
S i n c e  a  l o n g  t i m e  p r a c t i c a l  e x p e r i e n c e  h a s  sh o w n  a  w id e  v a r i a t i o n
i n  t e n d e r n e s s  o f  m u s c l e s  , s p e c i a l l y  i n  c a t t l e  , b e tw e e n  a n d  w i t h i n  
a n i m a l s .Up t o  now v a r i a t i o n  D e tw ee n  a n i m a l s  n a s  o e e n  m o s t l y  s t u d i e d  
t o  e x p l a i n  t h e  i n f l u e n c e  or b r e e d  , a g e  , c a r c a s s  w e ig h t  o r  f e e d i n g  
c o n d i t i o n s . T o u g n n e s s  m e a s u r e m e n t  i s  , as r o u t i n e  c o n t r o l  , i n c l u d e d , ^  
f o r  t h i s  r e a s o n  , i n  m any e x p e r i m e n t a l  p r o c e d u r e s .

The variation oi tenderness among tne different muscles 01 the 
carcass has not been thoroughly studied , in spite of the major 
influence of this character upon prices of meat cuts .This proolem 
is mainly important in sucn countries like France ,where meat 
consumption is more and more directed towards types of meat 
sufficiently tender to oe used as steak or roast.At the moment we 
lack for this type oi meat in our market ,so that we are obliged 
fo import , though tne total meat production would be sufficient 
quantitatively for our needs.Thus ,in our conditions, we must 
consider that eacn carcass , whatever is its origin , is more or 
less deficient as to its anility to produce tne tender meat we need.

This can explain the special metnod of cutting oeei carcasses 
used in our country.Butcher1s work may be partly considered like
a dissection »during whicn the craftman may and must separate among
one hundred of muscles per naif carcass parts of them which can
really oe used as tender meat and sold in consequence.

In these conditions , tenderness evaluation of the different 
Muscles of cattle carcass is of prime importance in the definition 
of carcass quality .At the moment ,if apparatus (like Warner- 
Bratzler shear iorce apparatus) are available to measure toughness 
of different muscles , no concept have been proposed to assess thi 
characteristic ,on the whole , at tne level of the total carcass. 
This note reports some preliminary results obtained on this proolem 
by considering the muscle Longissimus dorsi in two types of cattle, 
cows and young bulls.

J X p e r jm e n t a l

in a first time 13 cows of Frisian breed were studied . .'.ney had 
similar conformation and fatness and varied greatly in age ( average 
79,8 + 31,b months old , with a range from 30 to 145 months). 
Toughness: of muscles was measured after 7 days oi ageing »at + 2° G. 
The following muscles were studied : psoas major , adductor, 
longissimus dorsi » triceps brachii caput longum , teres major , 
semi tendinosus ,spienius, pectoralis profundus , triceps brachii 
caput laterals , rhomboideus.One slice of 15 mm depth of each 
inhscle was cut , according to a standardized procedure (cutting in 
the middle part of the muscles for all the muscles ,except for 
longissimus dorsi where the cut was made at the level of the third 
lumbar vertebra ,and for psoas major cut at the ^evel of the fourth 
lumbar vertebra.On eacn slice eight to twelve cores of half inch 
diameter were Obtained and tougnness was measured with the ,;arner - 
bratzier apparatus.

A similar procedure was adopted with young bulls which were nine 
0j- hormande breed and nine of Frisian breed.They were 16 to 18 month 
cld .Their muscles were considered after a delay of ageing »varying 
m o m  5 to 7 days »according to the muscles.
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RESULTS AND DISCUSSION

Average values ox shear xorces for each muscle in both types are 
shown in Table I. The table xl is concerned with the variance analy5' 
of shear forces ,according to muscles and animals.The relationship 
of toughness index of longissimus dorsi and other muscles are snowh 
xn Tabxe III in which are quoted the values of correlation between 
shear force index of -Longissimus dorsi and the average shear force 
index of the ten muscxes studxed by animal.In Table IV are the valuS" 
of correlation between toughness of longissimus dorsi and that of 
each nine other muscles.

There exists a significant effect of the nature of muscle upon 
shear iorce variation .The interaction muscle-sex is high , which 
may mean that the effect of sex is not tne same ior each muscle .lb 
addition one observes a very important variation of indexes bet we®11 
animals , for eacn muscle.

Variation among muscles is not surpi^sing , because the muscles 
have been partly choosed on their assumed difxerences in toughness* 
Prom these results it is possible to set a hierarchical order of 
ten muscles , as tenderness is c o n c e m e d . l t  is probably i m p o r t a n t   ̂
note that this order is not the same for cows and young bulls.Too > 
the shear force indexes Ox each muscle are quite difierent b e t w e e n  
the two types , except for the semi tendinosus and the teres maj°1’ 
muscles.

The important variation between the same type of muscle of the 
different animals can be partly explained oy the general v a r i a t i o n  
of toughness which existed between animals .The average shear f ore ^ 
index 7 calculated from the mean of the ten muscles was 5,13 + l’ 
kg in cows and 5,22 + 0,71 kg in young bulls.The range of this 
average index was from 5,27 to 7 ,0 1  kg for cows ,and 5 ,7 8  to 6 ,5 0  
for young bulls. ji

But a c e r t a i n  part of the variation is independent and seems t° 
aleatory »As examples one can consider.the values of shear forces 
of individual muscles for the more tender and tne less tender 
animals in cows and in young bulls ( Table v).

This situation makes aoubtiul the meaning oi this average inde>
of toughness and questionable its use.

} L » v .The principle of one average index of toughness had been evo- ^ 
by assuming than in the hypothesis oi a rather uniform (constant 
proportional ) increase of toughness of tne different muscles ,a 
small but sufficient number of them will be necessary to establis ‘j) 
this index .In fact , as shown in Table III the relationship 
values of the average index and the index of each muscle are vai1 
(and different in each oi the two types of animals).

It is well'/ known among meat research workers that the muscle ^  
longissimus dorsi is an experimental muscle , widely used (.and 
often the only one considered in the studies) .Ease oi its obteh“ 
may be the reason of this privileged position in minds ot resea- ^  
workers and in experimental procedures.Nevertheless ,its predic^-^ 
value of toughness; of other muscles seems not very satisiactory 
cows and »mainly , in young bulls. g

From these preliminary results one can conclude that there 
between muscles large differences of toughness , which are laf g e Qf 
cows than in young bulls. Toughness variation ,between animals » 
each muscle seems relatively aleatory.For that reason it is n o t  
possible to propose a general toughness index rather simple.
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The same 

production
type of work might be applied 
ana consider more muscles.

to other types of meat

ihe pxedictive «alue of longissimus dorsi is not very satisfactory 
As to the origin of toughness ,these results suggest that muscles'’ 

show a variable susceptivity to the influences of dixferent factors 
which affect toughness .This point might be cleared up rather 
quickly because the unexpected variation in tenderness causes many 
roubles in meat ti'ade ,specially in our country where the butcher 
is becoming more and more a "tender meat digger" , for whom 
tenderness is quite synonym of profit.
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TABLES

TABLE I - Shear force index (kg) of different muscles

Muscle Young 
E =

bulls
18

Cows 
N = 13

i

Psoas major
X

3,27
< r

0,64
X

2,35
c r

0,40
Adductor 3,00 0,92 2,42 0,59
Longissimus dorsi 4,15 0,91 2,66 0,72
Triceps brachii 
(caput longum) 4,67 1,05 4 ; 15 1,19
Teres major 4,85 1,13 4,60 1,08
Semi tendinosus 6,10 1,06 5,86 0,76
Splenius 4,19 0,98 6,91 2,85
Pectoralis
profundus 8,05 2,41 7,38 2,22
Triceps bracnii 
(caput latérale) 8,80 2,25

COi^
i•»

b- 2,28 I
Rhomooideus 5,12 1,36 7,56 2,22

TABLE II - Components ox variance oi shear force inde:

Source of variation Degrees cf freedom Mean squares

, type of. animal 
(cow or bail) I 0,653

muscle 9 110,448

"type x muscle interaction 9 16,328

animals 290 2,263
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Ï'ABLE III- corrélation oeiween shear force inaex of each muscle 
ana tne average index or the ten muscles

muscle 3roung bulls cows

Psoas major .69 .50
Adductor .63 .69
Longissimus dorsi .62 .71
Triceps brachii 
^capux longum) .49 .87
Teres major .36 .23
Semitendinosus .80 .72
Splenius .29 .81
Pectoraiis
proiundus .56 .83
Triceps orachii 
(capux laterale) .71 .77
Rhomboideus .39 .87

TABLE IV - correlation between shear force inaex of longissimus 
dorsi and other muscles

muscle young oulls cows
---------------{

rsoas major .32 .66
Adductor .11 .53
Triceps brachii 
(capux longum) .65 .72
Teres major - .05 .37
Semitendinosus .45 .29
Splenius .47 .41
Pectoraiis
profundus .31 .57
Triceps brachii 
(caput laterale) .18 .43
Rhomboideus .40 .58

TABLE V - Shear force index of individual muscles in less
tender and more tender animal

muscle young bulls cows i

Psoas major 2,39 3,74 2,42 3,00 ■
Adductor 2,57 5,14 1,29 3,02
Longissimus dorsi 1,91 4,61 1,88 3,80
Triceps brachii 
( capux longum) 3,33 4,92 1,92 6,81
Teres major 2,84 5,8S 5,01 4,36
Semitendinosus 4,53 7,14 4,01 5,83
Splenius 2,70 5,40 4,39 11,85
Pectoraiis profun­
dus 5,17 7,99 3,93 9,58
Triceps brachii 
(caput laterale) 3,47 12,05 4,35 10,49
Rhomboideus 4,81 6,11 

n a

3,48 11,35




