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GEOMETRICAL MODIFICATIONS OF PERIMYSIAL CONNECTIVE TISSUE IN MEAT DURING COOK! NG
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Background : g
The role of intramuscular connective tissue on meat toughness has been the topic of many investigations. Light et al (1985) mfea( it
that in muscles the amount of perimysial collagen is much more important than the amount of endomysial collagen. They also showe it |
muscles the variation in the amount of intra-muscular connective tissue is mainly due to perimysium, the amount of endomysium rent ok R
almost constant. It is now evident from studies undertaken by Purslow (1985), Totland et al (1988) and McCormick (1994), that pefim,ys1 o by
the connective network with the greatest contribution to variations in meat toughness. In perimysium, as in endomysium, there is @ crlﬁs'csis ly
network of collagen fibres. At rest length, that is, when sarcomere length is about 2 pm, the angle between collagen fibres and muscle ,l o by
close to 55° and the waviness of the collagen fibres is at its maximum. In raw meat, the changes in geometrical or mechanical charaCtef‘S"Ciurﬂ
endomysium with sarcomere length have been modelled by Field and Faber (1970), Purslow and Trotter (1994). Similar changes for penrﬂy :
have been modelled by Purslow (1989) and Lepetit (1991). No corresponding work on cooked meat has been reported in the literature. o0

The mechanical properties of any network of fibres can be predicted from two variables: the angle between fibres and the dire® ‘l)ol(ed
k in ¢

the strain applied to the network, and the elastic modulus of the fibres. Therefore, the mechanical properties of the perimysial networ b
meat will be predictable if the variations of the angle and of the modulus of collagen fibres during cooking are known. Vlg
4
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Objectives : »

The purpose of this work is to give a method for calculating the angle between collagen fibres and muscle fibres in cooked meat.

Materials and methods :
Experiment 1 : mp]c*-'
Normal and contracted Semimembranosus muscles of a cull cow (7 years) after 14 days of ageing at 4°C were used- 58 i
(4.5x2x1cm) with the longest dimension in the direction of muscles fibres were cut so that a perimysial sheet was visible on on€ face o Di&
samples were heated directly in a water bath for 15 min at 40, 50, 55, 60, 65, 70 and 80°C. Cooking loss were measured and sarcome‘“” [(565
was determined using the method of Cross et al (1981). The samples were then put under a video camera and illuminated with an UV igh
nm). The angle between collagen fibres and muscles fibres was determined using image analysis software (Visilog 5). "
Experiment 2 : giff| iy !
Samples (10x6x4 cm) were cut from normal and contracted Semimembranosus and Longissimus Dorsi muscles from 4 cull Cowomeﬂ Q“n(
14 days of ageing. They were heated in vacuum bags in a water bath for 90 min at 40, 50, 55, 60, 65, 70 and 80°C. Cooking loss and s&° U
length were measured. 4
Calculation : of aﬂd ’hel
Assuming that the variations of the angle between muscles fibres and collagen fibres are due to variations in the diame! r

fi

sarcomere length of muscles fibres, this angle can be calculated by the following equation : Q%

in%

: : where : 0. is the angle between muscles fibres and collagen fibres at the temperatures of cock aff?

. 1 t
i@y 2 W Sy Yag (IR SLo the value of sarcomere length at rest length (2um) and SL. the sarcomere leng 4
S°L55 P, cooking. ,
P, the initial weight of the sample and P, the weight after cooking.
Results : // 50‘“
Experiment 1: In the raw samples the angle decreased with increasing bl F‘fus
sarcomere length (figure 1). This is a well known relationship (Rowe, 1974). | I
During cooking, a small decrease in the angle was observed at temperatures above 3 so ‘ L'gh‘
60°C regardless of the initial sarcomere length of the sample (figure 1). The g’t 60 :L o D
experimental data are in good agreement with the theoretical values calculated from | T ?::;:f;iqrg:f } ch(
sarcomere length and cooking loss. o e ” Uy
o 20 [y
Figure 1 : Variation with temperature of the angle between muscle fibres and < 0 + f f p— |I p'qu
collagen fibres. Muscle Semimembranosus. s ‘ 0 20 40 60 80 “ $°W|
Contracted (raw sarcomere length 1.5 um) : @ Experimental U Theoretical . C) \ ,
Normal (raw sarcomere length 2.0 um)  : ® Experimental O Theoretical Heating temperature (
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Experiment 2 :
Slightly higher cooking losses were observed in contracted samples compared with normal samples, especially at the higher

§ (figures 2). These results are in agreement with those of Bouton et al (1974). A slight increase in sarcomere length was observed at

|

:mperature
Tox; y :

tog x‘male!y 60°C in both normal and contracted samples. Then a small decrease was apparent at higher temperatures. Cold shortened samples

miricled less with temperature which in agreement with the results of Bouton et al (1974). The angles calculated from the above equation show
dECrEat decrease above 60°C in Longissimus Dorsi (figure 3). In Semimembranosus an increase was observed near 55°C followed by a significant
Se
. ﬁ
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ﬂ“dco During cooking, there were noticeable variations in the angle between perimysial collagen fibres and muscle fibres, both in normal
h‘ésljggtracted samples. Depending on the geometry of the samples and the cooking conditions, the evolution of the angle with temperature can
“n()l Clly different. In small samples, water exudes rapidly from the sample during cooking, producing a continuous decrease in the angle which
;'"glei OUnterbalanced by the shortening of muscle fibres. In larger samples, fluid exudes at a slower rate and therefore the first change of the
4slight increase due to shortening. In both cases the large cooking losses observed above 60°C produced a decrease in the angle.
f'“fnmeg The decrease in the angle between raw samples and those at 80°C is about 25% in normal samples and about 10% in contracted
\h@m + These variations can produce high changes in the elastic modulus of the perimysium as the angle of fibres is a very influential factor on
Uus of 2 network (Purslow, 1989).

)
ncl[]si ons .

a“hi% This work shows that a rapid and confident determination of the angle between perimysial collagen fibres and muscle fibres can be
fom measurements of sarcomere length and cooking loss.
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