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(static, dynamic, viscoelatic) Qlvashov et al., 1982; Ivashov 
et al., 1985; Ivashov et al., 
1985).One direction of this research 
is connected with the study 
into possibility of using an instrumental method for meat 
consistency determination in 
order to control its freshness. The development of such a me
thod is conducted on the basis 
of the analytical and experi
mental study into viscoelastic 
properties of meat.In the present paper part of 
this development is described dealing with the viscoelastic characteristics of beef muscle 
tissue.

MATERIALS AND METHODS 
We have investigated viscoelastic properties of beef 
muscle tissue at the following 
temperatures: 14°? 4°. -4°, 
-12°C, corresponding to the 
technological parameters of 
raw material processing and 
storage. In this connection 
press relaxation was studied 
under conditions of uniaxial 
compression on the universal 
testing machine MR-500T2(USSR)• 
The machine is provided with a loading reverse, thermocryo- 
camera, electronic devices for force and deformation record
ing. Before tests the samples 
were thermostated in a cryo- 
camera at a predetermined temperature in order to level 
their temperature field. During 
the samples loading, at the moment when the predetermined 
deformation value was achiev
ed, the loading device of the 
machine disconnected and the 
sample was rigidly fixed between the reverse plates. Load
ing chaniges were automatical
ly recorded on the diagram 
tape of a dynamometer. Testing 
time was 60sec., samples deformation level ( E ; changed in the range of 0-0.50. 
Investigation was conducted on the rump muscles of 2-5
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years old cattle, those musc
les being conditioned during 
72 hours at 2-4°C after slaughter. The samples having a cy
lindrical form (diameter 28mm, 
height 15-17mm) were taken 
by means of the special device 
with a rotating knife having 
a circular section, the samp
les being excised transver
sely to the muscle fibers. 
Press relaxation was tested 
on 112 samples; in each temperature series 24 samples we
re tested - taking by 6 at the 
deformation of 0.1; 0.1 5 ; 0.2; 
0.3.For each temperature value 
families of curves illustrat
ing loading changes ( P ) in 
time (V ) at the correspond
ing deformation levels were obtained.

RESULTS
P -'T dependencies were transformed into press relaxation 
curves ¿ - t  (Fig.1).

6W*/la

6 t0'*na

b. t° = -12°C
2 - E = 0.2 

<3-io*na

C. t° a 4°C 
3 - E a. 0.1 $

Fig.1. Press relaxation cur
ves - £ :

a. t° = -4°C 
1 - E = 0.3
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fan family of curves a 
^tinr ^ mensiona3- press re- 11 curve was found.

V  f
°o** initial testing v press, Pa;° - press at a given

Considering nondimensional 
press relaxation curves fy<30 it becomes clear that along 
with temperature fall visco
elastic properties change sig
nificantly. The quantitative 
evaluation of these properties 
changes may be done using the 
theory of heritable viscoelasticity by Boltzman-Walter. In 
case of press relaxation
E (t) = E, = const, the linear 
integral Walter equation of 
the second order assumes the following appearance:

J (1)

where T (2r) is the influence 
function.
In the theory of integral 
equations any function of ar
bitrary appearance as a depen
dence function T (£)» also called a relaxation nucleus, 
may be taken. To describe ex
perimental relaxation curves 
of the muscle tissue a weakly 
singular nucleus may be used.

T  (t) - A e ^ - V ' 1 (2)
where 0 < o ^ <  1 ;c* , A - are
parameters of the relaxation 
nucleus.
To determine ^  , A-para-
meters a combination method 
may be used.
The essence of this method lies in the comparison of ex
perimental curve with its ana
logue from the family of theo
retical curves constructed 
for different parameters of 
influence functions in the lo
garithmic coordinate grid and 
for the use of integral tables 
on the basis of singular func
tions dependence. As the re
sult of such comparison theo
retical curve parameters are 
related to the experimental 
curve (Koltunov, 1976). According to the described 
method mathematical evaluation 
of experimental data was con
ducted on the basis of nondi-
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mensional press relaxation curves ( see fig.2). From equa
tion (1) it follows;

^ M = { J j T ( z ) d z  (? )
The left part of equation (3) 
substitutes for the graphic 
image of the experimental non- dimensional relaxation curve, and the right one - for its 
analytical expression. Relaxation nuclei parameters 
T (t), determined by the com
bination method, are equal; 
at all temperaturesJ3 =0.75»
<* = 0.05; A at 14°C = 0.0539, 
at 4°C = 0.0485, at -4°C =
0.0431 and at -12°C = 0.0324. 
With the help of equations (1)? (2) and the driven rela
xation parameters of the nuc
lei, the analytical relaxation 
curves of the muscle tissue 
were obtained at the <̂ 0 values. All calculations were 
performed on the microcompu
ter "Electronics D.Z-28"(USSR). 
Approximation deviations of the 
experimental data did not ex
ceed - 3 - 5%.

CONCLUSIONSThe analysis of the obtained 
results permits to drive some conclusions that are signifi
cant for instrumental method development aiming at deter
mination of the meat consis
tency according to the data 
of its viscoelastic properties measurement.
It was established that depend
ing on temperature, muscle 
tissue develops under loading 
the properties of a rigid or 
a soft biopolymer, deformation 
of which is described with the 
help of the theory of heritable viscoelasticity.
At the determination of the 
viscoelastic characteristics 
of the muscle tissue a testing 
scheme on the press relaxation during compression is desirable for use. With that the process of samples preparation

and fixing and the expert 
tal process itself become 
easier.To obtain significant res 
it is necessary to load samples with high and con»^ 
speed while conducting Pr 
relaxation tests.
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