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¿ p r o d u c t io n
(cs®, s u b s t i t u t io n  o f  t r a d i t i o n a l  m ethods by m odern te c h n o lo g ie s  a f f e c t s  th e  q u a l i t y  o f  fo o d s

g n l i \ ani  H l ld e b r a n d t ’ 19a 5 ) .  The p h y s ic a l  t re a tm e n t  o f  m eat a p p l ie d  w id e ly  i n  th e  manu- 
o ^cxu re  o f  h e a t p ro c e s s e d  hams c o n t r ib u te s  to  th e  more u n ifo rm  d i s t r i b u t i o n  and p e n e t r a t io n

b r ln e s .among m usc le  f i b r e s  and m y o f ib r i l s ,  th e  e x t r a c t io n  o f  g r e a te r  q u a n t i t i e s  o f  
i n t h p r b ^ H f n P r° i e^ 3 fo r m a t io n  o f  a p r o t e in - s a l t  e x t r a c t  p la y in g  a s u b s t a n t ia l  p a r t
thorto b l “ d i n «  o f  bhe in d iv id u a l  m eat p ie c e s  and th e  fo r m a t io n  o f  a q u a l i t y  p ro d u c t .  The me­
e t a! used  d e m o n s tra te  a v a s t  v a r i e t y :  m assa g ing  and tu m b lin g  (Theno e t  a l . , 1 9 7 8 a ,b ,c ; K rause 
19 8n  '  1 9 7 ° > ’ vacuum tre a tm e n t  and sound v ib r a t io n  (Z a ya s , 1 9 8 1 ), v ib ro m a s s a g in g  ( S t r u p in ,  
2^ ° U ,  e le c tro m a s s a g in g  (B o ls h a k o v  e t  a l .  , 19 8 3 ) .  6 v  ’
° u t t ^ n + ( 198i ) ' , i n  a r e v i ew o f  some c u r r e n t  t re n d s  i n  th e  te c h n o lo g y  o f  m eat p ro d u c ts ,  p o in te d  
trn o  + a t  m echan ica l, t re a tm e n t  m  ham m a n u fa c tu re  had been ex te nde d  to  in c lu d e  a t e n d e r iz in g  
Ped n1? 6 Pr l n c i P le  c o n s is ts  i n  t h a t  raw  m a te r ia ls  a re  passed th ro u g h  a m ach ine e q u i | -
Mo+-W1t h  r o l l e r s  o r  m ovable s ta b le  n e e d le s .  3
twn ^ ka  and^ Bf c h t e l  ( 1983  ̂ te n d e r iz e d  m e c h a n ic a l ly  b r in e - in je c t e d  m eat by i t s  p a s s in g  th ro u g h  
Sch Parad--'-e^ r o l l e r s ,  on each o f  w h ic h  65 b la d e s  were m ounted a t  a 5 mm d is ta n c e
bed 1 9 8 5 < aP P b ie11 p re s s in g  o f  th e  m eat p ie c e s  b e fo re  o r  a f t e r  b r in e  i n je c t i o n  be tw een r i b -  

r o l l e r s  i n  c o m b in a t io n  w i th  tu m b lin g .  —
f e c + ! !n d e r * v a t io n  ° f  m2a t  chunka i n  Lan« en hype B 1 2 0 /1 3 /N /J  and B 1 2 0 /4 /N /J  tu m b le rs  i s  e f -  
The d- l n  thS  0 0 u rse  o f  b u m b lin g  by t h e i r  f a l l i n g  on to  a system  o f  n e e d le s .
° f  Pie c e s  o f  eq u ipm en t used and th e  p a ra m e te rs  o f  th e  m e c h a n ic a l t re a tm e n t
bhodo .r0n *  d l f f e r e n t m eat p ro c e s s in g  p re m is e s  r e q u ire s  th e  de ve lopm e n t o f  o b je c t iv e  me- 
bhat 01 conb r o l l i n g  and d e te rm in in g  optim um  o p e r a t io n  re g im e s . B e lo u s o v  e t  a l .  ( 1980) fo u n d  
®eo>, ’ bhe p h y s ic o -c h e m ic a l,  o r g a n o le p t ic  and m ic r o s t r u c tu r a l  changes o c c u r r in g  upon th e
« e n t ^ 0?1 i re a tm ®n t  m e a t, a  d e f i n i t e  i n t e r r e l a t i o n  e x is te d ,  a l lo w in g  th e  o b je c t iv e  a s s e s s - 
^ i t h  ° f  b e n d e n z a t io n ,  by m ic r o s t r u c tu r a l  in d ic e s .
the th e  Pre 3 e n t in v e s t ig a t io n s ,  we aim ed to  s tu d y  th e  e f f e c t s  o f  m assa g ing  and tu m b lin g  on 
bhe “ b o ro - .a n d  u l t r a s t r u c t u r e  o f  p o rk  and to  use th e  m ic r o s t r u c tu r a l  changes t h a t  s e t  i n ,  f o r  

o b je c t iv e  assessm ent o f  th e  e x te n t  o f  th e  m e c h a n ic a l t re a tm e n t  a p p l ie d .

B^fiS T im e n ta l 
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exp e r im e n ts  were co n d u c te d  u n d e r i n d u s t r i a l  c o n d i t io n s .  C h i l le d  p o rk  was in je c t e d  w i th  
Sag?6 U 3 in « a m u l t i - n e e d le  i n j e c t o r  and s u b je c te d  to  m e c h a n ic a l t r e a tm e n t  as f o l l o w s :  (1 )  m as- 
cUutt g / f ° r  14 h o u rs  w i th  an a c t iv e  m assa g ing  t im e  o f  210 m in  i n  r e c ta n g u la r  v a ts  w i th o u t  v a -  
byT®’ (2 )  tu m b lin g  f o r  4 h o u rs  w i th  an a c t iv e  tu m b lin g  t im e  o f  120 m in  i n  c y l i n d r i c a l  Laska  
bimo V a ts  u n d e r cvacuum ; (3 )  b r in e  i n je c t i o n  and tu m b lin g  f o r  14 h o u rs  w i th  an a c t iv e  tu m b lin g  

® ° f  150 m in  i n  a com plex Langen ty p e  l i n e .
^ g n t  m ic ro s c o p y  s tu d ie s  were made u s in g  sam ples ta k e n  b e fo re  and a f t e r  c u r in g  and tu m b lin g  

“ b e r  h e a t t r e a tm e n t .  B lo c k s  o f  d im e n s io n s  o f  0 ,5  x  0 ,5  x  0 ,5  cm were f r o z e n  i n  is o p e n ta n e  
t h jp ih i l l e d  i n  l i q u i d  n i t r o g e n ,  and c u t  u s in g  a M inotom e c r y o s t a t ,  made i n  USA. S e c t io n s  o f  a 
U3 idicne3a o f  m ic ro n s  3 ta in e d  w i t h  h e m a to x y l in -e o s in  and w i th  p ic ro p o n s o  S, were ob se rve d  
f ile 11? a  B oo uva l -  C a r l Z e is s  m ic ro s c o p e , made i n  th e  GDR.
b j- g ^ o u - m ic r o s c o p ic  s tu d ie s  were made on b lo c k s  s iz e d  1 x 1 x 2  mm, w h ic h , a f t e r  c o n v e n t io n a l 
^ a t m e n t ,  were embe^fied i n  d u rcu p a n . U l t r a t h in  s e c t io n s  made u s in g  an L K B - I I I  u l t ra m ic ro to m e  
Cfr. G a in e d  ( c o n t r a s te d )  a f t e r  R e yn o ld s  (1 9 6 3 ) w ere o b se rve d  u s in g  a T e s la  BS 613 e le c t r o n  m i-  
fieg ? °P e a t  80 kV .
^ h e ' % t — ® i acU33.ion_
bhi® h i 3 t o i ° g i c a l  p a t te r n  o f  c o o le d  m eat b e fo re  c u r in g  and m e c h a n ic a l t re a tm e n t  (P ig .

a t
com ® U3cle f i b r e s  a re  o f  a

1) 3hows
p o ly g o n a l fo rm  and a re  su rro u n d e d  by b r i g h t  spaces d i v id in g  them 

s ie p+ °ne a n o th e r .  W id e r b r i g h t  bands fo rm  th e  b o u n d a rie s  o f  in d iv id u a l  m usc le  b u n d le s . I n  th e  
l e i  i ro n  m ic ro g ra p h  ( P ig .  2 ) i t  can be seen t h a t  m y o f ib r i l s  a re  lo c a te d  r e c t i l i n e a r l y , p a r a l -  
A-a b° each o th e r ,  and a re  d iv id e d  by d i f f e r e n t  w id th  spaces o f  b r ig h te n e d  s a rc o p la s m . I -  and 
« l a b o r s ,  H -z o n e s , M and Z - l in e s  a re  w e l l  d is t in g u is h a b le  and o f  a p re s e rv e d  i n t e g r i t y .  I n  
bj.„ ° h o n d r ia ,  some s w e l l in g  and d e s t r u c t io n  changes have o c c u rre d  i n  th e  m ito c h o n d r ia l  mem- 

t h S 311(1 c r f 3 ba e *
I>ie be P ro c e s s  o f  m e c h a n ic a l t r e a tm e n t ,  in je c t e d  b r in e s  have p e n e tra te d  deep in t o  th e  m usc le  
f l b * 3 a n d , u n d e r  t h e i r  a c t io n ,  s u b s t a n t ia l  m ic r o s t r u c tu r a l  changes have o c c u r re d .  M usc le  

®3 have sw o lle n , and a c q u ire d  a more o r  le s s  p ronounced  rou nd ed  shape and b r i g h t  spaces 
n  *6  them  a re  re d u ce d  to  a d i f f e r e n t  e x te n t  ( P ig .  3 ) *  I n  some p la c e s ,  th e y  a re  c lo s e ly  a d h e - 
( f i i f  to  one a n o th e r  and t h e i r  b o u n d a r ie s  a re  o u t l in e d ,  to  a  d e f i n i t e  e x te n t ,  by t h e i r  n u c le i  

4 ) .  Among m usc le  f i b r e s  and i n  th e  p e r im y s iu m , a f in e  g r a n u la r  mass can be o b s e rv e d ,
Iq-j ° f  c o a g u la te d  p r o t e in - s a l t  e xu d a te  ( P ig .  5 ) .
a t j0Gbed s a l t  s o lu t io n s  and th e  m e c h a n ic a l t re a tm e n t  o f  th e  m eat p ie c e s  have a ls o  in d u c e d  
b ig ^ S ly  p ro no unce d  u l t r a s t r u c t u r a l  changes. M y o f ib r i l s  a re  s w o lle n  to  such an e x te n t  t h a t  
aPpe 9X6 c lo s e ly  a b fc k in g  to  one a n o th e r  and b r i g h t  s a rc o p la s m a t ic  spaces have c o m p le te ly  d i s -  
fi^bba re h . M - l in e s  a re  n o t  o u t l in e d  and H -zones a re  re p re s e n te d  by w id e  o p t i c a l l y  dense bands. 

nes a re  fra g m e n ta ry  and a s id e  o f  them , p a r a l l e l  t h in  o p t i c a l l y  dense d a rk  bands have fo rm -
^he c a n a ls  o f  t r a n s v e r s a l  tu b u le s  a re  expanded. I n  th e  m id d le  o f  some A - s e c to rs ,  m yo s in
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F ig .  1. C ross  s e c t io n  o f  c h i l l e d  p o rk  p r i o r  to  
b r in e  i n je c t i o n ,  ( x  20)

F ig .  2 . L o n g itu d in a l  s e c t io n  th ro u g h  p a r t  0 
a m usc le  f i b r e  fro m  c h i l l e d  p o rk  
b e fo re  b r in e  i n je c t i o n ,  ( x  4750)

F ig .  3 . C ross s e c t io n  o f  m usc le  fro m  f in is h e d  
ham. C o a g u la te d  p r o te in  exu d a te  among 
m usc le  f i b r e s ,  (x  50)

V--P v  . ^
n- *vy ir

F ig .  4 . C ross  s e c t io n  o f  m usc le  a f t e r  tu m b l' 
in g .  P ronounced s w e l l in g  o f  m uscle  1 
b re s  and o b l i t e r a t i o n  o f  b o u n d a r ie 9 
among them , (x  50)

F ig .  5 . C ross s e c t io n  o f  m usc le  fro m  f in is h e d  
ham. F in e  g r a n u la r  mass o f  c o a g u la te d  
p r o te in  i n  th e  p e r im y s iu m , (x  80 )

% » f i t '

HêM * 2 £ # * l*  «

F ig .  6 . L o n g itu d in a l  s e c t io n  th ro u g h  p a r t  , 
a m usc le  f i b r e  a f t e r  tu m b lin g .  D e s t!-11 
t i v e  changes i n  some A - and I - d i ^ 9'
( x  10000)

F ig .  7 . C ross  s e c t io n  o f  m usc le  fro m  f in is h e d  P ig .  
ham. P r e s e r v a t io n  o f  th e  p o ly g o n a l fo rm  
o f  m usc le  f i b r e s  and b r i g h t  spaces among 
them , (x  50)

b. L o n g itu d in a l  s e c t io n  o f  m usc le  fro®  
f in is h e d  h a m .D e s tru c t iv e  changes 
m usc le  f i b r e s  f o l l o w in g  in je c t e d  h r 1 
(x  50)
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P r o t o f i b r i l s  a re  s e v e re ly  t o r n  and , to  a c e r t a in  d e g re e , s a l t - e x t r a c t e d  and th o s e  p la c e s  a p - 
be+r  as w id e  b r i g h t  spaces . We b e l ie v e  t h a t  th e s e  changes a re  th e  r e s u l t  o f  th e  c o m p a ra t iv e ly  
„  * t e r  p e n e t r a t io n  o f  b r in e ,  w h ic h  has e x e r te d  an e x t r a c t io n  e f f e c t  on m yos in  p r o t o f i b r i l s ,  

n a o u b te d ly , m e c h a n ic a l t re a tm e n t  i t s e l f  ha s  a ls o  p la y e d  a p o s i t i v e  p a r t  ( P ig . 6 ) .  
e m ic r o s t r u c tu r a l  and u l t r a s t r u c t u r a l  changes d e s c r ib e d  a re  due u n q u e s t io n a b ly  to  b o th  th e  

Pol ° t s  ° f  s a l t  ^  P o ly p h o s p h a te , and th e  m e c h a n ic a l t r e a tm e n t .  The m echanism  o f  s a l t  and 
( in o P ^ s p h a te  a c t io n  on m eat s t r u c t u r e  has been th o ro u g h ly  t r e a te d  o f  by O f fe r  and T r in i c k  
j j ! 983) and V o y le  e t  a l .  (1 9 8 4 ) .
r  e m e c h a n ic a l t re a tm e n t  o f  m eat p ie c e s  i n  th e  p re se n ce  o f  sod ium  c h lo r id e  and p o ly p h o s p h a te  
S o h - 3 i n  th e  fo rm a t io n  ° f  a s t ic k y  exu d a te  on t h e i r  s u r fa c e  (Theno e t  a l . , 1978 a , b , c ;  
Pro+1<i't  and T r o u t ,  1 9 8 2 ). T h a t exu d a te  c o n ta in s  m y o f i b r i l l a r  p r o te in s ,  m o s t ly  m y o s in . These 
th ° te in S  c o a 8 u la t e upon  h e a t t re a tm e n t  and b in d  th e  in d iv id u a l  m eat p ie c e s .  F o r  t h a t  re a s o n ,

6 c o n d i t io n s  u n d e r w h ic h  th e s e  p r o te in s  a re  e x t r a c te d ,  a re  o f  s u b s ta n t ia l  im p o rta n c e  (V o v le  
a l . ,  1984) .

■»ecb*1 a good know ledge  o f  th e  m ic r o s t r u c tu r a l  and u l t r a s t r u c t u r a l  changes o c c u r r in g  upon th e  
r id fta n iC a l t re a tm e n t  ° f  m eat p ie c e s  i n  th e  p re se n ce  o f  s a l t  s o lu t io n s  c o n ta in in g  sod ium  c h lo -  
tha+ 311,1 P o ly p h o s p h a te s , i t  i s  p o s s ib le  to  fo rm  c r i t e r i a  f o r  o b je c t iv e  asse ssm en t. We f e e l

^bese c r i t e r i a  can be sum m arized in t o  th re e  d e g re e s : i n s u f f i c i e n t ,  op tim um , and o v e r o p t i -  
m e c h a n ic a l t r e a tm e n t .

pe| u£ f ic ie n t jn e c h a n ic a l  t re a tm e n t  o f_ th e _ r a w _ m a te r ia l .  I t  i s  c h a r a c te r iz e d  by th e  f o l lo w in g  
u l i a r i t i e s  i n  th e  m ic r o s t r u c tu r e  o f  m usc le  f ib r e s ?  deep in t o  th e  m usc le  p ie c e s ,  m usc le  

anotKS haVe Pre 3 e rv e d > 1:0 a c o n s id e ra b le  d e g re e , t h e i r  p o ly g o n a l fo rm  and a re  d iv id e d  fro m  one 
ex t h 6 r  ^  b r i g h t  bands ; t h e i r  s w e l l in g  i s  i n s u f f i c i e n t  and th e re  i s  h a r d ly  any p r o t e in - s a l t  
st r i  3010118 them  ( F ig .  7 ) ;  an  uneven  d i s t r i b u t i o n  o f  s a l t  s o lu t io n  i s  fo u n d , w i th  s e v e re  d e -  
° f  mC t i ° n  °hanges u n d e r i t s  a c t io n  and a p r e s e r v a t io n ,  i n  some p la c e s ,  o f  th e  c ro s s  s t r i a t i o n  

m usc le  f i b r e s  ( F ig .  8 ) ;  on th e  u l t r a s t r u c t u r a l  l e v e l ,  an i n s u f f i c i e n t  s w e l l in g  o f  m y o f ib -  
dern 1S fo u n d  o w ir lg  to  a  weak p e n e t r a t io n  o f  s a l t  s o lu t io n  in t o  m usc le  f i b r e s  ( F ig .  9 ) ;  t e n -  
t h iV ? 8 311(1 th e  w a te r - h o ld in g  c a p a c i ty  o f  th e  m eat p ro d u c t  a re  im p ro ve d  i n s i g n i f i c a n t l y  a t  
Opt' ( le 8 ree  ° f  m e c h a n ic a l t r e a tm e n t .
gP ilm um  m e£hani_ca l_treatm ent_;_ I t  i s  c h a r a c te r iz e d  by th e  f o l lo w in g :  a s ig n i f i c a n t  s w e l l in g  o f  

f l b r e s > 103S o f~ th e T r  p o ly g o n a l fo rm , a c o n s id e ra b le  amount o f  p r o t e in - s a l t  e x t r a c t  
b i l  3010118 them and i n  th e  p e rim y s iu m  ( F ig .  5 ) ;  i n  in d iv id u a l  f i b r e s ,  i n  some p la c e s  m y o f ib -  
ih s i i i  t r u c t i o n  i s  °b 3 c rv e d  and a fo r m a t io n  o f  a f in e ly - g r a n u la r  p r o te in  m ass, lo c a te d  b o th  
s t ic k 6 811(1 among th e  m usc le  f i b r e s .  U s in g  e le c t r o n  m ic ro s c o p y , a p ronounced  s w e l l in g  and c lo s e  
the». f£ 8 o f  m y o f ib r i l s  i s  o b s e rv e d , a f r a g m e n ta t io n  o f  p r o t o f i b r i l s  and e x t r a c t io n  o f  p a r ts  o f  
fre e  k  i g ’ The f r a g m e n ta t io n  o f  p r o t o f i b r i l s  c o n t r ib u te s  to  th e  in c re a s e  i n  th e  num ber o f  
Over O03ds w h ic h  can h o ld  a d d i t io n a l  am ounts o f  w a te r .
"  - r 2p tim um  m e c h a n ic a l_ tre a tm e n t_ o f  th £  raw  m a t e r ia l^  I t  i s  c h a r a c te r iz e d  by c o n s id e ra b le  d e -

H g  Q
L o n g itu d in a l  s e c t io n  th ro u g h  p a r t  o f  

a m usc le  f i b r e  fro m  f in is h e d  ham. Myo­
f i b r i l s  a re  n o t  s u f f i c i e n t l y  s w o lle n ,  
(x  4750)

F ig .  10. L o n g itu d in a l  s e c t io n  o f  m usc le  fro m  
f in is h e d  ham. S t r o n g ly  p ronounced  de­
s t r u c t i v e  changes a lo n g  th e  le n g th  o f  
m usc le  f i b r e s ,  (x  50)
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