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INTRODUCTION
Interest in the study of mus
cular tissue properties is ac
counted for, on one hand, by 
its involvement in the movement 
mechanism , respiration pro
cess, food digestion of hu
man beings and animals and, 
on the other hand, by the fact 
that it is an essential compo
nent of meat which is a major 
food.Muscular tissue represents a 
polimer of a biological natu
re, its particular features 
being the presence of substan
ces in different states of 
aggregation having a develo
ped structure. Technological 
processing must cause a chan
ge in the properties of tis
sue, acoustic properties beind 
among them. Acoustic properties 
characterize the energy of in
ner molecular and intermole- 
cular bonds and also molecular 
mobility. The data on acous
tic properties for meat and 
meat products are limited (1,
2), therefore the research in 
this line is demended. The 
purpose of the present study 
is to investigate acoustic 
properties of meat, meat pro
ducts and their components.
MATERIAL AND METHODS
Semi-tendon muscle of cattle, 
sausages, cooked sausage and

their components such e 
i\T„m trm qiicr0 .

as
NaOl, KOI, OaClp, suci" e, 
cose, lactic acid,histidine, lysine, thr 0f 
were used as the oboe . 
study.Water was a bid-1® &ci& 
while salts, sugars .nil, 
were conventional chefln- ^  $ 
pure substances studie 
state of being dissolYdifferent concentration $ ^
The characteristics ch ^  y 
amplitude of particle } ‘ft #
particle acceleration ^d f  
ration velocity #  > 3 „-ad*1
sure P , mean pressure & 
4/>, elastic wavevelocity 2^, absorptio^ j  
c< , compressibility
dynamic modulus of

G - . Before discussing g-fcit
ys to determine the ac ^ &
parameters such methodo^^^
terferometric, optic» 
phase, resonance, reY; 0f and some other methods 
mating and were
For some reasons the i
method based on a speO-^jeG . 
atment of acoustic an 
signals was used in tn /
The effect of i n t e n s i ^ ^;oncen

tem?e?nd
ve frequency j  ,
of substances X  », relative strain^  
rmal treatment on Pr0E0dtcV  animal tissue, meat P 5 Ve and their components r 
stidied (3-5)»
RESULTS

o fAcoustic properties ° tissue and its compon*» gi ■«
resul“ nW  ,(<me apparent as aapplication of the_hat i .¡j 

strain field.In this _
t u r b ^ ' V ^a p p e a r  e l a s t i c  c L i s t n i  w> 0 

t h e  s a m p l e  s t u d i e d ,  j ^  d  ^lpie s-cuaie^. ea 
appear and be transi^
to the displacement o Wjtf 
particles as related 
rest position and th ^rence of disturbance 
particle to another* $
2, 3 A, A V> A t S > P  -> ¿'C- pd U  as functions of J  As r increases, the
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toJfi > u; uo ,  • a n d  a P  i n c r e a s e  
? ^ a y  c a u s e  c a v i t a t i o n

S  d p S i e *  H  w i l l  r e s u l t  i n  
V . r ^ t i o n  a n d  t h e  m i s r e -  

N s t i  ^ o n  ° I  t h e  r e s u l t s  o f  
j ^ i Q ^ ^ i n v e s t i g a t i o n s .  C a v i -

o r  1  o n l y  t« >  i s  
i ,  ^ h a n  t h a t  s h o w n  i n  f i g .

¡ S i  1-
5 ° s t a - n c l S s u e  i s  c o m p o s e d  o f  
?  s ^ c e s  i n  g a s e o u s ,  l i q u i d  
t w  ■‘ ■ la. p h a s e s .  D e p e n d i n g  o n  

g  a n d  s t o r a g e  c o n d i t i -

q P s r i^^1 3  o b s e r v e d  w h e n  t h e  
i k h p - n 6^ ? 6 o f  I  o n l y  i s

Ssih
g a s e o u s  s u b s t a n c e s  

C  ' » I p ,  C 0 2  a n d  ° t -
C N W  I  t h o u g h  m  s l i g h t  
( w e q d p *  I n  f i g .  4  a n d  5 .  t h e  
V >  ) a c e  o f  s o u n d  v e l o c i t y  
h d o p  . p ^ I  n o n d i m e n s i o n a l  a b s o

N S > * y 0tor ^  f o r  C0"  on^$7 absh.
a n d  t h a t  o f  m a x i m u m  

o j w ^ n p t i o n  f r e q u e n c y  i n  
n e  p r o p o r t i o n  o f  o t -HU ~ *  J rv -----------— ----- ---------

\  m i x e d  w i t h  i t  s u c h
nS» 2 • "Ho0 , 3 .-H 0S,

n t e d .
t k ^ l o A  ^  P n i n c i p l e ,  t h e  p r o -  
to* v a l n 2 f  g a s e s  m a y  a f f e c t  

o f 11®5 ° I  a c o u s t i c  p r o p e r 
t y  q ^ t s c l e  t i s s u e ,  p a r t i c u -  
¡ ^ U e ^  n i g h  f r e q u e n c e s ,  t h i s  

0 f e , f s  i n s i g n i f i c a n t  b e 
t s  i n  s l i g h t  a m o u n t  o f  
V h  t i s s u e s .
^ v SU e  ^  c o m p o n e n t  o f  a n i m a l

W a- t e r .  I n  f i g .  6  t h ec n - h ^ c e  ?/'— £ r  ^ \  ^

5,

« l » l S 6 ,  * " = ■  / (  i ~ )  f o r
a  i f a t e r  i s  s h o w n .  T h e  

V V e i  ^  f o r  i t  i s  o b -
t  i s  i  ^ ° G » A s  t h e  t e m p e r a 
t e  t i e r e d  t o  - 3 0 ° G  a n d  
W  &  a b o u t  7 4 ° C ,  t h e  v a -

a tUp i n c r e a s e s .  B u t  a t  t h e
^ o above 74-°C ( at 
ieoVlerlc pressure) the

^ ^ _ _ t b e C ? e a s o s .  I n  t h e  f i r s t  
i n c r e a s e  o f  t h e  v a l u -h isPOh" axpi

V , ° fxq ained by crystalliza-
is duo ft*, in the secound 

_ t o  the reduction of
i i h t h e  increase of wa- 
Sh in x^sihility in heating 

ihe third case the
wi t h  M e n t i o n e d  i s  a s s o c i a -  

g n e a t e r  h e t e r o g e n e i t y

of water because of the forma
tion of a considerable amount 
of small vapour bubbles the 
velocity of which is lower 
than that in the liquid phase. 
Consider the effect of various 
substances dissolved in water 
on its acoustic properties. In 
Fig. 7 »  8, 9 the dependence 
■fcfifrj respectively for salts, 
sugars and acids. ( 1-NaCl, 2 - 
-KOI, 3-CaClo, ^-sucrose, 5- 
-glucose, 6-Iactic acid, 7- 
-arginine, 8-histidine, 9-lysi
ne, 10-threonine) dissolved in 
bidistilled water is shown. As 
concentrations of the substan
ces increase, the values of ^  

increase and those of JS - 
decrease. Different dynamics 
of these parameters for one- 
-electron and two-electron 
ions is accounted for by dif
ferent amounts of solvate 
layers in the solution. In or
ganic compounds the link with 
solvent molecules is due to 
the availability of functional 

groups•
As concentrations of solutions 
increase, their acoustic para
meters tend to some constant 
values which is due to the sa
turation of functional groups 
with molecules of the solvent. 
Let us consider the acoustic 
properties of muscle tissue 
depending on different factors: 
frequency, temperature and re
lative strain. At high freque
ncy in meat is close to the 
velocity of elastic wave pro
pagation in water (it'x 1580 
m/s) and thus V' is determined 
mainly by the properties of 
dispersion medium? i.e., water 
with substances dissolved in 
it. Frequency decreasing, the 
velocity decreases, too.(Fig. 
10, ). This is probably as
sociated with the decrease of 
the dynamic modulus of elasti
city of muscle tissue at low- 
frequencies. The lower value 
of the modulus of elasticity 
may be explained by its cha
racterizing a system of low
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Fig. 1 - 4 Fig. 5 - 8
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Fig. 1 - 1 2  The results of 
studying acoustic properties 
of meat, meat products and 
their components

c

l

Fi8* 9 - 1 2

Fig. 13 The view of a porta
ble acoustic device used for 
studying changes in meat, 
meat products and estimating 
their quality

dynamic elasticity. Such a 
system may be only a skeleton 
of muscle tissue and low fre
quency sound defines its she
ar properties. For the sample 
made of gelatine the charac
ter of the function 7?=f(/9 

is similar (Fig. 10).
The character of the function 
7/- or t for animal tissue re
sembles t) for water.
The main destinations consist 
in subcooling of meat by low 
temperature effect and the 
lower value of V' for animal 
tissue in a frozen state than
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that for ice. This is accoun
ted for by a lower value of 
the dynamic modulus of muscle 
tissue elasticity (due to the 
presence of highly molecular 
elastic chain structures) at 
low temperature compared with 
the modulus for ice. In the 
process of strain the value of 
V' for meat at low frequency 

lowers monotonously while at 
high frequency it changes sli
ghtly in the beginning and 
then lowers abruptly. It may 
be explained by displacement 
of water, compression and de
struction of tissue and the 
influence of these processes 
on the character of elastic 
wave propagation in the samp
l e .  As changes from 0 to 0.8 
the compression of the struc
ture and the decrease of the 
mobility of its fragments occ
urs which results in increa
sing o/ • Mechanical action 
influences ??' for meat produ
cts before and after heat tre
atment in water in different 
ways. For instance, it is cha
racteristic for cooked sausa
ge that increases as £  
does (Fig. 12) while after 
heat treatment (3 0 0 s) the va
lue of V' reduces first and th
en increases, (the character 
of the dependence for sausa
ges is similar). It is associ
ated with physichemical chang
es occuring in foodstuffs tre
ated thermally and with speci
fic features of elastic wave 
propagation in strain and me
chanical destruction of samp
les.The analysis of the results 
obtained in the study concern
ed with establishing the rela
tionship between acoustic cha
racteristics of gaseous, liq
uid and solid phases of tissue 
as well as between sound velo
city in a muscle and its the
rmophysical parameters allo
wed to propose the relation
ships given below in a gene
ral form.

J
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8 =
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where: glle
2A- sound velocity (m ) and its aggregate 1 f V  
ses (1, 2, 3); 
refer to solid, l i ^ ^ uCt; 1 
seous phases of a Pr0 
pectively; . .
<3 - is Poissonis rati 
p  - density; _ £ & *
¿0 - volume fractions
se;c - specific heat;y? - heat conductivity»

622



if" Q,^eMature diffusivity;
°Utj of water frozen
St?’ h 11. P. S, U, W  -  oo-considering the eff-theo f  ” i i e  P a r t i c u l a r  s  t r u e  t u  
, S i  * 3 c l e  t i s s u e  a n d  i t s  

C 0 m P o s i t u m  o n  t h e  
^ te3?s;
hoipCOns’bant;

t SsU e  e c u l a 3? m a s s  o f  m u s c l e  
ö ^ e c . a s  a  ^ ^ ^ u r e  o f  s u b s -
7» Q e b a v ^

"  ^ e s m l s  t e m p e r a t u r e ;'^Perature of a sample
J’h

^ U s f j^ 't ig a t io n s  showed th a t  
(u6i  fv,° P aram eters  can he
¿ V h e S UdyinS changes in )v̂ Oa~ products and their 
»3 fni'?s depending on diffe- 
k ̂ lil 0rs influencing them 
st-f̂ oph?8.for estimating 
¡¿ufy Wa lcal Parameters. The W^Of as Carried out by me-

l a b o r a t o r y  i n s -  
C ^ c h 1 1 *  l a c k  o f  s e r i a l  

b e 0 1 1  o f  d e v i c e s  w h i c hconvenient for sty-
6(3. -ny meat products.''ft ~ -P mo —.necessity of ma-

^  Paou^ice applicable at a
TI?is r rt-h Ug, Yfpic device is shown 

®V^dy Tlle device allows
p r o p a g a t i o n  o f  

%  t o  « J ^ T 3 3  i n  a n i m a l  t i s s u e  
C  t b e  a t i m a t e  t h e  v e l o c i t y  
v ! s f  d e s o r p t i o n  o f  e l a s t i c  

s a m p l e  a s  w e l l  a s  
> C  h  t h e  e q u a l i t y  o f  

o f  D l e a i : p r o d u c t s  b y

a i "

V  Ds i q h s
Cst>y ^Jt Of 801116 particular fea- 

Acoustic properties 
S h  QomiIeat; Products and
i V r c 0 S i ^ e n t s  *  X t  i s  s h o w ns Properties of
Nty * iS!Ue depend on fre- 
S!8» t S tensit;y elastic \ n stra?PePature and rela- 

'tiie samples aile acoustic parame

ters of water are influenced 
by the intensity of sound and 
temperature. The sound veloci
ty and the compressibility of 
aqueous salt, sugar and acid 
solutions depend upon the 
concentration of the substan
ces. Relationships given in a 
general form and characteri
zing the relation between con
ductivity coefficients, ther
mal capacity and thermal con
ductivity, the amount of water 
frozen out and the sound velo
city in animal tissue as well 
as the relation of sound ve
locity in muscle tissue and 
the properties of its gaseous, 
liquid and solid phases are 
presented here. A portable 
acoustic device allowing to 
study changes in meat and 
meat products in their proces
sing and to estimate their qu
ality has been made.
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