2 .210 -  1 .705 

m. 1.935

2.165 -  1 .714
1.890

1.991 -  1 .726 
1 .884

2.210 -  1 .705 

1 .903

Sem itendinosus r .  2.191 -  1 .764  
m. 1.982

2.350 -  1.686 

1 .867

2.350 -  1.730 

2.095

2.350  -  1.686 

1 .981

Semimembranosus r .  1 .850 -  1 .510 

m. 1 .723

1.840 -  1 .450 

1 .736

, 1 .850  -  1.450 

1 .730

&lutaeus Medius r .  1 .812 -  1 .480

m. 1 .639

2.010 -  1.50 0  

1.755

2.010 -  1.480 

1 .697

each anim al th e  mean c a lc u la te d  o v e r 30 -  40 m easurem ents. S a rc . le n g th  
Sem itendinosus and O lutaeus medius p r e - r ig o r  bo th  2.350 \i.
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