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i c a ie rim e n tS  ° a r r ie d  ° U t in  th r e e  m eat Pla n t s  in  P o lan d  th e  e f f i c i e n c y  o f  low  v o lta g e  e le c -  
ex S im u l a t io n  (LVES) a p p l ie d  a t  v a r io u s  t im e  a f t e r  s tu n n in g , p o s s i b i l i t y  o f  im provem ent 

t  ^ ° r t  b e e f  q u a l i t y  and a c c e le r a te d  b e e f  p ro c e s s in g  u s in g  LVES w ere  in v e s t ig a t e d .  In  o rd e r  

aSsI sU l ld  ^  r6 S e rV e  ° f  g ly c o g e n  in  m usc les  th e  a n im a ls  in  some e x p e r im e n ts  w ere  fe d  on mo- 
S o lu t lo n  b e fo r e  k i l l i n g .  I t  was fo u nd  t h a t  to  a c h ie v e  good r e s u l t s  in  i n d u s t r i a l  con­

f e r  LVES m ust be aPPl i e d  n o t l a t e r  th a n  5 m in  a f t e r  s tu n n in g . C o m b in a tio n  o f  fe e d in d  b e -  
p0st l l l i n 9 and LVES g iv e s  c o n s id e ra b le  im provm ent o f  m u scle  re d  c o lo u r  l ig h t n e s s  a t  24 h 

bee f m° rte m  w hat i s  im p o r ta n t  in  s e le c t io n  f o r  e x p o r t  p u r p o s e s . In  e x p e r im e n ts  c o n c e rn in g  h o t  

f9fttorir ° CeSSing i t :  WaS s ta t e d  t h a t  LVES makes p r im a l c u t t in g  and d eb o n in g  e a s ie r .T h e  b ic e p s  
vith  1S mUScles o f  h e i f e r  c a rc a s s e s  a t  24 h p o s t-m o rte m  showed l i g h t e r  c o lo u r  in  co m parison  

'° ah t l  ° ntro1  m u sc les  o f  n o n -s t im u la te d  c o ld  boned c a rc a s s e s .A ls o  t h e i r  te n d e rn e s s  was s i g n i f i -  

Cahnecj 9 r e a t e r * ^ e a t  p ro d u c t io n  p ro c e s s  was s h o r te n e d  and w e ig h t  lo s s e s  re d u c e d .T h e  q u a l i t y  o f
Of - meat made o f  h o t  p ro ce ssed  b e e f  was s l i g h t l y  b e t t e r  and were no d i f f e r e n c e s  in  q u a l i t y  

i r a n k fu r t it e r r t y p e  sausages made o f  h o t  and c o ld  boned m e a t.

A uction
"'esearch

. w° r k s  on e l e c t r i c a l  s t im u la t io n  (ES) o f  b e e f  c a rc a s s e s  c a r r ie d  o u t f o r  many y e a rs  in  

l 982b * ° n ° f  M eat and F a t  R esearch  I n s t i t u t e  in  Poznari (BORZUTA e t  a l , 1982a ) , (BORZUTA e t  a l ,  
ft0m , ( K i E N ,1990) showed p o s i t i v e  e f f e c t  o f  ES on th e  q u a l i t y  o f  b e e f .  R esearch  d a ta  com ing  

Of th ^ ° r e ig n  l i t e r a t u r e  w ere  in  th e s e  w orks v e r i f i e d  in  P o l is h  c o n d i t io n s .  U s in g  th e  r e s u l t s  

in s i Se W° rk s  P o l is h  i n d u s t r i a l  eq u ip m en t f o r  LVES was d e v e lo p e d , c o n s tru c te d  and i n s t a l l e d  

(RlE a U 9 h te r l in e s  o f  3 la r g e  m eat p la n t s :  in  Gorzôw W k p .(A ) , J a ro s la w  (B) and O s trô d a  ( C ) , 

ly ( ' Ro r ZU TA ,1988 ) . Two o f  th e s e  p la n ts  s e a s o n a l ly  c a r r y  o u t  th e  b e e f  e x p o r t ,  m a in ly  t o  I t a -  

e re  th e  l i g h t - r e d  b e e f  c o lo u r  i s  r e q u ir e d .  In  P o lan d  a b o u t 10- 20% o f  h e i f e r s  and 50- 80%b u n
l°ds

i s

s g iv e s  DFD m eat w h ich  c a n n o t be e x p o r te d  because o f  d a rk  c o lo u r .  T h is  i s  why th e  me 

f ° r  im provem ent o f  m eat c o lo u r  l ig h t n e s s  w ere  lo o k e d  fo r .O n e  o f  th e s e  m ethods i s  ES b u t  

i t  known t h a t  ES i s  e f f e c t i v e  o n ly  when tn e  a n im a ls  have s u f f i c i e n t  g ly c o g e n  re s e r v e

^es b e fo r e  k i l l i n g .  The p u rp o se  o f  i n d u s t r i a l  e x p e r im e n ts  was to  in v e s t ig a t e  th e  p o s s i -  

bee f ^ ° f  lm p ro vem en t o f  b e e f  c o lo u r  l ig h t n e s s  and m o reo ver -  in t r o d u c t io n  o f  th e  a c c e le r a te d  

hot ° c e s s -̂n9 in c lu d in g  e v a lu a t io n  o f  q u a l i t y  t r a i t s  o f  m eat and some m eat p ro d u c ts  made o f  
n ed ' e l e c t r i c a l l y  s t im u la te d  c a rc a s s e s .

r ei f
E r IA L S a n d  m e th o d s

j  ,

'■‘■heg ' a i r y  cows and young b u l ls  o f  F r e s ia n  b la c k - w h it e  b re e d s  u s u a l ly  k i l l e d  in  s la u g h te r -
.oU s h — any s e le c t io n  w ere  u s e d . C a rc a s s e s  w ere  e l e c t r i c a l l y  s t im u la te d  f o r  1 m in u s in g  

vo it  ln d u s t r i a l  a p p a ra tu s  w i t h  s in g le  p o l a r i t y  s e m is in u s o id a l o u tp u t  p u ls e s  w i t h  80 V peak  

96 and fre q u e n c y  25 H z . As e le e t r o d e s  th e  n o s t r i l  to n g s  and t r a n s p o r t  r a i l  o f  s la u g h t e r -
“  W f t v .y .

e u s e d . In  e x p e r im e n ts  c o n c e rn in g  LVES e f f i c i e n c y  (e x p re s s e d  as pH d e c l in e )  v a r io u s  
;in g  ■ ■

, firo e  o f  s t im u la t io n  was a p p l ie d .  In  o r d e r  to  r e b u i ld  th e  g ly c o g e n  re s e r v e  in  m uscles  

^ t i o " * 18 in  some e x p e r im e n ts  w ere  fe d  once o r  s e v e r a l  t im e s  on 6- 10% m o lasses  s o lu t io n  w i th  

iitl9 2^  ° f  m i lk  a C id  d u r in g  1 day b e fo r e  k i l l i n g .  The s id e s  w ere  c h i l l e d  in  s ta n d a rd  way d u -  
caSses h * In  e x p e r im e n ts  c o n c e rn in g  a c c e le r a te d  b e e f  p ro c e s s in g  th e  s id e s  o f  s t im u la te d  c a r -  

Were c h i l l e d  o n ly  f o r  2 . 5-4 h in  te m p e ra tu re  from  -3  to  +2 °C  r e s p e c t iv e ly ,  w h at caused  

oc S lng  o f  c o re  te m p e ra tu re  somewhat b e lo w  30° C . C o n tr o l s id e s  w ere  c h i l l e d  d u r in g  24 h in  

<&R) * F° 13-owing m easurem ents w ere  c a r r ie d  o u t :  pH o f  lo n g is s im u s  d o r s i  (L D ) , b ic e p s  fe m o r is  

8emiItlem branosus (SM) and s u p ra s p in a tu s  (SS) m usc les  a t  2 h p o s t-m o rte m  (pH2 ) , e x t e n t  o f  

itie m° r t l s  u s ing IVO  m e c h a n ic a l r ig o r m e te r  and W-B s h e a r fo r c e .  M o re o v e r s e n s o ry  e v a lu a t io n

% n i c a i and some m eat p ro d u c ts  q u a l i t y  t r a i t s ,  d e te r m in a t io n  o f  c o o l in g  and h e a t in g  lo s s  and 
an a ly s is  o f  m eat p ro d u c ts  w ere  c a r r ie d  o u t .
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RESULTS AND DISCUSSION

T a b le  1 p re s e n ts  mean pH2 v a lu e s  o f  LD and BF s t im u la te d  w i t h  v a r io u s  d e la y  a f t e r  s tu n n in g 1 
The m u scle  re s p o n s e  d e c re a s e s  v e r y  f a s t  w i t h  in c r e a s e  o f  LVES d e la y . D i f f e r e n c e  m u sc le  resp011 
se in  l e f t  and r i g h t  s id e  (e x p e r im e n t I I I )  i s  p ro b a b ly  due to  d is a p p e a ra n c e  o f  n e rv o u s  con^ 

t i v i t y  in  u n s h a c k le d  r i g h t  l e g .  W ith  la r g e  d e la y  LVES i s  p r a c t i c a l l y  n o t  e f f e c t i v e  in  both 

s id e s .  I t  i s  c o n s is te n t  w i t h  s ta te m e n ts  o f  o th e r  a u th o rs  who p r e f e r  a p p ly in g  o f  LVES n o t  

th a n  5 m in  a f t e r  s tu n n in g  (CUTHBERTSON,1980 ) ,  (ROZIER e t  a l , 1980 ) . The r e s u l t s  o b ta in e d  by 
BUCHTER ( 1987) in  Denm ark w ere  a ls o  c o n f irm e d  in  p r e s e n t  s tu d y . In  t a b le  2 th e  r e s u l t s  o f lP 

v e s t i g a t io n  o f  th e  m u sc le  re s p o n s e  w i t h  LVES made as soon as p o s s ib le  i . e .  1-3  m in  a f t e r  st]> 
n n in g  a r e  g iv e n . R e l a t i v e l y  good e f f i c i e n c y  o f  LVES i s  o b s e rv e d . R ig o r  was s i g n i f i c a n t l y  

van ced  in  s t im u la te d  c a rc a s s e s  as r e l a t e d  t o  c o n t r o l  ones ( d i f f e r e n c e  o f  30- 33% in  measure' 

m e n ts ) . I t  makes th e  h o t  b o n in g  e a s ie r .  T h is  was th e  re a s o n  why in  o th e r  e x p e r im e n ts  LVES ^  

a lw a y s  s t a r t e d  w i t h in  1-3  m in a f t e r  s tu n n in g . In  t a b le  3 th e  r e s u l t s  o f  s e n s o ry  e v a lu a t i0” 

LD m u sc le  c o lo u r  l ig h t n e s s  in  b ig  g ro up s  o f  c a rc a s s e s  a t  24 h p o s t-m o rte m  a re  g iv e n .  A l l  the 

mean v a lu e s  o f  v is u a l  e v a lu a t io n  w ere  b e lo w  5.5  and in  m a jo r i t y  b e lo w  5.0  p o in t s .  I t  means 

l i g h t - r e d  LD m u sc le  c o lo u r ,  f u l l y  a c c e ta b le  d u r in g  s e le c t io n  o f  e x p o r t  b e e f  " p is t o l s "  c a r l1 
o u t  a t  24 h p o s t-m o rte m . N o n -s t im u la te d  c a rc a s s e s  in  m a jo r i t y  d id  n o t  m eet th e s e  re q u ire ® enl 

(d a ta  n o t  g iv e n  in  th e  t a b l e ) .  O th e r  in v e s t ig a t io n s  (BORZUTA e t  a l  1982a ) ,  (K IE N ,1990 ) sh0,,( 

t h a t  w h i le  th e  a n im a ls  w ere  fe d  on m o lasses  s o lu t io n  b e fo r e  k i l l i n g  LVES a lo n e  im proved  

m u scle  c o lo u r  l ig h t n e s s  by a b o u t 20 % ( h e i f e r s )  o r  10 % ( b u l l s ) . U s in g  exam ined  m ethod the

* le

:pe

e x is t in g  g e n e r a l  p r o p o r t io n  d u r in g  th e  s e le c t io n  o f  c a rc a s s  q u a r te r s  f o r  e x p o r t  purposes

b o th  B and C p la n t s  was in v e r t e d  b ecause  a b o u t 80% o f  c a rc a s s e s  w i t h  l i g h t - r e d  m eat c o l ° ur

was o b ta in e d . In  t a b le  4 th e  r e s u l t s  o f  i n v e s t i g a t io n  o f  some m eat q u a l i t y  t r a i t s  o f  s t i #11,ul3'

te d  h o t  boned (ESHB) and n o n -s t im u la te d  c o ld  boned (NSCB) h e i f e r  c a rc a s s e s  a re  g iv e n  (eXpieiJ

m ent i n  m eat p la n t  C ) . R e t a i l  c u ts s  fro m  ESHB c a rc a s s e s  w ere  c h i l l e d  in  c o n t a in e r s  in  2-^ °C-

The r e t a i l  c u ts  fro m  ESHB c a rc a s s e s  (BF m u s c le s ) a f t e r  24 h and 48 h p o s t-m o rte m  showed lif l'

t e r  by 20% and 4% re d  c o lo u r  r e s p e c t iv e ly  and a t  48 h p o s t-m o rte m  b e t t e r  by 20% tend ern ess  ^

e x p re s s e d  in  W-B p eak  s h e a r fo r c e  m easurem ents in  co m p a ris o n  t o  c u ts  fro m  NSCB c a rc a s s e s -

àl
,n<i

>8Cj

s e n s o ry  e v a lu a t io n  o n ly  cooked m eat fro m  ESHB c a rc a s s e s  showed s l i g h t l y  (b u t  n o t  s i g n i f i ca

l y )  b e t t e r  te n d e rn e s s  th e n  th e  ones fro m  NSCB c a rc a s s e s . S m a lle r  s ta n d a rd  d e v ia t io n s  in  

g ro u p  s u g g e s ts  b e t t e r  u n i f o r m i t y  o f  p ro b e s  w i t h  r e s p e c t  to  te n d e rn e s s . No s i g n i f i c a n t  di& e t
re n c e  i n  c o o k in  and r o a s t in g  lo s s e s  b e tw een  ESHB and NSCB g ro u p s  w ere  fo u n d . The same re

ffef-

t o  t a s t e  and ju ic in e s s  o f  m eat p ro b es  ( n o t  g iv e n  in  th e  t a b l e ) . M e a t p r o d u c t io n  p rocess  

s h o rte n e d  and w e ig h t  lo s s e s  re d u c e d  from  2 . 34% to  1 . 87% due t o  r e d u c t io n  o f  t o t a l  c h i H * 1̂  

t im e  b e fo r e  e x p e d i t io n  o f  r e t a i l  c u ts  fro m  48 h t o  24 h .

In  m eat p la n t  B tw o b a tc h e s  o f  s t e r i l i z e d  canned m eat (4 a s s o r tm e n ts ) made o f  ESHB and
edb e e f  c a rc a s s e s  (5 h e i f e r s ,  5 d a i r y  cows and 3 young b u l ls  in  each  g ro u p ) w ere  in v e s t i g ate  ^  | 

The a n im a ls  in  b o th  g ro up s  w ere  fe d  on th e  m o lasses  s o lu t io n  once o r  tw ic e  d u r in g  1 day 

k i l l i n g .  No s i g n i f i c a n t  d i f f e r e n c e s  in  s e n s o ry  e v a lu a t io n  o f  te n d e rn e s s  and t a s t e  o f  c*nt>eYw
m eat b e tw een  b o th  g ro u p s  w ere  fo u n d , b u t  g e n e r a l ly  th e  s c o re s  in  ESHB g ro u p  w ere  s l i g h t

t t e r . In  m eat p la n t  C tw o  b a tc h e s  o f  f r a n k f u r t e r - t y p e  sausages in  s i m i l a r  as above experifl"&

$o
p a t t e r n  w ere  m ade. In  each  g ro u p  5 h e i f e r s  and 5 b u l ls  ( f e d  th r e e  t im e s  on th e  m olasses  

t i o n  d u r in g  1 day b e fo r e  k i l l i n g )  w ere  u s e d . S ausages c o n ta in e d  40% o f  b e e f .  No s i g n i f y *  „ 

d i f f e r e n c e s  as f a r  as c h e m ic a l c o m p o s it io n , t e x t u r e ,  f l a v o u r , t a s t e  and ju ic in e s s  be tw ee11 
sages in  b o th  g ro u p s  w ere  fo u n d .

he

CONCLUSION

E x p e r im e n ts  showed th e  p o s s i b i l i t y  o f  in t r o d u c t io n  o f  LVES in  some P o l is h  m eat p la n ts - C0>

n a t io n  o f  LVES w i t h  fe e d in g  o f  a n im a ls  on th e  m o lasses  s o lu t io n  b e fo r e  k i l l i n g  g iv e s  co
if

r a b le  im provem ent o f  re d  c o lo u r  l ig t n e s s  o f  m eat w h at i s  p a r t i c u l a r y  im p o r ta n t  in  e x p °r  ̂ ^  
p r o d u c t io n .  T h is  m ethod is  p r e s e n t ly  used in  tw o m eat p la n t s .  M o re o v e r LVES makes c a rc as£! j)

t t i n g  and d e b o n in g  e a s ie r  and makes p o s s ib le  a c c e le r a te d  b e e f  p ro c e s s in g  w i th  a l l  o f  the
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^ v a n ta g e s . The q u a l i t y  o f  m eat p roductsym ade o f  h o t p ro c e s s e d  b e e f  i s  a t  le a s t  th e  

0n 'trodu ln  0386 ° f  p r ° duC tS made o f  c o ld  boned b e e f .  However th e r e  a re  s e r io u s  p ro b lem s w ith  

P̂ c!tlentsC t l ° n ° f  t h lS  n6W te c h n o lo g y  in  P o lan d  s in c e  th e  s t r u c t u r a l  changes and o th e r  im p ro -  
°n ln  e x i s t i n g  m eat p la n ts  and in  a n im a l husbandry  a re  n eeded .
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4nim a is

S C a t t l e  
c a te g o r y

Group Number o f  
c a rc a s s e s

D e la y  a f t e r  
s tu n n in g  

(m in)

Mean pH2 v a lu e  o f  m uscle M eat 
- p la n t

LD BF
h e i f e r s ES 28 4-6 6 . 26a ( 0 . 36) 6 . 27a ( 0 . 49 ) A

NS 26 - 6 . 76b ( 0 . 18) 6 . 73b ( n - a n j
b u l ls ES 10 6-8 6.58  ( 0 . 38) 6.48  ( 0 . 50 ) A

NS 1 0 - 6.81  ( 0. 20) 6.51  ( 0 . 30 )
h e i f e r s ES 20 6-8 5 . 99a L 

6 . 46b R
A

h e i f e r s ES 20 8-10 6.58  L 6.48  L C
6.54  R 6.41  R

NS 20 - 6.51 6.81
b u l ls ES 15 8-10 6.81  L 6.47  L C

6.91  P 6.52  P
NS 15 _________ - _________ 6.80___________ 6.67__________

kb,
vi a t i  ----------— 3 •

,'tcas , ° n s : Es = e l e c t r i c a l l y  s t im u la t e d ,  NS = n o n -s t im u la te d , L -  l e f t  s id e ,

’scr

X6 f  — * * ' ' ' *  x c a s t in g ,  in  s ia u g n t e r r m e  c a rc a s s e s  w ere  hanged on th e

¡t i  ^ 9 ‘ Numbers in  b r a c k e ts  in d ic a t e  s ta n d a rd  d e v ia t io n s .  Numbers w i th  d i f f e r e n t  u p p er
ir\

)^ v . g iv e n  e x p e r im e n t and colum n d i f f e r  s i g n i f i c a n t l y  (P <0 . 01 )

s i d e . r i g h t

%

* im,
l - 3Cm inPa ^ ^ d c ^ lg 0 ^~m 0 r t^ S e x te n ^ in  b e e f  c a rc a s s e s  e l e c t r i c a l l y  s t im u la te d  w i t h in  

-----  m in a f t e r  s tu n n in g  and c o n t r o l  c a rc a s s e s  in  s la u g h t e r l in e s
len t s C a t t l e

ca te g o r y
Parameter Group Number o f  

c a r c a s s e s
Mean pH2 v a lu e  o f  m uscle Meat 

• p la n t
LD BF SM SS

pH2 ES 33 5 .9 3 - _ B

Ph2- ES 26 5 .9 6 - - - C
PH2 ES 30 6 . 37a 6 . 01a - - C

NS 30 7 . 05b 6 . 66b - _

PH2 ES 80 6 .23 - - - C
PH2 ES 30 6 .11 - - - C
PH2 ES 67 6 .1 4 - - - B

r ig o rm eter ES 30 1 2 . 3a 1 7 . 7a 1 2 . 6a 1 2 . 0a c
i n d i c a t io n
(mm) NS 30 9 .3 ° 9 . 0b 9 . 6b 9 . 0b

AiP
d 4

&

ers  ^
i n n e x P e r im e n t I  w ere  fe d  on m o lasses  s o lu t io n  tw ic e  d u r in g  1 day b e fo r e  k i l l i n q .

f ®d hrrrr ‘ m ent V w ere  fe d  fo u r  t im e s  as a b o ve . In  o th e r  e x p e rim e n ts  th e  a n im a ls  w ere

1 " 0  ° "  surem
6tlt was en tS  W6re c a r r ie d  o u t  ran d o m ly  e i t h e r  in  l e f t  o r  in  r i g h t  s id e .  

a s u red w i t h  r ig o r m e te r  a t  3 h p o s t-m o rte m .

ic t r . d i f f e r e n t  s u b s c r ip t  in  g iv e n  e x p e r im e n t and colum n d i f f e r  s i g n i f i c a n t l y  (P <0 . 01 ) 
l c a H y  s t im u la t e d ,  NS

R ig o r -m o rt is

6l e c
n o n -s t im u la te d
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T a b le  3 . S ensory e v a lu a t io n  o f  re d  c o lo u r  l ig h tn e s s  o f  th e  LD m uscle c ro s s  s e c t io n  o f  
e l e c t r i c a l l y  s t im u la te d  b e e f c a rc a s s e s  a t  24 h p o s t-m o rtem

E x p e rim e n ts C a t t le  c a te g o ry  Number o f  
c a rc a s s e s

Mean c o lo u r  l ig h t n e s s  in  
" S o ic a r n i"  s c a le

M eat p la n t

I h e i f e r s 33 4.7 B

I I b u l ls 67 5.3 B

I I I b u l ls 33 5.1 B

IV h e i f e r s 66 4.9 C

V b u l ls 30 4.9 C

V I b u l ls 65 5.0 C

V I I b u l ls 67 4.6 C

V I I I b u l ls 67 4.8 C ____

T a b le  4 . Some
la t e d

m eat q u a l i t y  t r a i t s  in  BF m uscle  o f  
c o ld  boned (NSCB) h e i f e r  c a rc a s s e s

s t im u la te !  h o t boned (ESHB) and 
(e x p e rim e n t in  m eat p la n t  C)

n o n -s t im u '

P aram ete rs Time Group S i g n i f f 1'
p ost-m o rtem

(h)
ESHB NSCB 

(n = 30 ) (n = 30 )
cance

v is u a l  e v a lu a t io n  o f  m eat re d  c o lo u r 24 4.6  ( 0 . 8 ) 5.7  ( 0 . 8) < 0.01
l ig h t n e s s  u s in q  " S o ic a rn i"  s c a le 48 5.0  ( 0 . 3 ) 5.2  ( 0 . 5 ) < 0 . 05—

cooked m eat te n d e rn e s s :
sen sory  e v a lu a t io n  
W-B peak sh ear fo r c e  (N)

48

110
3.7  ( 0 . 5 ) 3.5  ( 0 . 6 ) 
.2 (26 . 5 ) 138.9  ( 45 . 5 )

ns
< 0.01

ro a s te d m eat te n d e rn e s s :  
sen sory  e v a lu a t io n  
W-B peak s h ear fo r c e  (N)

48

87
3.9  ( 0 . 4 ) 4.0  ( 0 . 5 ) 
.4 ( 15 . 8 ) 108.7  ( 23 . 0 )

ns

co o k in g lo s s (%) 48 40.7  41.9 ns

r o a s t in g lo s s (%) 48 42.7  43.9 n s__^^

In  e x p e rim e n ts  I - V  ( t a b le  3 ) th e  a n im a ls  w ere fe d  on th e  m o lasses s o lu t io n  tw ic e  d u r in g  ° nt  
day b e fo r e  k i l l i n g  and in  e x p e rim e n ts  V I - V I I I  fe d  fo u r  tim e s  as ab o v e . In  e x p e rim e n t showe
in  t a b le  4 th e  a n im a ls  w ere k i l l e d  a f t e r  one day o f  f a s t in g .  (C o n tin u e d  on th e  n e x t  pa9e e<j 
M eat c o lo u r  " S o ic a r n i"  s c a le  c o n s is ts  o f  8 p o in ts  (1 -  l i g h t e s t  re d  c o lo u r ,  8 -  d a rk e s t   ̂ ^  
c o l o u r ) . M ea t te n d e rn e s s  o r g a n o le p t ic  s c a le  c o n s is ts  o f  5 p o in ts  (1 -  v e r y  to u g h  m e a t, 5 
te n d e r  m e a t ) . F ig u re s  in  b r a c k e ts  in d ic a t e  s ta n d a rd  d e v ia t io n s .
n = num ber o f  c a rc a s s e s , ns = n o t  s i g n i f f i c a n t  d i f f e r e n c e  b e tw een  ESHB and NSCB groups-
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