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BACKGROUND

T e n d e rn e ss  se e m s to  b e  th e  m o s t im p o r ta n t  m e a t q u a li ty  c h a ra c te r is t ic  fo r  c o n s u m e rs  (M o n in , 1991 ; Z a m o ra  e t a i ,  1996 ). I t is w e ll 
e s ta b lis h e d  th a t  th e  a m o u n t a n d  p ro p e r t ie s  o f  c o lla g e n , su c h  a s  so lu b ility , a re  im p o r ta n t in  d e te rm in in g  m e a t te n d e rn e ss  (B u rso n  a n d  H u n t, 
1986 ; H o rg a n  e t a i ,  199 1 ). D if fe re n c e s  in  c o l la g e n  th e rm a l s ta b ility  a re  m a in ly  r e la te d  to  th e  s ta b le  c ro s s lin k  c o n te n t (B e rg e  et a l ,  1997) 
w h ic h  in  tu rn  d e p e n d s  o n  o th e r  fa c to rs  su c h  a s  b re e d , sex , ag e , d ie t, h u sb a n d ry  p ra c tic e s , s la u g h te r  liv e  w e ig h t, c a rc a s s  h a n d lin g , m u sc le  ty p e  
an d  c o n d itio n in g  (Ju d g e  a n d  A b e r le , 1982 ; K a m o u n  e t a l ,  1989 ). L it t le  in fo rm a tio n  is  a v a ila b le  o n  th e  e f fe c t  o f  th e s e  fa c to rs , e s p e c ia lly  b re e d  
a n d  w e ig h t, o n  th e  c o lla g e n  c h a ra c te r is t ic s  o f  sh e ep .

OBJECTIVES
To study  the  c o n ten t an d  th e  so lu b ility  o f  in tra m u scu la r  co llag en  o f  severa l m u sc le s  fro m  th ree  o v in e  b reed s a t th ree  d iffe ren t s lau g h te r w eigh ts . 

MATERIAL AND METHODS
F o rty -f iv e  m a le  la m b s  w e re  u se d , 15 e a c h  f ro m  th e  fo llo w in g  S p a n ish  b re e d s : R a s a  A ra g o n e s a  ( ru s tic  ty p e  m e a t  b re e d , R T ), C h u r ra  (d a iry  

b re e d , D B ) a n d  M e rin o  E s p a ñ o l (M E ). T h re e  d if fe r e n t  s la u g h te r  w e ig h t lo ts  w e re  c o n s id e re d  in  e a c h  b re e d : su c k lin g  la m b s  (1 0 -1 2  k g  live  
w e ig h t) , lig h t la m b s  (2 0 -2 2  k g  liv e  w e ig h t)  a n d  e a r ly  fa tte n in g  la m b s  (3 0 -3 2  k g  liv e  w e ig h t) . S a m p le s  w e re  o b ta in e d  f ro m  fo u r  m u sc le s  p e r  
an im a l: Sem im em branosus  (S M ), Sem iten d in o su s  (S T ), G lúteo  b iceps  (G B ) a n d  L ong issim us d o rs i  (L D ).

A n im a ls  w e re  re a re d  a t  th e  fa rm  o f  o r ig in  u n til  1 0 -12  k g  liv e  w e ig h t. S u c k lin g  la m b s  w e re  s la u g h te re d  in  a n  a b a tto ir  a t th e  p la c e  o f  
o r ig in  to  a v o id  t ra n s p o r t  s tre s s . A ll th e  o th e r  a n im a ls  w e re  s h ip p e d  to  a  fa tte n in g  p la n t, fe d  w ith  c o n c e n tra te  a n d  c e re a l  s traw  “ a d  l ib itu m ” an d  
s la u g h te re d  a t th e  a p p ro p r ia te  w e ig h t. M u s c le s  w e re  d is s e c te d  f ro m  c a rc a s se s  2 4  h o u rs  a f te r  s la u g h te r. E a c h  m u s c le  w as d iv id e d  in to  tw o  p a rts : 
o n e  h a l f  to  c a lc u la te  th e  to ta l c o l la g e n  c o n te n t  (v a c u u m  p a c k e d  a n d  f ro z e n  a t  - 1 8 ° C  u n til  a n a ly s is )  a n d  a n o th e r  h a l f  to  e s tim a te  th e  in so lu b le  
c o lla g e n  c o n te n t. T o ta l a n d  in so lu b le  c o lla g e n  c o n te n ts  w e re  c a lc u la te d  u s in g  th e  m e th o d  d e s c r ib e d  b y  B o n n e t a n d  K o p p  (1 9 8 4 ). R e su lts  w e re  
e x p re ss e d  a s  p g  o f  c o lla g e n /g ra m s  o f  f re s h  m u sc le . S o lu b il ity  p e rc e n ta g e s  w e re  c a lc u la te d  f ro m  th e s e  re su lts . D a ta  w e re  a n a ly s e d  u s in g  S P S S  
8 .0  s ta tis tic a l s o f tw a re . M e a n s  a n d  s ta n d a rd  d e v ia tio n s  w e re  c a lc u la te d  fo r  ev e ry  b re e d , w e ig h t a n d  m u sc le . A  G L M  p ro c e d u re  w as u se d  w h e re  
b re e d , s la u g h te r  w e ig h t a n d  m u s c le  w e re  th e  f ix ed  e f fe c ts  a n d  th e  d if fe re n c e s  w e re  c o m p a re d  w ith  S c h e f fé  te s t.

RESULTS AND DISCUSSION
G en era l sig n ifican ce  o f  th e  th ree  fix ed  e ffe c ts  an d  in te rac tio n s a re  show n  in  T ab le  1. M e an s  an d  s tan d ard  dev ia tio n s fo r  e ach  b reed , s lau g h te r 

w e ig h t and  m u sc le  a re  sh o w n  in T ab le  2. A s  seen  in  T ab le  1, to tal co llag en  co n ten t w as m a in ly  a ffec ted  by  b reed  an d  m u sc le , w ith o u t an  e ffec t o f  
s la u g h te r  live w eig h t. T h e  m u sc le  e ffe c t w as th e  m o s t im p o rtan t on  in so lu b le  co llag en  co n ten t w h ile  b re e d  w as th e  m o s t im p o rtan t e ffec t a ffecting  

so lub ility  p ercen tag e . N early  all in te rac tio n s  w e re  sign ifican t, in d ica tin g  th a t co llag en  ch a rac te ris tic s  d iffe r in  te rm s o f  live  w eigh t, b reed  o r  m usc le .

B reed

M o s t o f  th e  d iffe ren ces  b e tw e e n  b re e d s  w e re  re la ted  to  p e rc e n ta g e  so lub ility , w h ich  w as q u ite  v a riab le  in  su c k lin g  lam b s. D iffe ren ces  am o n g  
b reed s  d ep en d ed  on  th e  m u sc le  c o n s id e re d . M E  h ad  th e  h ig h es t so lu b ility  p e rc e n ta g e  (in  lig h t an d  in  ea r ly  fa tten in g  lam b s) , p o ss ib ly  b e c a u s e  in 
S p a in , M e rin o  is  m a in ly  a  m e a t b re e d  w ith  a  fa s t  g ro w th  ra te . A s  th e  an im a l b u ild s  u p  its  m u sc le  tissu e , n ew  c o lla g e n  sy n th e s is  is  p ro m o te d  w h ich  
is less  c ro ss lin k e d  an d  m o re  so lu b le  (K o p p , 1971 ; B e rg e  e t a i ,  1997, D am erg i et al, 1998). T h u s , in  leg  m u sc le s , ru s tic  an d  d a iry  b reed s  h ad  lo w er 
so lu b ility  p e rcen tag es . A t th e  sa m e  c h ro n o lo g ic a l ag e , ru s tic  b reed s  h av e  a  h ig h e r  p h y s io lo g ic a l a g e  a n d  c o n seq u en tly , th e rm a lly  s ta b le  co llag en  
fo rm s a lso  in c rea se  (Ju d g e  an d  A b e rle , 1982 ; B o s se lm a n  et a l ,  1995) an d  its  so lu b ility  d e c rea se s  (K o p p , 1971). S im ila rly , in th is  study , to ta l 
c o lla g e n  c o n te n t w as  g en e ra lly  h ig h e r  in  M E  th a n  in  o th e r  b re e d s  b u t th e re  w e re  n o  sig n if ic an t d if fe re n c e s  in  su c k lin g  lam b s.

L iv e  w e ig h t

A c c o rd in g  to  T ab le  1, liv e  w e ig h t d id  n o t h av e  an  im p o rta n t e f fe c t o n  th e  c o lla g e n  c h a ra c te r is t ic s  a n d  v a r ie d  a m o n g  b re e d s . H ig h  to ta l 
c o lla g e n  a n d  lo w e r  in s o lu b le  c o l la g e n  w e re  o b s e rv e d  in  h e a v ie r  s la u g h te r  w e ig h ts  (e .g ., in M E , w h ic h  h a s  a  h ig h  d a ily  ra te  b reed ) .

Muscle

In  g e n e ra l, G B  h ad  th e  h ig h e s t  to ta l a n d  in s o lu b le  c o lla g e n  c o n te n ts  a n d  L D  o r  S T  m u sc le s  h a d  th e  lo w e s t v a lu e s . T h e  a m o u n t o f  c o lla g e n  
in  a  sp e c ific  m u s c le  d e p e n d s  o n  se v e ra l fa c to rs , in c lu d in g  f ib re  d ia m e te r  a n d  ex e rc ise . A s  a  re su lt ,  m u sc le s  in v o lv e d  in  a n im a l m o v e m e n t, su c h  
a s  in  th e  fo re q u a rte r , h av e  m o re  c o n n e c tiv e  t is s u e  a n d  w ith  a  th ic k e r  p e r im y s iu m  (w h ic h  is  th e  b a s is  o f  m u sc le  c la s s if ic a tio n  in  c o m m e rc ia l  
c a te g o r ie s )  in  o rd e r  to  t ra n s m it th e  m o v e m e n t th ro u g h o u t th e  te n d o n s  (B o c c a rd  a n d  B o rd e s , 198 6 ). O n  th e  o th e r  h a n d , th e  d if fe re n c e s  in 
c o lla g e n  so lu b il i ty  a m o n g  m u s c le s  w e re  q u ite  v a r ia b le s  a n d  d e p e n d e d  o n  b re e d  a n d  w e ig h t.

CONCLUSIONS
B re e d  w as  th e  m o s t im p o r ta n t  e f fe c t  d e te rm in in g  to ta l c o lla g e n  c o n te n t a n d  c o lla g e n  so lu b il i ty  p e rc e n ta g e , w h ile  th e  a m o u n t o f  in so lu b le  

c o lla g e n  w as m a in ly  a f fe c te d  b y  m u s c le  ty p e . B y  c o m p a r is o n , th e  s la u g h te r  w e ig h t e f fe c t  w as  m u c h  le s s  im p o rta n t.
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Table 1. Significance (F value) of the three effects studied: breed, weight and muscle.

Effect Total collagen Insoluble collagen Solubility percentage
Breed 28.63*** 5.28** 31.31***
Weight 0.09 4.40* 2.26
Muscle 15.45*** 12.70*** 2.23
Breed*weight 7.41*** 3.24* 5.53***
Breed* muscle 2.47* 5.62*** 2.82*
Weight* muscle 6.32*** 1.79 4.65***
Breed*weight*muscle 5.09*** 2.96*** 6.12***

*p<0.05; ••p<0.01;***p<0.001

Table 2. Means and standard deviations for several breeds, live weights and muscles in lambs

Sample Total collagen (pg/g) Insoluble collagen (pg/g) Solubility percentage (% )
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Suckling 
(10-12 kg)

SM 533.6 (131.1) x 226.2 (63.8) AB 55.3 (17.1) A
ST 395.7(103.9) 291.9 (56.1) aA 23.4(18.0) byB
GB 445.4(116.8) 241.5 (62.4)AB 44.8 (10.4) aAB
LD 368.4 (70.8) 157.0 (32.0) B 54.9 (17.1) axA

Light 
(20-22 kg)

SM 321.9 (58.1) byBC 222.9 (23.9) 29.1 (13.7) bAB
ST 446.2 (79.9) bAB 205.6 (71.5) 54.1 (11.6) abx A
GB 490.0 (69.8) bA 255.1 (60.2) 48.3 (6.0) ab A
LD 260.3 (95.7) C 191.6 (33.3) b 21.5(17.4) byB

Early fattening 
(30-32 kg)

SM 390.5 (77.6) xy 187.6 (34.7) 49.3 (19.0)
ST 346.3 (58.4) 213.2 (34.4) a 36.5 (17.2) xy
GB 338.4 (80.1) b 194.0 (22.6) b 40.7 (10.7) c
LD 313.8 (67.2) b 201.4 (34.3) b 34.0(13.4) bxy
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Suckling 
(10-12 kg)

SM 418.5(108.1) 233.6 (67.7) AB 44.5 (2.1) xy AB
ST 476.5(171.3) 168.1 (28.3) bB 62.5 (9.9) a A
GB 411.0 (129.1) y 292.9 (18.0) A 23.9 (19.3) byB
LD 421.4 (75.3) 190.1 (46.7) B 55.2 (6.6) a A

Light 
(20-22 kg)

SM 328.7 (84.2) b 210.2 (48.7) 34.7 (11.1) by
ST 353.3 (87.5) b 205.4 (62.3) 41.4 (11.9) b
GB 409.2 (113.3) by 272.1 (47.2) 30.6 (15.3) by
LD 436.0(168.7) 247.3 (33.4) a 37.8 (20.9) ab

Early fattening 
(30-32 kg)

SM 439.7 (85.1) B 214.1 (10.2) BC 50.2 (7.30) x AB
ST 415.1 (149.2) B 181.0 (8.2) ab C 52.4 (14.1) AB
GB 704.3 (64.5) ax A 297.0 (49.3) a A 57.6 (7.7) bx A
LD 387.9 (92.2) b B 251.3 (32.6) a AB 32.3 (16.3) bB
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Suckling 
(10-12 kg)

SM 434.5 (32.0) BC 232.9 (59.7) 46.8 (11.3) B
ST 574.5 (41.8) x A 186.5 (40.7) b 67.4 (7.3) ax A
GB 497.4 (40.8) z AB 263.3 (35.6) x 46.8 (8.5) ay B
LD 385.2 (77.0) y C 241.7 (63.6) x 37.2 (12.4) by B

Light
(20-22 kg)

SM 503.0 (123.8) a BC 184.2 (27.6) B 61.5 (10.5) aAB
ST 625.5 (76.6) ax AB 196.1 (29.9) B 68.4 (5.0) ax A
GB 767.5 (67.4) ax A 263.7 (41.9) x A 65.2 (7.4) ax AB
LD 377.6 (46.8) y C 178.3(18.6) bxy B 52.0 (9.2) ay B

Early fattening 
(30-32 kg)

SM 518.7 (216.0) AB 233.5 (53.1) A 51.2 (13.4) B
ST 311.3 (37.3) y B 150.9 (26.2) bB 50.8 (11.5) y B
GB 673.9 (14.9) ay A 165.1 (24.9) by B 75.5 (3.4) ax A
LD 568.3 (34.0) ax A 162.3(11.9) byB 71.3 (3.4) ax A

a, b, c.- Different letters in the same column reflect significant differences between breeds within live weight and muscle (p<0.05). 
x.y.c-D ifferent letters in the same column reflect significant differences between live weights within breed and muscle (p<0.05).
A ,B ,C -  Different letters in the same column reflect significant differences between muscles within breed and live weight (p<0.05).
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