






















By taking into account just the main sheet of the network, ABUSTAM e t  a l . (1987) obtained similar results in a compresS'°n
test'

no conclusive results have emerged from the various studies on the incidence of the perimysium distribution on ntechai»ci

al<because variations in the network are always accompanied by related variations in collagen content (ABUSTAM e t  .  

collagen thermal solubility (NORMAN, 1982) whose respective impacts have not been determined. Furthermore, the re 
mechanical measurements and the characteristics of the network are often restricted to linear density, just one of the 26 d6 ^
by DUMONT (1985). The thickness of the main and secondary sheets, in particular, should also be taken into considerate b#
come up against the problem of obtaining a perfectly distinctive perimysial network in which the different m y o l ^  ^

anoot ̂identified. Although the connective network and its constituents can be closely studied on stained histological sections, 
image analysis (SCHMITT and DUMONT, 1969 ; SCHMITT e t  a l . ,  1979 ; TOTLAND e t  a l ,  1985), the same method ^  
to study whole sections of muscles. Consequently, a technique for obtaining whole muscle sections was design^ 
DUMONT, 1980), but with which it is difficult to totally identify the perimysial network so that analysis is often restrl 
bundles.

; fat15-3 A p p l i c a t i o n  o f  u l t r a s o u n d  m e t h o d s  to  t h e  s t r u c t u r a l  a n a l y s i s  o f  c o n n e c t i v e  t i s s u e
Ultrasound techniques have been used for some time in the meat production sector to determine simultaneous

muscular development in the live animal (KEMPSTER e t  a l . ,  1979 ; GLODEK, 1984) and more recently in meat process! i. tne jcontent of carcasses (MILES e t  a l . ,  1990). These methods are based on the analysis of the propagation velocity u w  
influenced by the composition of the muscles, and particularly by their fat content, or on the measurement of the dts
ultrasonic transducer and a fat-lean meat or fat-bone interface acting as a specular reflector to the ultrasonic waves.u i u a a u u i V /  U d i i M i u t C l  ailLi d  meal U l  l d l * U U i i t  m i e i i a e e  d t u u g  d s  a  ojA/V/Uidi l v u v / U i u i  t v  u i v  l a u a a w i n v  ^

techniques have also been used to study muscle tissue, such as subjecting tissue to ultrasound pulses and analysing the ^ |.
id ied 6u6When an incident ultrasonic wave encounters local modifications in density and compressibility in the sample stiKU6“ ^ ^ ]

small dimension compared to the wave length, it is diffused in numerous small waves in all directions. The signals thus ^  
the surface of the transducer and give rise to images presenting a random graininess or mottling . This phenomen01̂
"speckle", is well-known in échographie imaging (BURCKHARDT, 1978 ; WAGNER e t  a l . ,  1983). Statistical analyslS
of the specular reflection of the ultrasounds on structures of greater size than the wave length, characterised by impeda1̂ 6 ,9# 
information on intramuscular fat content and its distribution (HAUMSCHILD and CARLSON, 1983 ; BRETHOf 
heterogeneity of the meat as influenced by the presence of connective sheets (ABOUELKARAM e t  a l . ,  1992). These 
non-destructive and hence could be used to characterise and classify muscles. However, they do not provide so detai e 
pattern of the connective sheets as the direct analysis of the network. Furthermore, they are not able, for the present,t0 L„ 
the respective contributions of the fat deposited in the connective structure and the collagen fibres, which have opp°slte n r o / :  

The methods used to analyse the ultrasonic signals diffused could be adapted for the study of the mechanical
They could be used as a complement to current methods, most of which determine the overall behaviour of the product
to provide information non destructively on the distribution of the mechanical properties within the sample. By coupHn®

,stap‘

deformation with a high frequency (i.e. ultrasonic) mechanical deformation OPHIR e t  a l . (1991) devised a method of

profile within a product. They correlated couples of ultrasonic lines from a sample at rest and from the same sample 
and showed that it is possible to determine local strain and consequently, as the applied stress is known, the values 0 ^
rigid zones within the sample, not normally seen by direct observation of echographic images, can thus be detected.
slab, this method clearly revealed the differences in mechanical behaviour between fat and lean tissue. OPHIR e t  t t l.< 78
that the method could be used for the quality control and grading of meat. However, the resolution, which depends a
the wavelength used, the characteristics of the signal and the mechanical contrast in the tissue, would have to be sufficie:fltT

6 - Conclusion
For a long time, research on the mechanical properties of meat focused mainly on the development of deV1 . j. . . ................................................  . . . . . . .  nil Ul"texture of cooked meat. As they generally gave a force value determined under various deformation conditions, n° o

assessing texture was established . About 20 years ago, there was a change in direction, and studies concentrated ° n
current methods advocating a more fundamental approach to determine which structures are in fact stressed during rued✓
which conditions.

f  A'iIt was shown that the application of tests in well-defined conditions of deformation and the determination 0 J r J
l / r

the force-deformation curves could yield information on the mechanical properties of the connective tissue and the ^ l£* ;
possible to analyse the variations in the characteristics of these structures as affected by different factors, both biol°§' J

X

5c

s

s
A

lte

in1This can be done successfully in raw meat because of the peculiar structural features of the collagen fibres. In cooked1 ^ jS > ̂

are closely linked and their mechanical properties usually interfere to induce the overall mechanical behaviour.
cooked meat to determine with certainty and in all cases whether the variations in a mechanical parameter are the ^
strength of the myofibrillar structure or in the connective structure itself or in the association myofibres-connective 1,6
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test- \  . Ucl) still rem •Cl‘Ve „ nains to be done in the prediction of cooked meat texture from measurements on the muscle. It will require non 
eth '

\< 0  O PIes
s to determine both collagen and myofibre strength. While a non destructive assessment can be made of the latter on 

tc ' tiuscl 'defined geometry in which anisotropic factors are under control, the method has yet to be applied to a muscle, or a 
îcaii. ’ ln which anisotropy is less easily controlled. Although the collagen content of a sample of raw meat can be determined

J  “"of
« is notS y s ^  OI at Present possible to do so in non destructive conditions. Moreover, the extent of cross-linking of the collagen 

assessed mechanically in raw meat. The influence of the distribution of the perimysial network on the mechanical
; f r  , ,(0t

Of tieat is
W

îCV \ ,g j A - Ll

JO _to Providj 001 *cnown> an(i methods to characterise this network need to be developed. Research efforts should be
g ty,e meat industry with a method capable of assessing as essential a characteristic of its raw material as tenderness.
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