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I N T R O D U C T I O N

E a c h  l i v i n g  m u s c l e  is a d a p t e d  to i t s  o w n  s p e c i f i c  a n d  c o m p l e x  m o v e m e n t s .  This ^ cf
r e f l e c t e d  b y  g r e a t  v a r i a t i o n s  in t h e  c o m p o s i t i o n  o f  b o t h  m u s c l e  f i b e r s  an d c°n 
iv e t i s s u e .

T h e  b a s i c  o r g a n i z a t i o n  o f  t h e  c o n n e c t i v e  t i s s u e  in s k e l e t a l  m u s c l e  c o n s i s t s  °£ * ^ 1» 
p e r i m y s i u m  t h a t  c o n n e c t s  t h e  t o u g h  c o n n e c t i v e  t i s s u e  c o v e r  o f  t h e  m u s c l e  ( e p i ^  
to t h e  t h i n  e n v e l o p s  ( e n d o m y s i u m )  w h i c h  s u r r o u n d  t h e  i n d i v i d u a l  m u s c l e  f i b e r '' nd 
C o l l a g e n  an d e l a s t i c  f i b e r s  a r e  t h e  m a j o r  c o m p o n e n t s  o f  t h e  c o n n e c t i v e  tissu« • 
f o r m  a n e t w o r k  t h a t  is r e s p o n s i b l e  f o r  th e t r a n s m i s s i o n  of  t e n s i o n  in th e m u s C L  
In m e at , b o t h  t h e  c o l l a g e n  a n d  e l a s t i n  i n f l u e n c e  t h e  t e x t u r e  ( B e n d a l l  1 9 6 7 , S 1

an d B a i l e y  1980, O f f e r  1984). It h a s  p r o v e d  d i f f i c u l t  to a s s e s s  t h i s  i n f l u « n c e
d i r e c t  b i o c h e m i c a l  m e t h o d s .  T h i s  is m a i n l y  b e c a u s e  s u c h  m e t h o d s  d o  n o t  reveal 0{  
d i s t r i b u t i o n  of  c o l l a g e n  a n d  e l a s t i n  w i t h i n  th e c o n n e c t i v e  t i s s u e  at e a c h  leve 
o r g a n i z a t i o n  in v a r i o u s  m u s c l e s . >

W h e n  m e a t  is c h e w e d ,  it is f r a c t u r e d  i n t o  s m a l l e r  p i e c e s .  W h e n  f p r c e s  ar e aPpJu« 
p e r p e n d i c u l a r l y  to t h e  f i b e r  d i r e c t i o n  t h e  f r a c t u r e  z o n e  u s u a l l y  l i e s  w i t h i n vje>' 
b o u n d a r i e s  b e t w e e n  th e m u s c l e  b u n d l e s  i.e. t h e  p e r i m y s i u m  ( P u r s l o w  1985, f ° r rrj- 
se e O f f e r  19 84 ). T e n d e r n e s s  of  m e a t  t h e r e f o r e  d e p e n d  on  the s t r e n g t h  of the Pe 
m y s i u m  o r  th e p e r i m y s i u m / m u s c l e  f i b e r  b u n d l e  i n t e r f a c e .

In th e p r e s e n t  w o r k  t h e  c o n t e n t ,  c o m p o s i t i o n  a n d  a r r a n g e m e n t  o f  t h e  p e r i m y s i a l ' 1* 
c o n n e c t i v e  t i s s u e  w e r e  b y  m e a n s  of m o r p h o m e t r i c  t e c h n i q u e s  on h i s t o l o g i c a l l y  s  
■sections. K n o w l e d g e  o f  t h e  a r r a n g e m e n t  of t h e  e l a s t i c  f i b e r s  w i t h i n  the c o n ^ e C-je
t i s s u e  m a y  p r o v i d e  i n s i g h t  b o t h  to h o w  th e n e t w o r k  f u n c t i o n s  in t h e  l i v i n g  *uS
a n d  g i v e  a b e t t e r  u n d e r s t a n d i n g  of  i t s  c o n t r i b u t i o n  to m e a t  t e x t u r e .

M A T E R I A L S  A N D  M E T H O D S  

M. s e m i t e n d i n o s u s  (ST), s e m i m e m b r a n o s u s  (SM), m. v a s t u s  l a t e r a l i s

s l a u g h t ___ ________ *
f r o m  v a r i o u s  p a r t s  of  t h r e e  d i f f e r e n t  c r o s s

s l a u g h t e r  15 pi
~ —  F 7 --- ” 7  ’■“ *■'= c r o s s .  s e c t i o n s  ( p r o x i m a l / d i s t a l  or -- ge

c a u d a l )  o f  e a c h  m u s c l e  w e r e  f r o z e n  in l i q u i d  p r o p a n e  p r e c o o l e d  in l i q u i d  n i ^ d
T h e  f r o z e n  m u s c l e  p i e c e s  w e r e  t h e n  t r a n s f e r r e d  to a c r y o s t a t  o r  s t o r e d  in and 
n i t r o g e n .  F r o z e n  s e c t i o n s ,  4 - 1 0  p m  th ic k, w e r e  a l l o w e d  to d r y  o n  g l a s s  s l i deS 
s t a i n e d  w i t h  M a l l o r y - a n i l i n e - b l u e  ( M a l l o r y  1936) f o r  d e t e r m i n a t i o n  o f  vo lu me 
f r a c t i o n  of  p e r i m y s i u m .  C o l l a g e n  a n d  e l a s t i n  w e r e  s p e c i f i c a l l y  s t a i n e d  w i th ± 

S W 6 a t  6t a 1 ' 19 64 ) a n d  o r c e i n  ( R o m e i s  19 48 ) or V e r h o f f  e l a s t i n  s t a i n  
1 9 44 ) r e s p e c t i v e l y .  S e c t i o n s  w e r e  a l s o  s t a i n e d  f o r  m y o f i b r i l l a r  a d e n o s i n e  J;r nd ,, 
p h o s p h a t a s e  a c t i v i t y  ( A TP as e) a f t e r  b o t h  a l k a l i n e  (pH 10 .3 ) a n d  a c i d  (pH 4 - 3, t y P e 
4.6) p r e i n c u b a t i o n  ( B r o o k e  an d * « i s e r  19 70 ) f o r  d e t e r m i n a t i o n  of  m u s c l e  f ib ,nted 
P h o t o m i c r o g r a p h s  w e r e  t a k e n  of  a l l  s e c t i o n s .  A m i n i m u m  o f  20 0 f i b e r s  w e r e  c °u 
f r o m  e a c h  s e c t i o n .

M e a s u r e m e n t s  of  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 .  ^

T h e  v o l u m e  f r a c t i o n  o c c u p i e d  b y  t h e  p e r i m y s i u m  a n d  t h e  r a t i o  of  e l a s t i n  to cr ° \ \ \ e J
w e r e  m e a s u r e d  b y  m o r p h o m e t r i c  t e c h n i q u e s  t h at a l l o w  a c c u r a t e  q u a n t i t a t i o n .  
p r e s e n t  p r o c e d u r e ,  p i c t u r e s  of  t h e  s e c t i o n s  w e r e  e x a m i n e d  b y  m e a n s  o f  a comP 
i g i t a l  i m a g e  a n a l y z e r .  T h e  b l a c k  a n d  w h i t e  i m a g e s  s e n s i n g  v a r i o u s  g r a y  l eV f e" 

? n o o ? r t e d  t 0  b i n a r y  imaige a f t e r  s e l e c t i n g  a t h r e s h o l d  v a l u e  (Risk 1976, u i t t r-oQi e 
1 9 8 3 ) .  T h e  b i n a r y  i m a g e  w e r e  d i g i t i z e d  a n d  t h e  d a t a  a n a l y z e d  b y  a c o m p u t e r  P \  tf" 
d e s i g n e d  t o e x p r e s s  t h e  p r o p e r t i e s  of  th e im ag e, t h u s  a l l o w i n g  d e t e r m i n a t i o n  
v o l u m e  f r a c t i o n  o c c u p i e d  b y  th e c o m p o n e n t  s t u d i e d .  T h e  t h i c k n e s s  of th e p e r \  ¿hi 
w e r e  m e a s u r e d  w i t h  a m o r p h o m e t r i c  a n a l y z e r  ( M O P - A M 0 3 ,  K o n t r o n )  f r o m  lines, 1  -cle 
ap ar t, d r a w n  p e r p e n d i c u l a r  to t h e  f i b e r  d i r e c t i o n .  T h e  a r e a  of t h e  p r i m a r y  l"u 
b u n d l e s  w e r e  a l s o  m e a s u r e d  an d th e m e a n  a r e a  c a l c u l a t e d .

(VL),
bullf,

j ---"'-“ « ■ “ • u u a u o  i M i ,  m. v a s t u s  l a t e r a l i s  ivui, .
us  <GM) a n d  m. -psoas m a j o r  (PM) w e r e  r e m o v e d  f r o m  t w o  y e a r  o l d  N o r w e g i a n  b ^ 1 . ,
h a l f  an h o u r  a f t e r  s l a u g h t e r .  W i t h i n  1 h a f t e r  s l a u g h t e r  15 p i e c e s  (each 1 c * n i » V
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ePi„ ®rimysium which interconnect the 
foUscj nd er>domysium penetrate into the 
fiberg ' seParating bundles of muscle 
btricU 1). Each primary muscle
septae may also be divided by thinner 
buncij of Perimysium into smaller fiber 
ĥe s^s secondary muscle bundles)
can be26 tbe Primary muscle bundles 
ing ■’■n tbe f°ll°w in<3 descend-
"'VsiumCler: PM>GM>VL>ST>SM. The peri- 
w^ich 1S a connsctive tissue matrix 
^he lnterconnect the muscle bundles. 
ftaci;̂ rimysium varies both in volume 
6Xamin°^ and thickness among the
°CcilPi muscles. The volume fraction 
ranked d b_Y the per imysium can be 
°r^6r- t*le f°ll°w ing descending 1 4% i Sm >VL>ST>GM>PM (8.6% in SM 
^6rim,,n . P>1) . The thickness of the

and
turn followed the same order.Th6

*7 Sh yPagen fibers of the perimysium 
°Un<3le<5 and ST consist °f thick, wavy 

ip a) Pn GM ant  ̂ PM these are small- 
n lameter indicating a more flexi- 

H n gle work. The elastic fibers inter- 
the collagen fibers and are

Fig.l. Cross-section of m. semimembranosus 
to show the perimysial connective tissue 
which separate bundles of muscle fibers. 
Mailory-anailine-blue. Scale bar: 500 pm.

L°naliy, mainly located in the epi- and perimysium, 
small elastic fibers are found scattered in the endomysium. Most ofttvOf

f1'6'1 theUSCle bundles- The elastin has generally a wavy appearance that disappears 
“thin muscles are streched. The elastin fibers are extensively crosslinked 
flt>etsJwa continu°us three-dimensional network. In ST and SM, bundles of elastic 
,°rh RS„U h  a large diameter (0 7-8 urn) are found (Fig. 2 a,b). In ST these bundles

er->>
6P U  e ‘ ln SM

and

from the perimysium into the endomysium of the fibers in the periphery

veral layers (Fig. 2 a) and are spirally arranged around each primary muscle 
the bundles are small and located at the at the junction between the

Fig. 2 a .

Fig. 2b.

Fig. 2c.

Elastic fibers (densely coloured) 
in the perimysium of m. semi- 
tendinosus. Note that the fibers 
forms distinct layers (arrow) 
and have large diameter.Verhoff 
elastin stain. Scale bar: 100pm
Bundles of elastic fibers aggre­
gated at the junction between 
the epi- and perimysium (E/P) 
in m. semimembranosus. Verhoff 
elastin stain. Scale bar: 100 pm
Thin elastic fibe 
ributed in the pe 
m.psoas major (ar 
elastin stain. Sc

rs evenly dist- 
rimysium of 
row). Verhoff 
ale bar: 100 m



e v e n l y  d i s t r i b u t e d  in t h e  p e r i m y s i u m  (Fig. 2 c).

T h e  e l a s t i n  to c o l l a g e n  r a t i o  v a r i e s  c o n s i d e r a b l y  a m o n g  t h e  e x a m i n e d  m u s c l e s .  In 
ST  th e r a t i o  is 1:1, w h i l e  in PM it is 1: 15 . T h e  e l a s t i n  to  c o l l a g e n  r a t i o  c a n  be 
r a n k e d  in the f o l l o w i n g  d e s c e n d i n g  o r d e r :  S T > S M > G M > V L > P M  ( T a b l e  1). T h e  v o l u m e  
f r a c t i o n  of e l a s t i n  in t h e  c o n n e c t i v e  t i s s u e  a r e a  of S T  is in o t h e r  w o r d s  ab ou t 
5 0 %  c o m p a r e d  to 1 0 %  a n d  6 %  in SM an d PM, r e s p e c t i v e l y .

T h e  p r o p o r t i o n  of t y p e  I f i b e r s  ( p r e s u m a b l y  s l o w  o x i d a t i v e )  c a n  b e  r a n k e d  in the 
f o l l o w i n g  d e s c e n d i n g  o r d e r :  P M > G M > V L > S M > S T  ( T ab le 1). v

T a b l e  1. M o r p h o m e t r i c a l  p a r a m e t e r s  m e a s u r e d .

M u s c l e s V o l u m e  f r a c t i o n M e a n  t h i c k n e s s E l a s t i n : M e a n  s i z e  of P r o p o r t i o n  of

of p e r i m y s i u m of p e r i m y s i u m c o l l a g e n p r i m a r y t y p e  I f i b ^ r 5

(%) (urn) r a t i o m u s c l e  b u n d l e (%)
(jim^ x 1 0 0 0 )

ST 5.9 5 4 .8 1 : 1 154 18.3
SM 8 . 6 93.5 1:9 105 2 0 . 6

VL 7.1 6 6 . 1 1:14 329 26.9
GM 5.0 4 6 .9 1 : 1 1 385 36.4
PM 3.4 31.3 1:15 534 4 4 .7

D I S C U S S I O N

O t h e r  i n v e s t i g a t o r s  ( L a u r e n t  et al. 1978, K o v a n e n  et a l . 1980) h a v e  s h o w n  that t£e 
a m o u n t  of c o l l a g e n  m e a s u r e d  b y  b i o c h e m i c a l  m e t h o d s  is h i g h e r  in s l o w  t h a n  in faS 
c o n t r a c t i n g  m u s c l e s .  S l o w  c o n t r a c t i n g  m u s c l e s  a r e  a l s o  c h a r a c t e r i z e d  b y  a h i gh ^ 
c o n t e n t  of t y p e  I f i b e r s  ( s lo w o x i d a t i v e  f i b e r s ) .  O u r  r e s u l t s  i n d i c a t e  an invers 
r e l a t i o n s h i p  b e t w e e n  t h e  v o l u m e  f r a c t i o n  of p e r i m y s i u m  a n d  t h e  c o n t e n t  of t y p e 
f i b e r s .  T h e  h i g h e r  c o n t e n t  of  c o l l a g e n  r e p o r t e d  f r o m  s l o w  c o n t r a c t i n g  m u s c l e s  ij> 1  

t h e r e f o r e  p r i m a r i l y  b e  d u e  to a h i g h e r  c o l l a g e n  c o n t e n t  in th e e n d o m y s i u m .  A hiy 
c o n t e n t  of e n d o m y s i a l  c o n n e c t i v e  t i s s u e  m a y  b e  r e q u i r e d  to s u p p o r t  t h e  e x t e n s i v 
c a p i l l a r y  n e t w o r k  d e m a n d e d  by  th e t y p e  I f i be rs .

* n t t 0 '
T h e  c o n t r i b u t i o n  e l a s t i n  m a k e s  to m e a t  t e n d e r n e s s  h a s  l o n g  b e e n  a s u b j e c t  to 
v e r s y  ( S t a n d i n e  et al. 1949, V a n a b l e  1963, B e n d a l l  1967, S i m s  an d B a i l e y  1 9 8  

B e n d a l l  (1967) w h o  d e t e r m i n e d  th e t o t a l  e l a s t i n  c o n t e n t  in v a r i o u s  b o v i n e  mus 
c l a i m s  t h at e l a s t i n ' s  c o n t r i b u t i o n  to m e a t  t e n d e r n e s s  is of l i t t l e  i m p o r t a n c e .  ^  
is p a r t l y  b e c a u s e  it o n l y  c o n t r i b u t e  a b o u t  0 . 5 %  o f  t h e  t o t a l  c o n n e c t i v e  t i s s a o n n e c t '  
m o s t  m u s c l e s .  E v e n  t h o u g h  e l a s t i n  o n l y  c o m p r i s e  a s m a l l  p a r t  of t h e  o v e r a l l  c 
iv e t i s s u e  in m o s t  m u s c l e s ,  its d i s t r i b u t i o n  is u n e v e n  an d it is l o c a t e d  a 7 m ° staf,t 
e x c l u s i v e l y  to t h e  e p i -  an d p e r i m y s i u m .  In a d d i t i o n ,  e l a s t i n  is e x t r e m e l y  reS m p- 
to d e g r a d a t i o n .  T h e  e l a s t i n  c a n  t h e r e f o r e  n o t  b e  e x c l u d e d  as an u n i m p o r t a n t  c 
o n e n t  of t h e  c o n n e c t i v e  t i s s u e  of me a t .

S t u d i e s  of  f r a c t u r e  b e h a v i o u r  of  m e a t  i n d i c a t e s  t h a t  w h e n  c o o k e d  m e a t  is P u '*'Ja|<e 
a p a r t  b y  f o r c e s  p e r p e n d i c u l a r  to th e f i b e r  d i r e c t i o n ,  a d e b o n d i n g  o f  p l a n e s  
p l a c e  w i t h i n  th e p e r i m y s i u m  ( P u r s l o w  19 85 ). D u e  to it s e x t e n s i v e  n e t w o r k ,  the tj,e  
e l a s t i n  is w e l l  s u i t e d  to i n c r e a s e  th e s t r e n g t h  n e e d e d  to d e b o n d  p l a n e s  w i t h 1  

c o n n e c t i v e  ti ss ue . T h e  r a t i o  of e l a s t i n  to c o l l a g e n  m a y  t h e r e f o r e  h a v e  a n,a^ ° i e c '  
i n f l u e n c e  on  t h e  t e n d e r n e s s  o f  c o o k e d  me a t .  S i n c e  it h a s  b e e n  d i f f i c u l t  to d '
m i n e  a c c u r a t e l y  w h e t h e r  th e f r a c t u r e  z o n e  l i e s  w i t h i n  th e p e r i m y s i u m  ( P u r s l ° w 
or b e t w e e n  t h e  p e r i m y s i u m  an d th e e n d o m y s i u m  (C ar ol l et al. 19 78 ), t h e  r o l e  °^u j-the 
o b s e r v e d  e l a s t i n  p r o t r u s i o n s  f r o m  t h e  p e r i m y s i u m  to th e e n d o m y s i u m  s h o u l d  be 
i n v e s t i g a t e d .

T h e  r e s u l t s  o b t a i n e d  f r o m  o u r  s t u d i e s  h a v e  c l e a r l y  s h o w n  t h a t  t h e  c o n t e n t ,  c ° ^ g  
t i o n  a n d  a r r a n g e m e n t  of  t h e  p e r i m y s i a l  c o n n e c t i v e  t i s s u e  v a r y  c o n s i d e r a b l y  a ^oVfeSt 
th e e x a m i n e d  m u s c l e s .  T h e  m u s c l e s  k n o w n  to be  th e m o s t  t e n d e r  c o n t a i n e d  the 
a m o u n t  of p e r i m y s i u m ,  h a d  t h e  l o w e s t  e l a s t i n  to c o l l a g e n  ra ti o, c o n t a i n e d  t" 
l a r g e s t  p r i m a r y  m u s c l e  b u n d l e s  an d h a d  the h i g h e s t  p r o p o r t i o n  of t y p e  I f lt>a.ng 
T h e s e  c h a r a c t e r i s t i c s  m a y  t h e r e f o r e  b e  a n a t o m i c a l  p r e r e q u i s i t e s  f o r  g o o d  ea 
q u a l i t y .
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4  - 2 6 RECENT ADVANCES IN THE STUDY OF MYOSIN AND MYOFIBRIL GEL FORMATION

Fretheim, K. Egelandsdal, B., Harbitz, O. & Samejima, K.*

Norwegian Food Research Institute, P.O.Box 50, N-1432 As-NLH, Norway. 
* Dept. Dairy Science, The College of Dairying, Ebetsu 069-01, Japan.

q? ^ihdi ,work by Fukazawa and coworkers (1) implicated myosin as the key
Ct bod?, qu/ lltiy ln comminuted meat products. The conclusion to be drawn from a 
qe°teitls Y °f subsequent work is that binding depends exclusively on contractile 
$t®sihq ' extracted from the myofibrils, and their gelation by heat during pro- 
tu<=tu; * comprehensive review on the gelation functionality of muscle proteins in 

< Alth meat Products. will be published shortly (2).
pur® actin solutions form gels at slightly enhanced temperatures 

i C bVles beating causes the gels to collapse into strings of denatured
v J /4). Nonetheless, actin disnlavs a  svnprrric-i-ir effort, ~ *■

Hy “cduing causes m e  gels to collapse into strings of denatured
Co* ^art-V3'4 ■ Nonetheless, actin displays a synergistic effect: The gels of 

• mix^ufes' within a certain range of proportions, are stronger than
^ lob (ia,ln9 myosin gels (5), presumably as a result of initial actomyosin for­
gets The crucial role of mvosin is indisnutahi» but- h-indtr.,, 1n moat «vn_

°b f i t  119 m yosin  g e i s  ( 5 ) ,  p re su m a b ly  a s  a  r e s u l t  o f  i n i t i a l  ac to m y o s in  f o r -  
s*. (-S Co c r u c i a l  r o l e  o f  m yosin  i s  i n d i s p u t a b l e ,  b u t  b in d in g  i n  m eat p r o —

u<U es ®?t l t u t® s a com plex phenom enon in v o lv in g  m ore th a n  one f a c t o r  ( 6 ) .  T hus, 
tow r m y o f ib r i l  g e l a t i o n  have a l s o  b ee n  u n d e r ta k e n .

°EL f o r m a t i o n
°SIN

th°US asPects of myosin/actomyosin gelation upon heating have become more 
4tiotiOU9h recent- extensive work (7-16). Among the findings reported are: 

in 0.4-0.6 M KCl proceeds by initial aggregation of the myosin "heads"
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The last page can be seen at the start of the next article.




