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I n t r o d u c t i o n
(Ve°

The t r a d i t i o n a l  m e th o d s  o f  i n v e s t i g a t i o n s  -  p h y s i c o - c h e m i c a l  and  b iochem  ^  
i n s u f f i c i e n t  i n  s o l v i n g  many e s s e n t i a l  q u e s t i o n s ,  r e g a r d i n g  t h e  p r e p a r a t i o n  
q u a l i t y  o f  m e a t  p r o d u c t s .  The a p p l i c a t i o n  and  th e  d e v e lo p m e n t  o f  m odern ffliCgar # ° e. 
c t u r a l  m e thods  i n  s t u d y i n g  th e  m ea t  and m ea t  p r o d u c t s  b r o u g h t  a b o u t  th e  
o f  a  new d i r e c t i o n  i n  m e a t  s c i e n c e - T h i s  new d i r e c t i o n  became p o p u l a r  a s  ®efl“‘c a u  B u i B u u e . i m a  new a i r e c n o n  oecarae p o p u l a r  a» v,iSv  
s t r u c t u r e  and  i n  t h e  l a s t  d e c a d e ,  s e p a r a t e d  f ro m  n o rm a l  h i s t o l o g y  and  p a th 0 0,j 
Cohen e t  a l . ( 1 9 b l )  u n d e r l i n e d  t h a t  t h e  s o l u t i o n  o f  p r e s e n t  day  p ro b le m s  i n  9p] 
i u s t r y  r e q u i r e s  i n c r e a s i n g l y  s o p h i s t i c a t e d  t o o l s  and  a p p r o a c h e s .  Such mod® ^  qP 
a c h e s  i n c l u d e  m i c r o s c o p i c  e x a m i n a t i o n  o f  f o o d s  and i n g r e d i e n t s  and e f f ° r t 3

i*»'

s t a n d  t h e  f a c t o r s  w h ich  l e a d  to  t h e  m i c r o s t r u c t u r e s  o b s e r v e d .  +g i® ^
Lewis ( 1 9 6 1 ) p o i n t e d  o u t  t h a t  w a t e r  and f a t  b i n d i n g  i n  m e a t  and  m ea t  p rod«0 0e ^ '  
com plex  s u b j e c t  and t h e r e  a r e  many m echan ism s * h ic h  may o p e r a t e .  M o s t ly  ee 
l io m s  a r e  s t r u c t u r a l  t h a n  c h e m ic a l  and t h e  key  t o  t h e i r  u n d e r s t a n d i n g  ih ^ °  cqpi® 
use of a l l  t y p e s  o f  m ic r o s c o p y .  A q u i t e  c l o s e  l i a i s o n  e x i s t s  b e tw e e n  raich00oI-y 0̂ 
and m ea t  t e c h n o l o g i s t s  8nd i t  h a s  b e e n  p o s s i b l e  t o  t u r n  t h e  m e c h a n i s t i c  ^ 0 
p r a c t i c a l  u s e  i n  p r o d u c in g  s t a b l e  m eat p r o d u c t s .



Cas;
Pfoce113-6^ a l* ( 1 9 8 4 )  s t a t e d  t h a t  i n  m o r p h o lo g ic a l  s tu d y  o f  th e  e f f e c t  o f  v a r io u s  
U 2a t^S ing P ro c e d u re s  on m ea t two a r e a s  d e s e rv e  com en t. 'fhe f i r s t  i s  co rn p a rtm en ta - 
&nd l 0°n ’ S t r u c t u r a l  s t u d i e s  r e v e a l  w here com ponen ts ( s u c h  a s  f a t )  a r e  c o n c e n t r a te ^  

ca te d .T h e  se c o n d  a r e a  o f  i n t e r e s t  i s  i n t e r f a c e s  i n  w h ich  p o la r  and n o n - p o la r  
Cotls lu " 3 re  a l t £ n e d . . I t  i s  e s s e n t i a l  to  be known t h a t  th e  a u th o r s  p o in te d  o u t  i n
4»\
CeSSggê to  a  c l o s e .  The m ost l i k e l y  o p p o r t u n i t i e s  l i e  i n  r e g u l a t i n g  b i o l o g i c a l  p ro- 
fop ^ 10 p ro d u c e  custom -m ade m e a t,  i n  d e v i s in g  m o r p h o lo g ic a l  c o n t r o l  p r o c e d u re s
^iuro*134act u r i n g  p r o c e s s e s  and i n  u t i l i z i n g  th e  now a v a i l a b l e  im m u n o lo g ic a l p ro —

®l<* o s t  I9 b 4 )  i n  c o n c lu s io n  o f  a  r e v ie w  p a p e r  on  p r o c e s s in g  e f f e c t  on  m eat p r o d u c t  
^ P l i c  s t a t e d  t h a t  s p e c i e s  o f  m e a t,  p r o d u c t  p ro d u c e d , d e g re e  o f  com m inu tio ii,
^ d u c - t ° n  ° f  m e c lla n ic a l  e n e r g y ,  c o m p o s i t io n  d e s i r e d ,  and  th e rm a l  t r e a tm e n t  o f  th e  
83tPeri ^ f e c t  b a s i c  p r o p e r t i e s  o f  raw  and  f i n i s h e d  m a te r i a l .W e l l  d e s ig n e d  f a c t o r i a l .

m enta s h o u ld  be u t i l i z e d  to  d e te rm in e  b a s i c  e f f e c t  a s  w e l l  a s  i n t e r a c t i o n .  
ffb le r e s e a r c h  t o o l s  s h o u ld  be u s e d  to  d e te rm in e  w hich  t r e a tm e n t  e f f e c t s  a r e  compa
s s e d '711*  in d u s t r i a l  p r o d u c t io n  p r a c t i c e s . B a s i c  r e s e a r c h  on  th e  com ponen ts o f  p ro -

!1<m t h a t  th e  e r a  o f  d e s c r ip t i o n ,  w i th o u t  u t i l i z a t i o n  o f  th e  in f o r m a t io n  i s

il>(>duc+mea^ p ro d u c 'fcs i s  u s e f u l  to  p ro d u c e  b ac k g ro u n d  m a t e r i a l  f o r  a p p l i c a t i o n  i n  
f so t 1 e s t i n g . I n t e g r a t i o n  o f  m odem  r e s e a r c h  t o o l s  to  d e te rm in e  w h ich  f a c t o r s  

avis n®®a t  p r o d u c t  p r o p e r t i e s  sh o u d  be a  c o n t in u in g  e f f o r t  o f  r e s e a r c h e r s .
0i t h e ^ 4 G ordon  ( I9 b 2 )  u n d e r l i n e d  t h a t  s t u d i e s  o f  fo o d  m i c r o s t r u c t r u e ,  r e g a r d l e s s  
0l)6s oj. . ype sy s te m  b e in g  s t u d i e d ,  a r e  n o t  e n t i t i e s  u n to  th e m s e lv e s  b u t  a r e  p o r t i 1 
S  o f1f OM at i o n  n e e d e d  i n  on i n t e g r a t i o n  "bi d a t a  l e a d in g  to  a  f u l l e r  u n d e r s ta n 
d s  Q, . th e  t o t a l  s y s te m .
^B i8 ^e c t i v e  o f  t h i s  p a p e r  i s  to  a n a ly s e  th e  p o s s i b i l i t i e s  o f  m ic ro  s t r u c t u r a l  ana- 
°eBseaas a  p r a c t i c a l  t o o l  i n  th e  a s s e s s m e n t  and d i r e c t i n g  o f  th e  t e c h n o lo g i c a l  p ro- 
6PUipm’ th e  im provem en t o f  e x i s t i n g  and th e  e l a b o r a t i o n  o f  new m eat p r o d u c ts  and 
^ U c - t  3113 10:1 th e  v e t e r i n a r y - s a n i t a r y  and  t e c h n o lo g i c a l  c o n t r o l  o f  m eat and m e a t 1 

®tie r e v ie w  o f  l i t e r a t u r e  i s  s e l e c t i v e  to  p r e v e n t  e x c e s s iv e  le n g th .H e c o m - 
■‘■Ohs a r e  p r e s e n te d  f o r  f u t u r e  w ork .

im por t a n c e ,  p la c e  and r o l e  o f  m i c r o s t r u c t u r a l  a n a l y s i s  i n  s tu d y in g  
► m ea t and m eat p r o d u c ts

S® Seh s o ^ , raea t and m eat P r o d u c ts ,  p h y s ic o - c h e m ic a l ,  b io c h e m ic a l ,  m i c r o b i o l o g i c a l ,  
C  S uf5  m e th o d s  o f  i n v e s t i g a t i o n s  h av e  fo u n d  Wide a p p l i c a t i o n .B u t  a l l  o f  them 
ojĈ hoi0p.. r c i e n t  f o r  th e  th o ro u g h  s tu d y  o f  th e  ch a n g e s  i n  m eat r e s u l t i n g  from

n a l  p ro c e E ,s in g ‘M ic ro s t r u c t u r a l  a n a l y s i s  i s  in v a lu a b l e  i n  th e  im provem en t 
W  l e Sg P ro c e s s in g .  C h em ica l m ethods a r e  u s e d  v e ry  o f t e n  to  d e te rm in e  th e  u l t i m a t e ,  

tS n  thS  in t e r m e d ia t e  p r o d u c ts  o f  th e  c o n v e r s io n  o f  in d iv id u a l ,  m eat compo 
if6*1 ^ S s t r f  m ethoda a r e  b a s e d  i n v e s t i g a t i o n s  o f  hom ogen ized  sa m p le s  w h ich  have  

tlle s a^ UCted by  t h e i r  P r e p a r a t i o n .  I t  sh o u ld  be m e n tio n e d  t h a t  th e  d e s t r u c t i o n  
n ^ a l  m +v6S r e s u l t s  i n  s i g n i f i c a n t  ch a n g e s  i n  th e  s tu d i e d  m a t e r i a l .  By ra ic ro b io -  
O 8 ahde +w°dS ° f  i n v e s t i g a t i o n s  we c a n  o n ly  e s t a b l i s h  th e  c o u n ts  o f  th e  m io ro o rg a r  

,, n e i r  s p e c i e s ,  b u t  n o t  th e  ch a n g e s  r e s u l t i n g  u n d e r  th e  a c t i o n  o f  t h e i r  
O  p roa^®^s ° r i a l  m e th o d s a l lo w  u s  to  g e t  o n ly  an  o v e r a l l  e v a l u a t i o n  o f  m eat and 
n6 Pro ° . Q u a l i ty  w i th o u t  d i s c o v e r in g  th e  m echanism s w hich  a r e  d e te r m in in g

apd P e r t i e s . I n  t h i  s  r e s p e c t  th e  a p p l i c a t i o n  o f  m i c r o s t r u c t u r a l  a n a l y s i s  i n  
O  0P p o rtE t P r0 d u c ts  s t u d i e s  P la y s  v e r y  im p o r ta n t  r o l e .  The m ic ro s c o p ic a l .  m ethoda 

s ary  t p n i t i e s  t 0  make th e  i n v e s t i g a t i o n s  on an  u n d e s t r u c te d  s u b s t r a t e ,  when 
■Ofies a r - o^0ln th e  s u r f a c e  to  th e  i n s i d e ,  M o reo v e r e v e n  th e  m o st i n s i g n i f i c a n t

wi t h  1,S in ?  i n  m ea t a r e  d e t e c t e d  c o n s id e r a b ly  e a r l i e r  w ith  m ic r o s c o p ic  a n a ly s i s  
the P n y s ic o - c h e m ic a l  a n a l y s i s .F o r  ex a m p le , th e  m i c r o s t r u c t u r a l  ch a n g es  o ccu rrin g  

P u t r e f a c t i v e  m ic ro o ra g a n is m s  ( p y c n o s is  and d e c r e a s in g  th e  s t a i n - '  
i>l "d-th y 01 1:116 n u c l e u s )  a r e  d e t e c t e d  3 -4  d ay s  e a r l i e r  w ith  h i s t o l o g i c a l  m ethods 
C Udn n  y s i c ° - ° h e ra ic a l  m e th o d s o f  i n v e s t i g a t i o n s  ( S k a l i n s k i  and B e lo u so v , I 9 7 b ) .
^  y a re e  m eat m eat p r o d u c ts  th e  m a in  th in g  s h o u ld  be ta k e n  i n t o  a c c o u n t :  t h a t ; 
V ^ r y  a s im p le  c o m b in a t io n s  o f  d i f f e r e n t  s u b s t a n c e s -  f a t ,  p t o t e i n ,  w a te r ,b u t  
V ,qM i t e P a r a te  c a s e  a c a n p le x  s t r u c t u r e .  The l a t t e r  d e te r m in e s  th e  p r o p e r t i e s  and 

^ t e r g  o f  th e  raea t P ro d u c ts  w h ich  d i f f e r  fro m  e a c h  o t h e r  a c c o r d in g  to  t h e i r  
and t h e i r  e v a l u a t i o n  i s  u n th in k a b le  w i th o u t  c o n d u c t in g  m i c r o s t r u c t u r a l



a n a l y s i s .M i c r o s t r u c t u r a l  a n a l y s i s  i s  now adays th e  o n ly  a v a i l a b l e  m ethod  f o r  |
m in in g  th e  com ponen ts o f  s a u s a g e  m ea t an d  t h e i r  l o c a t i o n  and  r e l a t i o n s h i p .  Very r0. 
v a lu a b le  i n f o r m a t i o n  c a n  be o b ta in e d  i n  th e  a s s e s s m e n t  o f  th e  q u a l i t y  o f  w ater-P 
t e i n - f a t  e m u ls io n s  w h ich  a r e  u s e d  i n  th e  p r o d u c t io n  o f  s a u s a g e s  and  p a s te  s .  
R e c o g n iz in g  th e  p e c u l i a r i t i e s  o f  th e  s tu d i e d  o b j e c t  -  m eat d u r in g  d i f f e r e n t  t eC & 
l o g i c a l  t r e a t m e n t s ,  s a u s a g e s ,  h a m s ,p a s te  s  e t c . ,  th e  s p e c i f i c i t y  o f  th e  s e l e c t 3-0.^ 
and  i n v e s t i g a t i o n  o f  th e  m a t e r i a l s ,  i t  s h o u ld  be m e n tio n e d  t h a t  a  new d ir e c t!« 331 
m o r p h o lo g ic a l  i n v e s t i g a t i o n s  was fo rm e d . I t  i s  s p e c i f i c  and  d i f f e r s  g r e a t l y  f f0 t 
n o rm a l h i s t o l o g y  and  p a t h o h i s to l o g y .  T h a t i s  why i t  c a n  be s a i d  c o n v in c in g ly  th*cB 
i n  th e  l a s t  d ec ad e  a  new s c ie n c e  i n  m ea t i n v e s t i g a t i o n s  h a s  a p p e a r e d .  T h is  s cie 
i n d i c a t e d  a s  m eat m ic r o s t r u c t u r e  i s  g e t t i n g  e v e ry  y e a r  g r e a t e r  and  g r e a t e r  r eC°® 
t i o n  a l l  o v e r  th e  w o r ld . p>
I t  s h o u ld  be p o in te d  o u t  t h a t  some m i c r o s t r u c t u r a l  m e th o d s a r e  u s e d  s u c c s s e f ^  
th e  p r a c t i c a l  w ork o f  th e  p r o d u c t i o n  l a b o r a t o r i e s  i n  m ea t p l a n t s .  I n  b ig  meaf  ̂̂  
i n  th e  USSR, t h e r e  a r e  h i s t o l o g i c a l  l a b o r a t o r i e s  c r e a t e d  w here m ic r o s t r u c tu r a l   ̂
l y s i s  p la y s  a  g r e a t  r o l e  i n  th e  v e t e r i n a r y —s a n i t a r y  and t e c h n o l o g i c a l  c o n t r o l  0 
m eat and  m eat p r o d u c t s .

lit*®1.

P o t e n t i a l  o f  m i c r o s t r u c t u r a l  a n a l y s i s  i n  d ev e lo p m e n t o f  m ea t s c ie n c e  

M i c r o s t r u c t u r a l  a n a l y s i s  a l lo w s  t o :
— s tu d y  th e  q u a l i t y  o f  raw  m a t e r i a l  a s  th e  b a s i s  o f  th e  f o r m a t io n  o f  th e  i n i x ^

p r o p e r t i e s  o f  m ea t ( f e e d in g ,  m a n ag in g , t r a n s p o r t a t i o n ,  l a i r a g e  o f  a n im a ls . c 
s i t i o n  and s t r u c t u r e  o f  th e  i n d i v i d u a l  m u sc le s  e t c . ) ;  m

— s tu d y  th e  microstructural c h a n g e s  of m eat upon  s l a u g h t e r i n g ,  refrigeration
p r o c e s s in g .  „1

On th e  b a s i s  o f  th e  know ledge re v e a le d  by  m i c r o s t r u c t u r a l  a n a l y s i s  m ic r o s t r ^ 0 
c r i t e r i a  w ere d e v e lo p e d , w h ich  c h a r a c t e r i z e  t e c h n o lo g i c a l  p r o c e s s e s «  These 
s t r u c t u r a l  c r i t e r i a  a l lo w  to  e f f e c t s  c6e&
a )  v e t e r i n a r y  - s a n i t a r y  c o n t r o l  o f  th e  q u a l i t y  o f  raw  m a t e r i a l s  (m e a t)  and

o'CiW*
m eat and  m eat p r o d u c ts  ( d y s t r o p h i a ; c o n d i t i o n  o f  a n im a ls  i n  The moment o f  s ^a 
h e a l th y ,u n d e r g o in g  f o r c e d  o r  c a s u a l t y  s l a u g h t e r ;  a s s e s s m e n t  o f  th e  f r e s h n e s s  
m e a t,h am s and 3 a u 3 a g e s ) .  0i  oi'
b) t e c h n o l o g i c a l  c o n t r o l : ( q u a l i t y  o f  f r e s h  m eat P8E,DFD; in f lu e n c e  o f  th e   ̂
s t u n n i n g - m e c h a n i c a l , e l e c t r i c a l ;  e l e c t r i c a l  s t i m u l a t i o n ;  e x t e n t  o f  m eat a g e i31̂  
q u a l i t y  o f  r e f r i g e r a t i o n - c o l d  s h o r t e n i n g  o f  m u sc le ; in f lu e n c e  o f  r e f r i g s r a ^ g i  
th e  s to r a g e  o f  r e f r i g e r a t e d  m e a t; i n f lu e n c e  o f  c u r in g ;  d e g re e  o f  th e  m echan1 ^  
t r e a tm e n t  o f  m e a t;  d e g re e  o f  th e  com m inu tion  o f  m e a t; c o m p o s i t io n  o f  th e  r a î 
r i a l  f o r  s a u s a g e s ;  c h a r a c t e r i s t i c s  o f  h e a t  t r e a tm e n t ;  s t a t e  and s t a b i l i t y  01 
p r o t e i n - f a t  e m u ls io n s  i n  s a u s a g e  p r o d u c ts ) , .
c )  c o n t r o l  o f  a r b i t r a t i o n :  ( f o r c e d  s l a u g h t e r  a n im a l o r  k i l l e d  a n im a l ;  dys*3"01̂ ^ 8 

o r  n o rm a l m e a t; d e g re e  o f  m eat f r e s h n e s s ;  c o m p o s i t io n  o f  s a u s a g e  m ea t and i*®
r a t i o n ;  u t i l i z a t i o n  o f  i n a d m is s ib le  raw  m a t e r i a l s  o r  a d m ix tu re s  i n  sa u o a g e®^“

I n c r e a s i n g  i n t e r e s t  to w a rd s  th e  a p p l i c a t i o n  o f  m i c r o s t r u c t u r a l  
i n v e s t i g a t i o n s  on  m eat and m eat p r o d u c ts

X>e 0
I n  t h i s  r e s p e c t  we w ould l i k e  to  p o i n t  o u t  some im p o r ta n t  f a c t s  w h ich  co u ld  
good i l l u s t r a t i o n  o f  th e  p r o g r e s s  o f  th e  m i c r o s t r u c t u r a l  i n v e s t i g a t i o n s  o f  ‘ 
m eat and m eat p r o d u c ts  i n c lu d e d .  F i r s t  o f  a l l  i t  d e s e r v e s  to  be m ento ined  J0W

iwiv.fr i v. T 0 7  Cl ««n fwtr.Mn ~ ~ J —  ------ -i- —i.-----  ----  l- i-i l 1 .. J ,g in in g  i n  1979 , p ro g ra m s on fo o d  m i c r o s t r u c tu r e  a r e  h e ld  a t  a n n u a l  UcannihS 
M ic ro sc o p y  (SKH) m e e tin g s  (C ohen  e t  a l .  1 9 6 1 ) . F ood M ic ro  s t r u c t u r e  I  <6 5 p ro g rir  ¿.g" - i t 1*
i n  L as Vegas,USA c o n s i s t s  o f  f i v e  s p e c i a l  p ro g ra m s i n c lu d in g  M eat M ic ro s tf110 
The a n n u a l  m e e tin g  i n  L as V egas t h i s  y e a r  h a s  b e e n  v e ry  s u c c e s s f u l .  A g r e 0-'*'
(Vf* fnnfi RO.i PVlti «t.H Vir-Jtre* ’nrooQM + o/i +V.ni n finvi+ -P A /J A  ̂~ ,..»n r-> a

ofl
o f  fo o d  s c i e n t i s t s  h av e  p r e s e n te d  t h e i r  m o st r e c e n t  f i n d i n g s  a s  w e l l  a s  ne1 
a v a r i e t y  o f  s u b j e c t s .  . „¡¡i
I t  i s  i n t e r e s t i n g  to  m e n tio n  t h a t  t h i r t y - s i x  p a p e r s  b a s e d  on 197 9 , I9 6 0  and ^  vV<*S-t 
p ro g ra m s w ere c o l l e c t e d  to  fo rm  a  book  " S tu d ie s  o f  F ood M ic r03 t r u c t u r e "  vvb3-0^ grl1;j8 
p u b lis h e d  i n  1961 by S c a n n in g  E l e c t r o n  M ic r o s c o p y , I n c . I n  t h i s  book  le a d in g  ^  
h av e  d e m o n s tr a te d  t h a t  m i c r o s t r u c t u r a l  s t u d i e s  o f  fo o d  B tu f f s  a r e  in v a lu 0'*’ 
d in g  th e  book  c a r e f u l l y  vie j o i n  i n  th e  n ic e  com ments made on i t .

V



InQ *982 tv,
Cial i z e(i -6 i n t e r n a 'fc ional j o u r n a l  "Rood M ic r o s t r u c tu r e "  was e s t a b l i s h e d .  I t  i s  sp e - 
f 14 th e i r l n  p a p e f 3 d e a l in g  w i th  th e  m i c r o s t r u c t u r e  and  m ic r o a n a l y s i s  o f  f o o d s , f e e d s  
ttle deVel l n Sr e d i e n t s .  The s c ie n c e  r e p o r t e d  i n  f o o d  U i c r o s t r u c t u r e  c o n t r i b u t e s  to  
^  imD, t 0P1ie n t  o f  new m a n u fa c tu r in g  p r o c e s s e s , b e t t e r  u n d e r s ta n d in g  o f  fo o d  p r o d u c ts  
It J ie r i t“ d q u a l i t y o f  f0 0 d  s u p p ly .

eXne t0  men"t io n  th e  u n d e r l i n e d  i n t e r e s t s  to w rd s  c o n d u c t in g  w e l l  d e s ig n e d  f r c t r -
V ery  r e c e n t l y S ch m id t ( I 9 t 4 )  s t a t e d  t h a t  w e l l  d e s ig n e d  f a c t o r i a l  

c ba s i c s h o u ld  pe u t i l i z e d  to  d e te rm in e  b a s i c  e f f e c t s  a s  w e l l  a s  i n t e r a c t i o n s  
a?0lP atiin  r e f e a r Çh t o o l s  s h o u ld  be u se d  to  d e te rm in e  w h ich  t r e a tm e n t  e f f e c t s  a re  
r î V t i o J 3 W lth  i n d u s t r i a l  p r o d u c t io n  p r a c t i c e s .  C a sse n s  e t  a l . ( l 9 8 4 )  d i r e c t e d  o u r  
i ia  ch a r ° +d e V iS in è  m o rp h o l° e i c a l  c o n t r o l  p r o c e d u re s  f o r  m a n u fa c tu r in g  p r o c e s s e s .  
£ £qW a V r i S t i ° 0:f 1:118 d e v e i ° P men'fc o f  m i c r o s t r u c t u r a l  s t u d i e s  i n  th e  USSR and 
n’ A s \  a l r e a d y  w ith  t h e i r  a p p e a ra n c e  th e y  h av e  a n  a p p l i e d - s c i e n c e  d i r e c t i -
!I'a t° I' i e s ehU lt  01 t h a t ’ l n  b lg  m eat Pa c k i^ in g  p l a n t s  i n  th e  USSR, h i s t o l o g i c a l  l a -

to 
te

M
of im p o r ta n t  f a c t  w h ich  we w ould  l i k e  to  u n d e r l i n e  i s  th e  i n c r e a s i n g  i n -  

^ i h r & l  e c h n o lo » is1 :s  to w a rd s  s tu d y in g  th e  t e c h n o lo g i c a l  p r c e s s e s  th ro u g h  m ic ro -  
,e **>-> l n v e 3 t i g a t i o n s .  I n  th e  USSR, t h e r e  i s  no r e s e a r c h  w ork i n  th e  f i e l d  c ” 

°g y  o f  m ea t and  m eat p r o d u c ts  w i th o u t  m i c r o s t r u c t u r a l  i n v e s t i g a t i o n s .

n 8 b e e n  0 r s a n iz e d  and s t a n d a t r s  a r e  e l a b o r a t e d  f o r  th e  a s s e s s m e n t  o f  
10th6j, S Oal P r o c e s s e s  u s in g  m i c r o s t r u c t u r a l  i n d i c e s .

j. C o n s is te n c y  o f  th e  m i c r o s t r u c t u r a l  i n v e s t i a g t i o n s

|fCal  in ° g ^ f ^ c1:u:ral a u a l y s i s  o f  m eat i s  c o n d u c te d  by d i f f e r e n t  m ethods o f  m orpholo- 
6 ^ o h n o i a ®a I'do:ns f ° r  s tu d y in g  th e  c h a n g e s  o f  m u sc le  t i s s u e  w hich  r e s u l t  from  

°®^o a -I- t r e a tm e n t  o f  m e a t. The c h o ic e  o f  th e  m ethod  d ep e n d s  on th e  c h a -  
c0h+*s® We°S> °f  a u s c l e  t i s s u e  s t r u c t u r e  and  th e  o b j e c t i v e  o f  i n v e s t i g a t i o n .  I n  ev e - 
oj v , ® 10uld w i th  m acro  s t r u c t u r a l  a n a l y s i s ,  th e n ,  i f  i t  i s  n e c e s s a r y  to

t i Ss “ i c r o s t r u c t u r a l  a n a l y s i s ,  l i g h t  m ic ro sc o p y  f o r  s tu d y in g  th e  ch a n g e s  
th e r S i n  m eat P r o c e s s in g  and  e l e c t r o n  m ic ro sc o p y  /  TEH and 3EM /  f o r  s t u -  

ch a n g es  o f  c e l l  s t r u c t u r e .  I f  we n ee d  to  s tu d y  th e  ^ r u c t u r s  o f  th e  p ro -

St 1 Mole
ÍQl,Uctdi\~iUXe and  i t s  ch an Se s  d u r in g  m ea t p ro c e s s in g  we have to  r e s o r t  to  ro e n tg e n o -  
U«8 He- f in a ly s i s * *’o r  s tu d y in g  th e  l o c a t i o n ,  d i s t r i b u t i o n  and p e n e t r a t i o n  o f  
t  I’at io n s ea^  d u r in g  m eat p r o c e s s in g  x - r a y s  m ic r o a n a ly s i s  o p en s a  new f i e l d  o f  in v e s  
C  fl,°a  th  m 6at &nd ‘fiea1: p ro d u c 't s * l n  s h o r t ,  th e  i n v e s t i g a t i o n s  sh o u ld  be con d u c
ted r‘le a t 5 silflp le  to  th e  com plex  w ith  th e  p u rp o se  to  e l u c i d a t e  ch a n g e s  i n  m eat 

4 ty  8 P^ ° du c t s .T h e  c o n s i s t e n c y  o f  th e  m i c r o s t r u c t u r a l  a n a l y s i s  i s  w e l l  d e m o n s tra  
U -tinsk i and B e lo u so v  (1 9 7 8 ) .

l,
¿ r ju v e ip ie s  o f  s e l e c t i o n  and i n v e s t i g a t i o n  o f  s tu d i e d  m a t e r i a l s

t ^ I - ih g 8®, ° f  th e  o b j e c t i v e  o f  i n v e s t i g a t i o n ,  th e  s e l e c t i o n  o f  m a t e r i a l  and  i t s
!|va of 1Qu ld  ta k e  i n t o  c o n s i d e r a t i o n  th e  s t r u c t u r a l  and f u n c t i o n a l  c l i a r a c t e r i s -

lata aU sc le  t i s s u e .
Cnttin0+O':<'a i llo d  i n  m odel e x p e r im e n ts  on i n d i v i d u a l  m u sc le  f i b r e s  o r  p ie c e s  o f  

Ho 'vb° le  e n t i r e l y  r e f l e c t  a l l  th e  ch a n g e s  i n  th e  m u sc le  w h ich  i s  a  com ponent o f  
‘'sp8' CarCaSS, s:I de o r  cub dn hi16 c ° u r s e  o f  th e  p r o c e s s  u n d e r  i n d u s t r i a l  c o n d i-

<i^6lhg^d y ia S th e  s t r u c t u r a l  c h a n g e s  i n  m ea t d u r in g  s to r a g e  and  t e c h n o lo g i c a l  n r o -  
H ve t ^ e l o p in S new t e c h n o lo g i c a l  r e g im e s ,  e v a l u a t i n g  new p r o d u c t io n  e c u ip m e u t

Co bece i n a r y - s a n i t a r y  and t e c h n o l o g i c a l  c o n t r o l  o v e r  f i n i s h e d  p r o d u c t  q u a l i t y ,  
t h a t  s a m p lin g  t a k e s  i n t o  c o n s i d e r a t i o n  th e  t im e ,  c o n d i t i o n s  and 

V v  'Psk i  l6S  t e c h n o l o g i c a l  p r o c e s s .
¡JUlS Of o f 11*1 ®e d o u so v  (1 9 7 8 ) i n d i c a t e d  th e  b a s i c  f a c t o r s ,  w h ich  in f lu e n c e  th e  r e -  
^ ^ j ^ ^ ^ i c r o a t r u c t u r a l  i n v e s t i g a t i o n s .  <ie w ould l i k e  to  p o in t  o u t  some o f  them .
H-q ** tV^~~~-^ij^_ o f  m u sc le  t i s s u e .  The s a m p lin g  o f  m u sc le  t i s s u e  i n  th e  f i r s t  h o u rs  

Q8 au 6 h t e r  o f  a n im a ls  l e a d s  to  ch a n g e s  o f  m u sc le  s t r u c t u r e  due to  th e  c o n - 
iibgj'ton M uscle f i b r e s .  On th e  c u t  s u r f a c e s  and  i n  i n d i v i d u a l  m u sc le  f i b r e s  c o n -  

^ 9  ?_nod®s a r e  fo rm e d .
M u sc le s , s e p a r a t e d  from  th e  c a r c a s s  do n o t  p r e s e r v e  m eat q u a l i t y

6d f r 0 s p o i l t  f a s t e r .  1 'o r t h i s  r e a s o n  th e  r e s u l t s  o f  i n v e s t i g a t i o n s ,  o b -
P ie c e s  o f  m e a t,  s e p a r a t e d  fro m  th e  c a r c a s s  c a n n o t be v a l i d  f o r  m u s c le s , M l J



l y i n g  on th e  c a r c a s s .
A tta c h m e n t o f  th e  m u sc le s  to  th e  c a r c a s s .  S e p a r a t in g  th e  m u sc le s  from  th e  carcass 
im m e d ia te ly  a f t e r  th e  s l a u g h t e r  o f  a n im a ls  l e a d s  to  t h e i r  s i g n i f i c a n t  sho rten !» «  
i n  th e  p r o c e s s  o f  r i g o r  m o r tis  d e v e lo p m e n t.
C o n ta c t  o f  th e  m u sc le s  w ith  e n v iro n m e n t.M u s c le a  on th e  s u r f a c e  o f  th e  c a rc a s s  

. ex p o se d  to  f a s t e r  c o o l in g ,  d r y in g  o r  m o is te n in g ,  m ic r o b ia l  c o n ta m in a t io n ,e tc .  1 „
i s  c o n n e c t io n ,  i t  i s  recom m ended to  c a r r y  o u t  m i c r o s t r u c t u r a l  in v e s t ig a t io n s  

th e  s u r f a c e  to  th e  d e p th .  ^
^ t e r i l i t y  o f  d ee p  l y i n g  m u sc le s  fro m  h e a l t h y  a n im a ls .  I t  s h o u ld  be ta k e n  in to  oo»s 
d e r a t i o n ,  t h a t  th e  s p o i l a g e  o f  th e  m e a t, p ro d u c e d  fro m  h e a l t h y  a n im a ls  develop 
m a in ly  fro m  th e  s u r f a c e  to  th e  d e p th  o f  th e  t i s s u e s .  •
^ t o i y t i c  c h a r a c t e r  o f  th e  d e v e lo p m e n t o f  p o s tm o rte m  s t r u c t u r a l  ch an g e s  iJP-JSSS^gsf 
t i s s u e .  The p o stm o rte m  s t r u c t u r a l  C hanges i n  m u sc le  t i s s u e  a ' i T d i t i m i M d  to  8 
e x t e n t  by  th e  c o n d i t i o n  o f  m eat s to r a g e :  te m p e r a tu r e ,  h u m id i ty  and  th e  d u ra tio n

The sa m p le s  f o r  th e  i n v e s t i g a t i o n s  o f  m eat and  m eat p r o d u c ts  s h o u ld  be ta k e n  f r ° 
j  cm b e lo w  th e  s u r f a c e .
I n  s tu d y in g  th e  m ic r o s t r u c t u r e  o f  m eat b a t t e r  th e  sa m p le s  a r e  ta k e n  from  the  ^  
i i c i a l ,  m id d le  an d  d eep  l a y e r s .  ’
The sa m p le s  w hich  a r e  ta k e n  by m ea t t e c h n o l o g i s t s  have  to  be accom panied Py 8 
e n p t i o n  o f  th e  ra w .m e a t o r  m eat p r o d u c t s ,  from  w here th e y  have  b ee n  ta k e n , ™ 
me o f  s a m p lin g  and  th e  c h a r a c t e r i s t i c s  o f  th e  te c h n o lo g ic a l ,  t r e a tm e n t  w ith  a11 
i t s  p a r a m e te r s .

t
As s e s s m e n t  o f  th e  o b t a i n e d r e s u l t s  and t h e i r  c o r r e l a t i o n  w ith  d a ta

from  o t h e r  m ethods o f  i n v e s t i g a t i o n s  . of
As we h av e  a l r e a d y  m e n tio n e d , m eat and  m ea t p r o d u c ts  a r e  n o t  s im p le  combin«*1® , 

a f f e r e n t  s u b s t a n c e s - f a t ,  p r o t e i n ,  w a te r ,  e t c .  b u t  i n  e v e ry  s e p a r a t e  c a se  a c R e 
s t r u c t u r e .  The p h y s ic o - c h e m ic a l  and b io c h e m ic a l  ch a n g e s  w h ich  o c c u r  i n  meat P^ 
s s m g  a r e  i n  a  c lo s e  c o r r e l a t i o n  w i th  m i c i « s t r u c t u r a l  o n e s , a good i l l u s t r a t * 0 
t h i s  r e s p e c t  i s  g iv e n  by  B e lo u s v  e t  a l . ( ! 9 6 0 ) .  I n  a s s e s s i n g  th e  e x t e n t  o f

supt r e a tm e n t  o f  m eat by m i c r o s t r u c t u r a l  c h a r a c t e r i s t i c s ,  th e y  fo u n d  th a t,u p ® 11 - 
f i c i a l  t e n d e r i z a t i o n , w a t e r  h o ld in g  c a p a c i t y  (WIIC), i s  en h a n ce d  by  5-7i?-,uP0”  t& f  
t e  te n d e r iz a tio n ,W H O  i s  i n c r e a s e d  by  b - I 2  ?« ,in  optim um  t e n d e r i z a t i o n ,  W  
and i n  o v e r t e n d e r i z a t i o n ,  WHC d e c r e a s e s  by  5 -7  % com pared  to  optim um  te n d e r*  s 
ih e  know ledge o f  th e  c o r r e l a t i o n  w ith  d a t a  fro m  o t h e r  m e th o d s o f  i n v e s t i g 8 " tu r: 
n l 1 ---------- - • • - • :— --------------  — w w ici me wiuua u i x ii»
a l lo w s  to  a s s e s s  th e  q u a l i t y  o f  m éat and m eat p r o d u c ts  and  to  c o n t r o l  die 
p r o c e s s e s  o n ly  by  m i c r o s t r u c t u r a l  c h a r a c t e r i s t i c s .--------------- -------------- - j i t
I n  d e s c r i b i n g  th e  m i c r o s t r u c t u r a l  c h a n g e s  o f  m eat and  m ea t p r o d u c ts  a s  a  re3pie 
p r o c e s s in g  i t  i s  e s s e n t i a l  to  u se  te rm s  w h ich  r e f l e c t  a s  a c c u r a t e l y  a s  P°sS^s a»3 
th e  o b s e rv e d  s t r u c t u r e s .  I n  t h i s  r e s p e c t  we f e e l  „ r o b ie ® .  .a t

of

th e  o b s e rv e d  s t r u c t u r e s .  I n  t h i s  r e s p e c t  we f e e l  t h a t  t h e r e  a r e  some 
v;e w ould  l i k e  t o  comment some o f  them . I t  i s  w e l l  known t h a t  th e  m echanic»-1-f fa c ^  
rnen t, m a ssa g in g  o r  tu m b l in g ,  c a u s e s  a  d i s r u p t i o n  o f  m u sc le  f i b r e s  and  a  &eS 
o f  m y o f i b r i l s .  U nder th e  a c t i o n  o f  th e  s a l t  s o l u t i o n  some p a r t  o f  th e  my°f  ̂ j t  
p r o t e i n s  d i s s o lv e .  On th e  s u r f a c e  o f  m eat ch u n k s  a  s t i c k y  m a t e r i a l  i s  i o ^ l ^ e S  
c o n t a in s  s a l t  s o lu b l e  m y o f i b r i l l a r  p r o t e i n s , i n  p a r t i c u l a r  m y o s in , m uscle•**«/ -- jjx v i/cx iis , xij. p a r  u ic u x a r  m y o s in , +
and m y o f i b r i l s  a t  a  d i f f e r e n t  s ta g e  o f  d e s t r u c t i o n ,  f a t s  a s  f a t  c e l l s  ° r  ,
b u le o ,  c o l la g e n o u s  f i b r e s  e t c .  W eiss ( 1 9 7 .)  /  c i t e d  by  Theno e t  a l .I9 7 &  /  e

P r o t e i n  s u s p e n s io n .  Theno e t  a l . ( I 97 b a , b , c ) ,  S ie g e l  e t  a l . ( I 97b a , b ) , Ca9® 
a l j ( I 9 7 b ) , k o ty c k a  and  B e c h te l  ( I 9b 3 ) ,  V oyle e t  a l . ( I 9 b 4 )  d e s c r ib e d  t h i s  ®8* 
e s  e x u d a te .S tu d y in g  th e  m i c r o s t r u c t u r e  o f  b in d in g  j u n c t i o n  i n  s e l e c t e d  and * ^  
ham Theno e t  a l . ( I 9 7 b c )  fo u n d  i n  th e  b in d in g  m a t r i x ,e m u l s i o n - l i k e  areas v/l11 

h i s t o l o g i c a l  c h a r a c t e r i s t i c s  s im i la r  to  th o s e  o f  t r u e  e m u ls io n  m e ^ ts  such  a» »
f u r t e r s  o r  b o lo g n a . I n  o u r  i n v e s t i g a t i o n s  we h av e  a l s o  o b s e rv e d  th e  same 
i t  c a n  ------ --— -------- - •-

a re
¡albe s e e n  th e  m o st p o p u la r  te rm  o f  th e  above m e n tio n e d  s t i c k y  m a teri*  

e x u d a te .  B u t th e  te rm  e x u d a te  o r i g i n a t e s  fro m  th e  B a t in  w ord ex su d atu m  snd e\6  
a  l i q u i d ,  r i c h  i n  p r o t e i n ,w h ic h  f lo w s  o u t  fro m  th e  w a l l s  o f  s m a l l  b lo o d  v^s . n^e^
I nl 1 1 o nn \ J ___:___  •_o*i . . i • / . _ _

. —  i------------««« J..LUIU m e w a i ia  OI s m a l l  Diuuv* in '1 \.rr
( c a p i l l a r i e s ,  e t c . )  d u r in g  in f l a r a a t i o n  (A rn a u d o v ,1 9 7 5 ) . T h a t i s  why i n  ° u l\  /
g a t i o n s  we d e s c r ib e  th e  s t i c k y  m a t e r i a l  on th e  s u r f a c e  o f  m eat chuihs fo n n e^  ^ A  
m a ssa g in g  o r  tu m b l in g ,a s  a  f i n e l y  g r a n u la t e d  p r o t e i n  m a ss . D is c u s s in g  t h e ■ r rO0c°.o 
e x u d a te  we a r e  f a r  fro m  an y  c r i t i c i s m .  We s t r o n g l y  b e l i e v e  t h a t  a l l  m eat » * ¿ 1 1  11 
p i s t s  w ould l i k e  to  h o ld  m ea t m i c r o s t r u c tu r e  on a  v e r y  h ig h  l e v e l  and th e^



'»eij.
b e s t  to  im prove  te rm in o lo g y .

So]
F u tu r e  R e se a rc h

n

oi6 *»!?!!?■■ ! U r t^ e r  “ ^ r e s t r u c t u r a i  i n v e s t i g a t i o n s  o f  m eat and m eat p r o d u c ts  
e t  ^  tTnîL? \ d b ir C a sse n s  e t  a l » d 9 0 4 ) ,  S hm id t (1 9 6 4 ) and V oyle (1 9 6 1 ) . 

s ? 8* g r é a * . U ^64) p o in te d  o u t  t h a t  th e  r a p i d l y  em erg in g  im m u n o lo g ic a l m ethods 
> E ü l r f  f ° r  S p e c i f i c  i d e n t i f i c a t i o n  and  e n z y m e -lin k e d - im m u n o s o rb e n t-  
> i 6d t« p r o c e d u re s  now o f f e r  p r e c i s i o n  and a u to m a tio n .W h en  a n t ib o d ie s  a re  

Sh â t i °h . Ther Î r S ’ c a n . be u se d  m ic r o s c o p ic a l ly  to  r e l a t e  p re s e n c e  to  s p e c i f i c
J®*'i t  îtok7 \  W a v a l l a b l e  im m u n o lo g ic a l p r o c e d u re s  s h o u ld  be u t i l i z e d .  "
> t u r e  S*a *ed  t h a t  r e s e a r c h  i n  a r e a  o f  th e  th e rm a l  a l t e r a t i o n  o f  th e  
dvSai,ch -it “ J O f i t r i l l a r ,  s t r o m a l  and s a r c o p la s m ic  p r o t e i n s  i s  n e e d e d . A d d i t io n a l  
ldl6li s a u L CTn e e d e d  t ° .  u n d e r s 'fcand th e  m i c r o s t r u c t u r a l  ch a n g es  t h a t  ta k e  p la c e  d u r in g  
V„ i i f v  +Vlg p r o d u c t io n .  He s e a r c h  a l s o  i s  n e e d e d  to  deve lcp  m ethods to  a c c u r a t e l y  
si le ( I q ^ î t  comP °n e n t s  o f  p r o c e s s e d  m eat p r o d u c ts .
¿ ^ o n m il  b e l l e v e s  t h a t  e n e rg y  d i s p e r s i v e  x - r a y  a n a l y s i s  th ro u g h  th e  s c a n n in g  
* lta  in  ®*c r o s c o Pe w ould g iv e  u s e f u l  in f o r m a t io n  a b o u t th e  l o c a t i o n  o f  c u r in g
J  ihini* p r o c e s s e d  m e a ts .

t h a t  X“ r a y  m ic r o a n a l y s i s  o f  f r o z e n h y d r a te d  s e c t i o n s  and f r a c t u r e d  b u lk
I S  n o w  rri wivifr oi-i -PA *--4. j _ j. _ __ . . . . .  .%‘OH

aena , ox x r o z e n n y a r a te d  s e c t i o n s  and f r a c t u r e d  b u lk
st'*4 of e l Pr+ n ° r  s i g n i f i c a n t  d a t a  c o n c e r n in g  th e  d i s t r i b u t i o n  and  c o n c e n t r a 
t i n g  t b ! °  y 68 l n  a  WidS v a r i e t y  o f  P l a n t  and a n im a l t i s s u e s  and i t s  u se  i n  
C *  ai r e c t i  m icJ ° s t r u c t u r e  o f  m eat and m eat p r o d u c ts  i s  an  i n t e r e s t i n g  and p ro m i-  
*6 iHoae t l o n  ° f  Iu:fcure r e s e a r c h .

2 lieat ri r i f l f t r JIilex t ! - f 0 r  Pu a n t i t a t i v e  a n a l y s i s  o f f e r  an  i n t e r e s t i n g  a r e a  i n  m eat 
V.** f ° r  t i ,Qd tS  s t u d l e s * I t  c o u ld  be v e ry  u s e f u l  i n  o b ta in in g  th e  n ee d ed  in fo rm a -  

°6fJSea , lmP rovem en t o f  th e  e x i s t i n g  and  th e  d ev e lo p m e n t o f  new t e c h n o lo g i c a l  
°n a  e q u ip m e n t.

C o n c lu s io n

.» i s  d e t a i l s  a b o u t m u sc le  s t r u c t u r e  a r e  a l r e a d y  known, m i c r o s t r u c t u r a l
a r.01 ‘nea t  and m aet p r o d u c ts  g a i n s  n o t  o n ly  t h e o r e t i c a l  im p o r ta n c e ,  b u t  i t

V  ^ e h n  ? t e r  g r e a t e r  r o l e  f o r  th e  p r a c t c e  i n  s tu d y in g ,  d i r e c t i n g  find im p ro -  
jij Scie a ° l ° g i o a l  p r o c e s s e s .
l f uip6tae°® ° f  m eat m i c r o s t r u c t u r e  h a s  b e e n  m ak ing  g r e a t  p r o g r e s s  and  i t  s e t s  g r e a t

to  mea/t m i c r o s c o p i s t s .T h e i r  e f f o r t s  s h o u ld  be d i r e c t e d  to  th e  u se  o f  
y s o p h i s t i c a t e d  t o o l s  and a p p ro a c h e s  f o r  m ic r o s c o p ic  a n a l y s i s  w ith  th e  

tg d e f e O tin g  new d e t a i l s  and  know ledge on m e a t s t r u c t u r e  and on i t s  ch a n g es  
Cbn° l o g i o a l  p r o c e s s .  I n  t h i s  r e s p e c t  q u a n t i t a t i v e  m ic ro sc o p y  and X -ra y  m ic ro . 

a^d0! 011 w ide °PPr t u n i t i e s  i n  S tu d y in g  th e  l o c a l i z a t i o n  o f  p r o t e i n ,  l i p i d ,
• ° nS wf f b f n  m ea t p r o d u c ts  and w ould  be v e r y  u s e f u l  i n  d e te r m in in g  th e

-t e lb y  ° f  th e s e  com ponen ts and i n  th e  im provem en t o f  e x i s t i n g  and new ly  d e -  
S +  °n t h clm o l o g i c a l  Pr ° o e s s e s  and  e q u ip m e n t. A t th e  sa n e  t im e ,  w ork s h o u ld  be 

*"°1 q j6 e l a b o r a t i o n  o f  m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  and p ro c e d u re s  f o r  th e  
he m a n u fa c tu r in g  p r o c e s s e s  an d  f o r  t h e i r  im p l a n t a t i o n  i n  p r a c t c e .

«»oua
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