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i and texturp i t  th? in i ° 1v?men,t  o f co1 la gen in  determining meat 
^Pdurt- xcure a t the molecular leve l is  proposed.
jrn

*«i is th
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N t j ! 1 15 found n ,n t™",uscu’ ar connective tissue (L ig h t e t a l . ,
N h  iE «ssue i h rf e h ie ra rch ica l s tru c tu ra l domains o f muscle

N  ,uthe perim ysiu l V V  " u  97u ) ; tt,e ePiaiysium, which forms the mu 
t»ll, ' ‘ tie s ila ih *  wh,ch f? sheaths ttle muscles f ib r e  bundles, and the 
toll*95" is eath surrounding each muscle f ib re  (Ham, 1969)
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, /»li.a. —»ins Tho\12i lulllieu as a t r ip le - h e l ix  from three
(e t f ?  and perimvein f o1eculef  aggregate to form e ith e r  extended f ib re s  
V̂e i . 1r denat..— or a s tru c tu ra l m atrix (endomysium). When heated

io]-sen •jj o u iiu u iiu m y  eacn muse

!h?i*ysi,1tle chains’ m0,ecu,e formed
S  tkUl? And L !(• Tbe molecules aggregate 
(tw,e C  Ponaturatinn™. ° r  3 a tn ic tu Fa1 m atrix (endomysium). When heated 
N - f e t h  and w U  ‘ f e a t u r e ,  f he molecules shrink to  one quarter th e ir  
i S < te is) thon7nTO viH L ihth m0 8kU aS are ' nked bY in term olecu lar bridges 
¿ S ln ? a t i" .  the f ? i . d 9 i  Se b0nds are haa‘ -s ta b le ) ,  instead o f m elting  
f t  be ?Pa<t. I t  ! L f kb and matr’ ces sh rink , remaining inso lub l 9
> H sS|elated t0 aP bf  P°s tu la tad  th a t the number o f heat-stab le

. and force 
c ro ss -lin ks

¡S<UeS ^ ^ e ^ a c c u r a t p T a" d'  ear̂ y exPeriments i showedl'th is  
Cot'staKin°ted, h o w * ,1 (Shimokomaki e t a l . ,  1972; Al la in  e t a l . ,  1978). I t  
. N e d  ? and h e a t- ia h ilT r i ,  c o lJ*9Jn » » ¡̂en newly la id  down, contains both 

to more fnmnf 1 6 c ro ss -lin ks  and th a t, as i t  matures, these are 
tyl,jj9e of Qro COmple,<- more stable bonds (L ig h t S B a iley , 1980).

'tc.ih"inkxthe touginessel a ° l la Sen f,b re s  and matrices may be expected to 
>n '«tatT96 Of la rq | t ra ? tc ei i ure ° f  cl?oked raeat in  a t le a s t tw0 "a ** -  F irs t ly ,  

! re,|t i a?ater loss p e n mys l“ m and endomysium may in i t ia te  and
C ‘ »f ! '  sUe o f ¿ „ r r  , y ’ a s , P u r s , o w  0984) has shown tha t the 
J  wUh 5fat-s tab le f c? i „ r?i l ni b00kedf r a t 1S throu9h the perimysium, then the 

hlch f r acture°is~induce9 ln  th lS  C° " nective t is a “ a moat determine theO f w ,a  m u u 4 .e u .

t e j w  h e ? l tbe s1tV, t1 ; n is  complex and the great va ria tio n s  in 
t c  " f lu * 0 d i f f e r e n t  muscles from the same animal cannot simply be 
k N  Ca qul ^  collagen c ro s s -lin k  content. Many other fac to rs
t1^ " 'd i? ibotween c i l ia  ’  ou!:.r ?pent studies have il lu s t ra te d  good 

tki. f f orent la 9en c ro ss -lin k in g  and known te x tu ra l va ria tin n s
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Cro ss -iin u -9ate the d iffe rences in  perim ysia l collagen f ib re  
t >  4t, “ died the i 9 ,n a ran9e o f muscles o f d i f fe r in g  touqhness. We

to und lis tand°thShr,l ka9ef 0 fht,' e endomys iu ”  during cooking in  a 9 ^ tu r e .  erstand the r o le * a t th e molecular le v e l,  o f collagen in

F ig. 1 E lectron micrographs o f perim ysia l preparations from the s ix  muscles 
studied in  th is  in ve s tig a tio n , (a) Psoas major (b) longissimus dorsi 
(c) pectoral is  profundis (d) sternomandibularis (e) gastrocnemius and 
( f )  semi tend inosis . The bar shown represents 100 nm.

ra t io  o f hea t-s tab le  to  h e a t- la b ile  c ro ss -lin ks  as an in d ica to r o f toughness 
showed a fou r fo ld  higher ra tio  in  tough muscles compared to  good q u a lity  
muscles. The same trend was followed in  the perimysium and endomysium where 
the maximal d iffe rence  in  the ra t io  was shown to be 2-2.5 fo ld .
In the present study we have co rre la ted  the to ta l q u a n tity  o f hea t-s tab le  cross- 
links  in  the perimysia studied w ith  the compressive force measured fo r  each 
muscle a f te r  cooking a t  75°C fo r  1 h r. I t  is  c le a r tha t a lin e a r  re la tio n sh ip  
ex is ts  (F ig . 2 ). This re s u lt  shows th a t the type and q u a n tity  o f the collagen 
c ro ss -lin ks  plays a key ro le  in  co n tr ib u tin g  to the ch a ra c te r is t ic s  of 
tenderness o r toughness. The combined e ffe c t o f  c ro s s -lin k  type, the 
d iffe rences in  to ta l collagen content (L ig h t e t a l . ,  1984) and the v a r ia tio n  in

f ib re  diameter are a l l  l i k e ly  to  con tribu te  g re a tly  to  the known v a r ia tio n  in  
q u a lity  o f the s ix  muscles examined. An important po in t to  note is  th a t the 
perimysium is  h igh ligh ted  by our re su lts  and those o f Purslow (1984) as a key 
s truc tu re  in  determining tex tu re .
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Fig. 2 P lo t o f to ta l hea t-s tab le  (ke to -im ine) c ro ss -lin ks  in  s ix  muscle
perimysia vs. compressive force estimated a f te r  cooking the muscles 
fo r  1 h r a t 75°C (data taken from D ransfie ld , 1977). For key to 
abbreviations see M ate ria ls  and Methods.

We can p red ic t the e f fe c t  a t the molecular leve l o f the d iffe rences we have 
observed. Muscles w ith  low le ve ls  o f  hea t-stab le  c ro ss -lin ks  in  th e ir  
perimysia w i l l  be more se n s itive  to  mechanical d is ru p tio n . Such perimysia w i l l  

v u ° Ute^ -0 r y,:a?tu re  dur1n9 eating . On the other hand, perim ysia l 
collagen which contains high q u a n titie s  o f the hea t-s tab le  c ro ss -lin ks  w i l l  be 
ta r  less l ik e ly  to  shear on mechanical challenge leading to the sensation o f 
h v M n h T i  1 Furthermore, endomysial collagen which is  linked to  perimysium 
i l . i , ?5u2i*ni 1 ti!es ?f  heat_stab,e c ro ss -lin ks  may be expected to  be s im ila r ly  
! “ ? ' ke ly , t0  break away from perimysium during m astication than in terfaces 
conta in ing low le ve ls  o f  hea t-s tab le  c ro s s -lin k s .

F ig. 3 Micrographs o f an endomysial 'gho st' preparation a t 50“ C 6 0°C 
7 (PC and 80°C. ’
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Our preparations o f endomysial ‘ghosts' were heated on the microscope stage 
through a co n tro lle d  temperature grad ien t. Heating was suspended a t every 2°C 
r ic p  in  temoerature to a llow  e q u ilib ra tio n  o f the system. F ig . 3 shows tha t

o f the 'ghosts ' occurred between 51°C and 65"C. Note tn a t two size  pupu id«..u.i 
o f endomysial 'gho st' were observed in  our preparations.

F ig. 4 P lo t o f volume o f endomysial 'gho st' vs. temperature. Each set o f 
symbols represents the re su lts  obtained fo r  a d iffe re n t  endomysial 
'g h o s t'.  The arrow-heads in d ica te  the s ta r t  and f in is h  o f the 
major shrinkage.

We showed tha t the type IV collagen o f basement membrane (endomysium) 
contained e xc lus ive ly  hea t-stab le  c ro ss -lin ks  (B a iley  e t a l . ,  1984) so we can 
assume th a t the shrunken endomysium w i l l  be p a r t ic u la r ly  stab le  and re ta in  i t s  
in te g r i ty  and strength a t high temperatures ( i . e .  a t le a s t 90°C - see A lla in  
e t a l . ,  1978). What we do not yet know is  the extent o f the compressive force 
which can be developed by the endomysium on sh rink ing . In a recent study 
O ffer e t a l .  (1984) showed th a t the denaturation o f the muscle f ib re s  w ith in  
the endomysial sheat a t 40-50°C leads to th e ir  shrinkage. This is  associated 
w ith  a corresponding change in  tex tu re  o f the meat (Davey & G ilb e rt ,  1974). At 
the same tim e, f lu id  is  le f t  f i l l i n g  the space le f t  by the shrunken muscle 
f ib re s .  Once the endomysial sheath begins to  con tract a t 51’ C the f lu id  may be 
squeezed out o f the cu t ends o f the meat. Thus, the extent o f shrinkage o f the 
endomysium must d ire c t ly  in fluence  the f in a l water content o f the cooked meat.
Secondly, as the in te g r i ty  o f the collagen m atrix in the endomysium is  l ik e ly  
to  be reta ined a t high temperatures, i t  must be considered as an equally 
important b a rr ie r  to  transverse fra c tu re  as is  the muscle f ib re  . Indeed, no 
firm  evidence e :sts to  show tha t e ith e r s tru c tu ra l u n it  is  more im portant than 
the o ther in  th is  respect. I t  is  possible th a t i t  is  the endomysium which most

s trong ly  re s is ts  transverse shear in  cooked meat. Only fu r th e r ,  de ta iled  
ana lysis can resolve th is  important po in t.
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