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Anisotropy and postmortem  changes in the dielectric properties of Semitendinosus muscle
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Abstract -  A polarimetric microwave device is described in this paper. In meat processing, ageing poses storage problems and information
needed to optimize this ageing period. Our microwave device is based on the decay of the anisotropy of dielectric properties of meat 
present our first measurements on meat which are encouraging.
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IN T R O D U C T IO N

A  p o la r im e tr ic  m ic ro w a v e  d e v ic e  w a s  d e v e lo p e d  to  a n a ly z e  th e  an iso tro p ic  d ie le c tr ic  p ro p e rtie s  o f  m ea t. A c c u ra te  m e a su re m e n ts  o f  th is  an iso tro p y  
in te re s tin g  to  b e tte r  u n d e rs ta n d  m u sc le  m a te ria l, a s  w e ll as fo r  p ra c tic a l a p p lic a tio n s . In  th is  p a p e r , w e  p re se n t a  m e th o d  to  fo llo w  postm odv  
s tru c tu ra l d e g rad a tio n  o f  m u sc le s .
M e a t is  a  v e ry  h ig h  a n iso tro p ic  d ie le c tr ic  m a te ria l b e c a u se  o f  i ts  g e o m e tric  o rg a n iz a tio n  a n d  th e  n a tu re  o f  i ts  c o m p o n e n ts  (m u sc le , myofibf£i" ofm y o fib rils , s a rc o m e re s  a n d  p ro te in  f ila m en ts )  w h ic h  a re  lo n g  an d  m o re  o r  le s s  p a ra lle l (e sp e c ia l ly  in  m. Semitendinosus) fo rm in g  "bund les 
c o n ju n c tiv e  tis su e  a n d  m y o fib e rs  w h ic h  h a v e  v e ry  d if fe re n t  d ie le c tr ic  p ro p e rtie s  [1].
D u rin g  rigor a n d  m a tu ra tio n , s tru c tu ra l d a m a g es  a p p e a r  [2 ], [3 ], [4] th a t s h o u ld  p ro d u c e  a  d e c re a se  in  th e  d ie le c tr ic  a n iso tro p y . A  s e n so r  a b le  to  foil0* 
th is  d e c re a se  c o u ld  b e  a  to o l fo r  th e  o p tim iz a tio n  o f  th e  d u ra tio n  o f  m e a t ag e in g .
T h is  p a p e r  p re se n ts  tw o  ty p es  o f  a cc u ra te  m e a su re m e n t o f  d ie le c tr ic  a n iso tro p y .

2  P R IN C IP L E  O F  M E A S U R E M E N T  

2 .1 . P o la r im e tr ic  m e th o d

T h e  p rin c ip le  o f  th e  p o la r im e tr ic  m e th o d  c o n s is ts  [5] o f  th e  m ea su re m e n t o f  v a r ia tio n s  o f  in te rac tio n  b e tw ee n  an  e le c tro m a g n e tic  w a v e  and ** 
a n iso tro p ic  m a te ria l w h e n  th e  a n g le  theta  (0 ) b e tw e e n  th e  e le c tr ic  f ie ld  E an d  th e  a x is  o f  th e  m a te ria l v a r ie s , as sh o w n  in  f ig u re  1. A  rec tan g 1̂  
w a v e g u id e  lin e a rly  p o la r ise s  m ic ro w a v e  a s  n e e d e d  in  th is  m e th o d .

F ig u re  3: R e fle c tio n  p o la r im e tr ic  m ea su re m e n t, a: a m p litu d e  o n ly , 
b: p o la r iz a tio n  s ta te  m e a su re m e n t

W h en  a  l in e a rly  p o la r iz e d  w a v e  is  re fle c te d  o n  an anisotrop1
m a te ria l, th e  re f le c te d  w av e  is  n o  m o re  lin e a r, b u t ellip
(fig u re  2 ). E ll ip tic ity  (a /b )  an d  ro ta tio n  (oc) d e p e n d  on Ï

a n iso tro p ic  m a te ria l. In  an  a n iso tro p ic  m a te ria l, d ielec11* 
p e rm ittiv ity  (e ) is  d if fe re n t a cc o rd in g  to  th e  d irec tio n  (theta) 1 
w h ich  th e  e le c tr ic  f ie ld  Ë  "sees" th e  m a te ria l. T h e  in te n s ity  ot,' 
lin e a rly  p o la r ise d  w a v e  a f te r  p a ss in g  th ro u g h  an  anisotrop 
m a te ria l is  g iv en  by :

F o r  each  a n g u la r  p o s itio n  theta b e tw een  Ê an d  sa m p le  fibf£', 
tw o  k in d s  o f  m e a su re m e n ts  c o u ld  b e  d o n e  (f ig u re  3) : simP, 
m ea su re m e n t o f  re fle c te d  w a v e  a m p litu d e  in  th e  d irec tio n  of ^  
o r  3 a m p litu d e  m e a su re m e n ts  in  o rd e r  to  o b ta in  in fo rm atio n  
e ll ip tic ity  an d  ro ta tio n  o f  the  re fle c te d  w ave .

2 .2 . M a te r ia ls

T h is  s tu d y  in v o lv e s  th re e  sa m p le  o f  m. Semitendi'w ® , 
M e a su rem e n ts  w e re  m ad e  on  m u sc le s  fro m  3 to  6  ^  
postmortem. In  a ll c a s e s , a  c u t w as  d o n e  o n  th e  m id d le  o f > 
m u sc le  in  a  p la n e  p a ra lle l to  fib re  o r ien ta tio n . T h is  fa ce  w as U 
a s th e  re fle c tio n  p lan e  a n d  th e  a c tiv e  a rea  w a s  d e lim ite d  b y  3 ... 
p la te  o f  m ic ro w a v e  a b so rb e r  w ith  a  c irc u la r  w in d o w  o f  d iam 6 
9 0  o r  100  m m . S a m p le s  w e re  p lac ed  on  a  100  p m  th ick  
f ilm  w h ich  c an  b e  seen  a s a  tra n s p a re n t m a te ria l for 
m ic ro w a v e . ^
It w as n e c e ss a ry  to  l im it tem p e ra tu re  v a ria tio n s  o f  th e  sam p1 . 
A c q u is itio n s  w e re  m ad e  w ith  sa m p le s  a t 4 °C , an d  'v' , 
su ff ic ie n tly  fa s t to  a v o id  m ea su re m e n t d r if t  d u e  to  tem p e r3 
c h an g es .
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R E S U L T S  A N D  D IS C U S S IO N

0r each  m. Semitendinosus sa m p le , m ea su re m e n ts  w e re  m a d e  fo r  a n g u la r  p o s itio n  fro m  0  to  3 6 0 °  b e tw ee n  m e a t f ib re s  a n d  e le c tr ic  f ie ld . F ig u re s  4  to  6  
Present th e  re fle c te d  w a v e  p o w e r  v e rsu s  theta an g le . T h is  c u rv e s  h a v e  b een  o b ta in e d  th a n k s  to  th e  10 G H z  d e v ic e  p re se n te d  in  f ig u re  3 .a.. In  b o th  

|  stodies re fle c te d  p o w e r  w a s  a t a  m ax im u m  w h en  m u sc le  f ib re s  w e re  p a ra lle l to  E . F ig u re  4  w a s  o b ta in e d  w ith  a  m u sc le  a t 6  d a y s  postmortem, a n d  the  
act|v e  a re a  h a d  a  9 0  m m  d iam e te r . F ig u re s  5 a n d  6  w e re  o b ta in e d  w ith  an o th e r  m. Semitendinosus, a t 3 a n d  4  d a y s  postmortem, re sp e c tiv e ly , w ith  an 

, ji actlVe a rea  o f  100 m m  d iam e te r.
Prrf (a.u.) Prtf (a.u.)
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^ 'g u re  4 : R e f le c te d  w a v e  a m p litu d e  o f  S T F ig . 5: R e f le c te d  w a v e  a m p litu d e  o f  S T  F ig u re  6: R e fle c te d  w a v e  a m p litu d e  o f  S T

■ *. n b  1 n b  2  n b  2 , se c o n d  c o n fig u ra tio n
l  ese th re e  f irs t  re su lts  sh o w  so m e  im p o r ta n t  in fo rm a tio n  :

O ur m e th o d  g iv e s  th e  f ib re s  d irec tio n . In  f ig u re s  5  a n d  6 , th e re  is  a  sh if t  b e tw ee n  th e  v isu a l d irec tio n  an d  th e  m e a su re d  d irec tio n . T h is  c an  be  
^ ex p la in ed  b y  th e  p e n e tra tio n  d e p th  o f  th e  m ic ro w a v e  (a  fe w  m illim e te rs  in  b io lo g ic a l t is su e s  a t 10  G H z). 
t  A n iso tro p y  is  v e ry  w e a k  (a b o u t 3 % ).

^ h e  ra tio  s ig n a l/n o ise  is  n o t  en o u g h  to  m ea su re  w e a k  v a ria tio n s  o f  d ie le c tr ic  a n is o tro p y  d u r in g  a g e in g . T h is  ra tio  m u s t b e  im p ro v e d  b y  c h a n g in g  
dev ice.
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F ig u re  7: R o ta tio n  w a v e  a m p litu d e  fo r  S T n b  3

p '^Ure 7 sh o w s  th e  ro ta tio n  o f  re f le c te d  w a v e  v e rsu s  th e  a n g u la r  
(jeSlt'° n  theta. T h ese  re su lts  h a v e  b e en  o b ta in e d  w ith  th e  3 0  G H z  
S 1Ce p re se n te d  in  f ig u re  3 .b .. T h e  s tu d ied  m u s c le  w a s  m. 
y ^ ttendinosus a t  3 d a y s  postmortem, a n d  th e  a c tiv e  a re a  w as a  

n u n  d ia m e te r  d isk . R o ta tio n  w a s  a t a  m in im u m  w h en  f ib re s  w e re
g jU e lto i .
p *  « s u i t  is  in  g o o d  a g re e m e n t w ith  f ig u re s  4  to  6  : ro ta tio n  o f  th e  
R a t i o n  d irec tio n  in d u c e  a  d e c re a s e  o f  a m p litu d e  w a v e  in  th e  
aC(,^ en t d irec tio n . T h is  k in d  o f  m e a su re m e n t s e e m e d  to  b e  m o re  

ra te  th an  a  s im p le  a m p litu d e  m ea su re m e n t.

4  C O N C L U S IO N

A  m ic ro w a v e  p o la r im e tr ic  m e th o d  is  d e sc r ib e d . T h is  n o n -in v as iv e  
m e th o d  is  u se d  to  o b ta in  in fo rm a tio n  a b o u t th e  d e c a y  o f  th e  d ie lec tric  
a n is o tro p y  o f  m e a t w ith  an  a im  to  o p tim iz e  a g e in g  d u ra tio n .
T h e s e  f irs t  m e a su re m e n ts  w e re  d o n e  o n  m. Semitendinosus a t  3 to  6  
d a y s  postmortem. A m p litu d e  a n d  ro ta tio n  w a v e  m e a su re m e n ts  v e rsu s  
a n g u la r  p o s itio n , theta, b e tw ee n  m u sc le  f ib e rs  a n d  e le c tr ic  f ie ld  a re  b o th  
en co u ra g in g .
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