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SUMMARY: I t  has been s tu d ie d  th e  e f f e c t  o f  g a m m a -ra d ia tio n  on th e  s t r u c t u r a l  and p la s t i c  

s tr e n g th  and e l a s t i c i t y  o f  m eat fro m  p ig s  t h a t  have Been exposed to  2 .2  and 3 .3  Gy gamma- 

ra y s  by a p p ly in g  th e  m ethod o f  p e n e t r a t io n .

The r e s u l t s  o b ta in e d  in d ic a t e  t h a t  th e  e l a s t i c i t y  o f  m. L on g iss im u s d o r s i  fro m  p ig s  r a ­

d ia te d  w i t h  3 .3  Gy gam m a-rays d e c re a s e s  f a s t e r  and re a c h e s  i t s  minimum le v e ls  a t  th e  2 4 th  

h ( 6 3 .5 9 ^ ) .  The s t r u c t u r a l  s t r e n g th  o f  m eat fro m  3 .3  Gy gamma—r a d ia t e d  p ig s  rem a in s  h ig h  

d u r in g  th e  w ho le  t e s t  p e r io d  u n t i l  th e  ?2nd h , and re a c h e s  th e  maximum o f  1 3 3 .0 4  MPa a t  th e  

2 4 th  h compared to  th e  c o n t r o ls  and th e  m eat from  2 .2  Gy g am m a-rad ia ted  a n im a ls  (3 6 t h  h -  

122.'19 kP a; 3 6 th  h  -  1 2 6 .1 5  M P a). I t  has been e s ta b lis h e d  t h a t  th e  p la s t i c  s t r e n g th  o f  th e  

m uscles r a d ia t e d  w i th  a h ig h  dose gam m a-rays ( 3 . 3  Gy) i s  h ig h e r  d u r in g  th e  w ho le  t e s t  p e r i ­

od , and th e  maximum i s  a t  th e  2 4 th  h  (4 0 .9 6  M P a).

OTIRODUCTION: The consum ption  o f  m eat fro m  a n im a ls  t h a t  have been exposed t o  io n iz in g  

r a d ia t io n  may o ccu r and be even u n a v o id a b le  u n d e r c o n d it io n s  o f  e le v a te d  r a d i o a c t i v i t y  

(B e lo v  e t  a l .  1 9 8 7 ) .  In  r e l a t i o n  to  t h i s ,  i t  i s  im p o rta n t to  Mnow th e  a f t e r - e f f e c t s  o f  

io n iz in g  r a d ia t io n  on a n im a ls . The e f f e c t  o f  postm ortem  io n iz in g  r a d ia t io n  on th e  ly s o s o -  

m ic enzymes a c t i v i t y  in  b e e f m uscles has a lr e a d y  been s tu d ie d  (L a M r it z  e t  a l .  1 9 8 8 ) .  O f 

p a r t i c u l a r  in t e r e s t  a re  th e  changes in  th e  te c h n o lo g ic a l  p r o p e r t ie s  o f  m eat fro m  r a d ia t e d  

a n im a ls  w i t h  re s p e c t  to  i t s  e f f e c t i v e  u t i l i z a t i o n .

The o b je c t iv e  o f  th e  p re s e n t worM is  to  s tu d y  th e  e f f e c t  o f  g a m m a -ra d ia tio n  on th e  s tr u  

c t u r a l  and m e c h a n ic a l p r o p e r t ie s  o f  m uscles fro m  r a d ia t e d  p ig s .

MATERTA1.S and METHODS: The s tu d y  was c a r r ie d  o u t on m. L on g iss im u s  d o r s i  fro m  t h r e e -  

m o n th -o ld  p ig s  w i t h  l i v e  w e ig h ts  o f  5 5 -6 0  Mg. The a n im a ls  w ere d iv id e d  in t o  3 g ro u p s . The 

f i r s t  tw o groups w ere exposed to  s in g le  g a m m a -ra d ia tio n  w i t h  2 .2  Gy ( v a r ia n t  I )  and w i th

3 .3  Gy ( v a r ia n t  I I ) .  The t h i r d  ( c o n t r o l )  group o f  a n im a ls  w ere b re d  u n d e r th e  same c o n d it1 

ons b u t  w ere  n o t exposed to  r a d ia t io n .  M u sc le  sam ples w ere  taM en on th e  3 0 th  day a f t e r  ra ­

d ia t i o n  w i t h  th e  aim  to  d e te rm in e  t h e i r  s t r u c t u r a l  and m e c h a n ic a l p r o p e r t ie s .  The c o n t r o l  

and t e s t  c a rc a s s e s  w ere p ro cessed  a c c o rd in g  to  th e  te c h n o lo g y  commonly p r a c t is e d  in  o ur  

m eat pacM ing  h ou ses . The sam ples o f  m. L on g iss im u s  d o r s i  and m. S e m ite n d in o s u s  w ere s to r e 

a t  o ° —2°C  and w ere exam ined a t  th e  i 2 t h ,  2 4 th ,  56t h  and 72nd h  p o s t mortem  in  o rd e r  to  

f i n d  o u t th e  e f f e c t  o f  g a m m a -ra d ia tio n  on th e  s t r u c t u r a l  and m e c h a n ic a l p r o p e r t ie s  o f  

m u s c le s . F o r  t h a t  p u rp o s e , th e  changes in  th e  fo l lo w in g  p a ra m e te rs  w ere fo llo w e d :  s tr u c tu ­

r a l ,  p l a s t i c  s t r e n g th  and e l a s t i c i t y .  The m ethod o f  p e n e t r a t io n  was a p p l ie d  (VosM resensM i'

1 9 5 8 ) .
The r e s u l t s  o b ta in e d  w ere a n a ly s e d  b y  th e  m ethods o f  m a th e m a tic a l s t a t i s t i c s  (G e o rg ie

e t  a l .  1 9 » 7 ) .  i
RESULTS and DISCUSSION: The r e s u l t s  f o r  th e  s t r u c t u r a l  s t r e n g th  o f  m. L on g iss im u s  d o r3



9:17

a re  g iv e n  in  F i g . 1 .  I t  has been e s ta b lis h e d  t h a t  in  m uscles fro m  a n im a ls  r a d ia t e d  w i th  2 .2  

Gy th e  changes in  th e  s t r u c t u r a l  s t r e n g th  a re  s im i la r  to  th o s e  o b ta in e d  f o r  m. Long iss im us  

d o r s i  fro m  n o n ra d ia te d  a n im a ls  ( F l g . 1 ) .  The s t r u c t u r a l  s t r e n g th  le v e ls  re m a in  low  u n t i l  th e  

1 2 th  h  p o s t mortem and a f t e r  t h a t  h o u r become h ig h e r  w i t h  a  maximum a t  th e  56th . h  ( c o n t r o ls :  

1 2 2 .1 9  xP a; t e s t :  1 2 6 .1 5  k P a ) .  A f t e r  th e  5 6 th  h , th e  m uscle s t r u c t u r a l  s t r e n g th  b oth  from  

n o n ra d ia te d  and 2 .2  G y - r a d ia te d  a n im a ls  g r a d u a l ly  d e c re a s e s  ( F i g . 1 ) .  h i m. L ong iss im us d o r s i

fro m  5 .3  c y - r a d ia t e d  p ig s  th e r e  i s  no s ig n i f ic a n t  d i f ­

fe re n c e  f o r  t h i s  p a ra m e te r  u n t i l  th e  1 2 th  h  p o s t mor­

tem  when compared w i t h  th e  c o n t r o ls  and v a r ia n t  I  sam­

p le s .  S ig n i f i c a n t  changes have been e s ta b lis h e d  a f t e r  

th e  1 2 th  h ; m uscle s t r u c t u r a l  s t r e n g th  rem a in s  h ig h  

d u r in g  th e  w ho le  t e s t  p e r io d  u n t i l  th e  7^nd h  and r e a ­

ches maximum le v e ls  f a s t e r  (24 -th  h : 135 .04- kPa; th a n  

th e  c o n t r o ls  and 2 .2  C iy -ra d ia te d  m uscles  ( F i g . 1 ) .

F i g . 1 .  Changes in  th e  s t r u c t u r a l  s t r e n g th  (k P a ) d u r in g  

s to ra g e  o f  m .Lo n g iss im u s  d o r s i  fro m : (1 )  n o n ra d ia te d
________________

•¡■.i o/j pigs» (¿) Gy gamma-radiated pigs; (3) 5.3 Gy gamma
r a d ia t e d  p ig s .

The changes e s ta b lis h e d  in  th e  m uscle sam ples fro m  h ig h -d o s e - r a d ia te d  a n im a ls  ( 3 .3  Gy) 

p ro b a b ly  due to  an e a r l i e r  s e t - i n  o f  r i g o r  m o r t is  a t  th e  ¿ 4 th  h  p o s t m ortem .

The r e s u l t s  fro m  th e  p la s t i c  s t r e n g th  s tu d y  o f  m. L on g iss im u s  d o r s i  fro m  t e s t  a n im a ls  

g iv e n  in  F ig .2  and show a  te n d e n c y  t h a t  i s  s im i l a r  to  t h a t  in  th e  s t r u c t u r a l  s t r e n g th .  

^  has been e s ta b lis h e d  t h a t  th e  p l a s t i c  s t r e n g th  o f  th e  m uscle  sam ples fro m  g am m a-rad ia ted  

^ h im a ls  ( 3 . 5  Gy) is  h ig h e r  th a n  th e  c o n t r o ls  and v a r ia n t  I  sam ples; th e  maximum le v e ls  have

J-& .2 . Changes i n  th e  p l a s t i c  s t r e n g th  (k P a )  

^ r i n g  s to ra g e  o f  m .Lo n g iss im u s  d o r s i  fro m : 

^  n o n ra d ia te d  p ig s ;  ( 2 )  2 .2  Gy g am m a-rad i- 

ed- P ig s ;  ( 5 )  5 .3  Gy g am m a-rad ia ted  p ig s .

-P•HO•H
-PCO

7 0

' T h
F i g . 5 .  Changes in  th e  e l a s t i c i t y  (y0) o f  m.

L on g iss im u s  d o r s i  fro m : ( 1 )  n o n ra d ia te d

p ig s ;  ( 2)  2 .2  Gy g am m a-rad ia ted  p ig s ;  ( 5 )

5.3 Gy gamma-radiated pigs.
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s tr e n g th  s l i g h t l y  d ro p s . The r e s u l t s  f o r  th e  changes i n  th e  e l a s t i c i t y  o f  m. L ong iss im us  

d o r s i  a re  g iv e n  in  P ig .3 .  I t  can he seen t h a t  a t  th e  1 2 th  h  p o s t m ortem  th e  e l a s t i c i t y  i s  

h ig h  b o th  in  th e  c o n t r o ls  and in  th e  sam ples fro m  2 .2  Gy g am m a-rad ia ted  p ig s  (8 4 .5 1 %  and  

8 0 .7 9 % , r e s p e c t iv e ly )  and re m a in s  h ig h  d u r in g  th e  w ho le  t e s t  p e r io d  as compared to  th e  sam­

p le s  fro m  3 .3  Gy g am m a-rad ia ted  a n im a ls  ( F i g . 3 ) .

In  m. Lon g iss im u s  d o r s i  fro m  a n im a ls  r a d ia t e d  w i t h  3 .3  Gy th e r e  i s  a  f a s t e r  d e c re a s e  o f  

e l a s t i c i t y  l e v e l s  w h i le  th e  minimum le v e l s  a re  a t  th e  2 4 th  h  (6 5 .5 9 % ). In  th e  m uscles fro m  

2 .2  Gy r a d ia t e d  and n o n ra d ia te d  a n im a ls  th e s e  minimum le v e l s  have been e s ta b lis h e d  a t  th e  

3 6 th  h p o s t m ortem , 67 .08%  and 69 .54% , r e s p e c t iv e ly  ( F i g . 3 ) .  The f a s t e r  s e t - i n  o f  r i g o r  

m o r t is  in  th e  sam ples w i th  h ig h  dose r a d ia t io n  is  p ro b a b ly  due to  th e  a c c e le r a te d  postm or­

t a l  p ro c e s s e s  w h ich  r e s u l t  in  lo w e r  e l a s t i c i t y .  I t  sh o u ld  be n o te d  t h a t  th e  low  e l a s t i c i t y  

in  th e s e  sam ples re m a in s  unchanged u n t i l  th e  3 6 th  h  and a f t e r  t h a t  s lo w ly  becomes h ig h e r ,  

re a c h in g  68.53%  a t  th e  72nd h .

The r e s u l t s  f o r  th e  changes in  th e  s t r u c t u r a l ,  p l a s t i c  s t r e n g th  and e l a s t i c i t y  o f  m. S e - 

m ite n d in o s u s  a re  g iv e n  in  T a b le  1 . These r e s u l t s  s u p p o rt th e  te n d e n c y  o b served  w i t h  m. Lon­

g is s im u s  d o r s i .  The s t r u c t u r a l  s t r e n g th  o f  m. S e m ite n d in o s u s  fro m  3 .3  Gy r a d ia t e d  a n im a ls  

( v a r ia n t  I I )  re a c h e s  i t s  maximum a t  th e  2 4 th  h  (1 4 3 .5 6  kP a) w h i le  th e  c o n t r o ls  and th e  mus­

c le  sam ples fro m  th e  2 .2  Gy r a d ia t e d  p ig s  ( v a r ia n t  I )  a re  1 3 0 .4 7  kPa and 1 3 8 .3 1  kP a , re s p e c ' 

t i v e l y  (T a b le  1 ) .  The changes in  th e  p l a s t i c  s t r e n g th  show s im i l a r  te n d e n c y . The maximum 

le v e l s  f o r  th e  c o n t r o ls  and v a r ia n t  I  sam ples have been r e g is t e r e d  a t  th e  3 6 th  h , 4 2 .6 1  

and 4 3 .7 0  kP a , r e s p e c t iv e ly ,  and f o r  v a r ia n t  I I  a t  th e  ¿ 4 th  h  -  4 6 .8 4  kPa (T a b le  1 ) .  The 

e l a s t i c i t y  o f  m. S e m ite n d in o s u s  fro m  h ig h  dose ( 3 . 3  Gy) r a d ia t e d  a n im a ls  d e c re a s e s  and re a ­

ches i t s  minim um  le v e l  a t  th e  2 4 th  h  (6 6 .4 7 % ) compared to  th e  c o n t r o ls  (5 6 t h  h , 67 .34% ) an^ 

th e  low  dose r a d ia t e d  sam ples (3 6 t h  h , 6 7 .3 1 % ).

T a b le  1 .  Changes i n  th e  e l a s t i c i t y  (% ), s t r u c t u r a l  and p l a s t i c  s t r e n g th  (k P a ) d u r in g

s to ra g e  o f  m .S e m ite n d in o s u s  fro m  n o n ra d ia te d  ( c o n t r o l )  and g am m a -ra d ia te d  p iS s

w i t h  exposure doses o f 2 .2  Gy ( v a r ia n t I )  and 3 .3  Gy ( v a r ia n t  I I ) •

S to ra g e S t r u c t u r a l  s t r e n g th P l a s t i c  s t r e n g th E l a s t i c i t y

Time (h ) (k P a ) (k P a ) (% )

C o n tr o l V a r . I V a n . I I C o n tr o l V a r . I V a r . I I C o n tr o l V a r . I V a r .1*

12 8 4 .5 8 8 6 .7 1 9 0 .1 5 5 1 .1 0 3 2 .0 7 5 4 .0 0 7 9 .8 1 7 8 .1 5 76.9^

± 3 .5 2 ± 3 .7 9 ± 3 .6 0 ± 1 .4 2 ± 1 .6 5 ± 1 .5 7 ± 5 .1 6 ± 5 .2 0 ± 5 *^ >

24 1 1 9 .8 3 1 2 3 .4 2 1 4 5 .5 6 5 9 .7 6 4 1 .8 7 4 6 .8 4 7 5 .4 2 7 4 .7 2 6 6 . ̂

± 4 .8 9 + 5 .0 8 ± 6 .2 8 ± 1.62 ± 2 .1 0 ± 2.15 ± 2 .9 3 ± 5 .1 0 ± 5 ^

3 6 1 3 0 .4 7 1 3 8 .5 1 1 4 2 .8 2 4 2 .6 1 4 5 .7 0 4 4 .1 3 6 7 .5 4 6 7 .3 1 6 9 *°9

± 5 .9 0 ± 5 .1 6 ± 6 .1 0 ± 2 .1 3 ± 2 .0 7 ± 2 .0 7 ± 3 .0 6 ± 2 .9 6 ± 5 ^ -

72 1 2 1 .5 5 1 3 5 .4 6 1 4 0 .1 7 4 1 .6 5 4 2 .5 8 4 3 .1 9 7 5 .6 6 7 3 .0 9
■ /1 >

± 5 . 6 / ± 5 .1 0 ± 5 .8 5 ± 1 .8 7 ± 2 .1 1 ± 2 .1 0 ± 5 .2 1 ± 3 .1 2
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CONCLUSIONS; G am m a-rad ia tio n  o f  p ig s  w i th  exposure  doses o f  2.2 Gy does n o t  cause s ig n i ­

f i c a n t  changes in  th e  s t r u c t u r a l ,  p l a s t i c  s t r e n g th  and e l a s t i c i t y  o f  m. L on g iss im u s  d o r s i  

and m. S e m ite n d in o s u s  when compared to  m uscles from  n o n ra d ia te d  a n im a ls . When th e  exposure  

dose i s  e le v a te d  to  3 .5  Gy th e  s t r u c t u r a l  and p l a s t i c  s t r e n g th  reach es  a  maximum le v e l  a t  

th e  ¿ 4 th  h , and e l a s t i c i t y  re a c h e s  a minimum l e v e l  a t  th e  ¿ 4 th  h in  com parison  w i th  th e  

c o n t r o ls  and th e  2.2 Gy g am m a-rad ia ted  sam ples . We co nc lu de  t h a t  g a m m a -ra d ia tio n  o f  p ig s  

w it h  doses o f  3 .3  Gy a c c e le r a te s  th e  p o s tm o rta l a u t o ly t i c  p ro c e s s e s  o c c u r r in g  in  m uscles  

w h ich  f a c t  i s  r e la t e d  to  th e  f a s t e r  s e t - i n  o f  th e  p o s tm o r ta l r ig o u r  r e s u l t in g  in  meat 

to u g h n e s s .
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