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Introduction.

With the discovery of the cold shortening phenomenon (Locker & 
Hagyard, 1963) and the associated toughening of the meat, measu
rement of the contractile state of the myofibril (sarcomere 
length) gained considerable interest. The traditional sarcomere 
length measurement, using a light microscope equiped with a cali
brated eyepiece micrometer is accurate but rather time consuming. 
A more convenient method, first presented by Voyle (1971), con
sists of the illumination of the muscle fibre by coherent mono
chromatic light (Laser) to obtain a diffraction pattern. The 
muscle fibre acts as a diffraction lattice with the sarcomere 
lenght as the lattice constant. However as discussed by Rudel & 
Zite-?erenczy (1979), sarcomere length by means of laser diffrac
tion is not as straightforward as believed. With a normal inci
dence of the laser beam not all of the illuminated myofibrillar 
clusters will contribute to the diffraction procès, but only a 
small proportion of them, corresponding to the Bragg condition :
2 d sin a = k A (d = sarcomere length, a = glancing angle between 
incident light and lattice plane, k * diffraction order, X = wave 
length). Possibly because of this reason, this method may give 
results differing from those obtained by light microscopy 
(Varcoe & Jones, 1 9 8 3 ), especially after electrical stimulation 
(George et al., 1 9 8 0 ).
We have compared both methods in routine analysis.
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with a calbrated eyepiece micrometer (Magn. x 1250) • 
sample 5 to 15 sarcomereswere observed (depending on
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- laser diffraction : Within 48 h from sampling SL was t
mined, from the measuring distance (2T in mm) between ^
order diffraction lines obtained after illumination 0 f
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cle fiber with a Spectra physics n. 145-02, 1 . 5  mw 
632.8 nm (Spectra physics, Mountain View, USA) fixed 
tical position. From the Bragg condition it can be 
ted that the sarcomere length (um) is given by :

0.6328 x D x  J  ( T / D ) 2 ♦ 1)

SL (um) =

D : Distance in mm between the muscle fibre and

From each muscle 20 different measurements of 2T were 
ned from one fixed sample.
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Results and discussion
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ser diffraction gave significantly (paired t-test P 
gher values (Mean value ! 2.11 um) compared to light 
(Mean value s 1.97 um).
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The regression slope and intercept differ significa fe
0.05) from 1 and 0 respectively. The net result of ^
sion is an overestimation (or overprediction) of sarc 
length by the laser method. These results are similar
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Material and Methods.

Animals and muscles:

One year old bulls were slaughtered in the slaughterhouse of our 
laboratory and the carcasses were treated to obtain differences 
in contractile state due to rapid cooling (cold shortening) or 
electrical stimulation (Demeyer & Vandendriessche, 1980).
Muscle samples (n=73, 1-2 g, 3x2x2 cm3) were taken at various 
times (up to one week at 2°C post mortem) from Longissimus dorsi 
lst-3rd thoracic rib (12 samples, LDl) and 6th-7th rib (8 samples, 
LD2), Infraspinatus (8 samples, T F), Gastrocnemius (9 samples, G) 
and occasional other muscles (16 samples). Samples were fixed 
in glutaraldehyde (see below) and sarcomere length (SL) deter
mined by light microscopy and laser diffraction. For 41 samples 
(LDl, n-7; LD 2 , n=8; ST, n=8; ST, n=8; IF, n=8 ; G, n=6) the SL 
was also measured on fresh samples with the light microscope.

Sarcomere lenght measurement:

a. Preparation of samples;
- For measurement on fresh muscle (microscope) 1 or 2 g of fresh 

muscle was minced with a knife and gently homogenized with an 
Ultra-Turax (type TP 18/10 Janke and Kenkel, KG Staufen, BRD) 
in circa 20 ml of a buffer solution of pH 7.6 (0.25 M sucrose,
0.05 M Tris, 1 mM EDTA and HCl for pH adjusting) Davey & 
Gilbert (1974).

- For measurement after fixation (microscope and laser) 1 or 2 g 
of fresh muscle was fixed during 2 hours in a solution con
taining 0.1 M K C1, 0.039 Boric acid and 5 mM EDTA in 2.5% glu
taraldehyde and then transferred to a solution of 0.025 M K C l , 
0.039 M Boric acid and 5 mM EDTA in 2.5% glutaraldehyde 
(Laser manual).

b. Measurement:
- light microscopy: SL of the suspended myofibrils were measured 

using a Reichert-Biovar (Austria) light microscope equiped



h ra tioftacti s Were calculated using results obtained by laser dif- 
fati08 and by ligth microscopy on the same fixed samples (35 

°f aic °btained from 35 paired measurements) . Linear regression 
8CoPic ratios (Y) on laser ratios (X) gives the following
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and 1 respectively. So it is allowed to fit the regres- ’■nror- •

0.14 + 0.87 X (r-0.83, rsd=010, n«35)

Sl»lts in°U8  ̂tbe ori8in (Snedecor & Cochran, 1978). This re- 
n*3$) f tbe Allowing equation : Y ■ 1.02 X (r*0.82f rsd-0.10,
^ t h i  UTe 2 ) *
d0es notS .eqUation at can be concluded the laser method
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differ from the microscopic method in measuring changes 
Uced by various treatments, although laser diffraction 
err°neous absolute values. For measuring SL changesiaSer  j -

llJ|,ersi fraction method does save time compared to oil

AS ilent io nlniCrOSCOPy'^gth ,je^e^ *n tbe material and methods section the sarcomere 
iïe$h s termination was also performed with the microscope on 
l° C°®Par̂ êS ^°r ^  tbe ^  samples. This makes it possible 
îaj)ie e tbe accuracy of the three methods (table 1).
^  * ^ean variation coefficients (VC) of the different 
sV v^i®ethods used to detennine SL (on 41 different samples).

Laser Diffract. Microscope
fixed samples fixed samples fresh samples

: (») 
,5an 5.18 7.16 8.91

0.23 0.42 0.52
1.6 - 10.2 4.0 - 17.1 4.7 - 18.1

coefficients obtained using both microscopical methods 
significantly (p < 0.001, paired t-test) from those 

0ni the laser method, and they differ significantly

(p < 0.05, paired t-test) from each other. From this table it 
can be concluded that the laser method is more accurate (signi
ficantly lower variation coefficients). The above variation 
coefficients are comparable to those found by Cross et al (1981), 
who concluded that using the laser method less measurements (34) 
are required to assure a 99 % precision than with the microsco
pical method (45).
This fact in combination with the above information may lead to

♦the conclusion that laser diffraction can be recommended for 
measuring changes in SL induced by different treatments, although 
the method is not suitable to measure the correct SL value it
self.
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