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° LYSIS, CHILLING RATE AND BEEF QUALITY; AN INVENTORY OF POTENTIAL CONSEQUENCES

- G.H. GEES INK, F .J .M . SMULDERS, J .G . VAN LOGTESTIJN
^  ° f  th e S c ie n c e  o f  Food o f  Anim al O r ig in ,  F a c u l ty  o f  V e te r in a r y  M ed ic in e , U n iv e r s i ty  o f  U t r e c h t ,  P .0 .
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two s e r i e s  o f  e x p e r im e n ts  c o n d u c te d  in  two b e e f  p r o d u c t io n  o p e ra t io n s  w ith  s i m i l a r  e l e c t r i c a l  
d i f f e r e n t  r e f r i g e r a t i o n  c o n d i t io n s  ( p l a n t  A; m o d era te  c h i l l i n g ;  p l a n t  B: r a p i d  c h i l l i n g ) ,  w ere 

e th e  e f f e c t s  o f  g l y c o l y t i c  and c h i l l i n g  r a t e  on b e e f  q u a l i t y .  W hereas in  s low  g ly c o ly s in g
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Of

c° r r e l a t i o n  c o e f f i c i e n t  b e tw een  sa rco m ere  le n g th  and W arner B r a t z l e r  s h e a r  f o r c e  was h ig h ly  
•78; p < .0 5 ) ,  t h i s  was n o t  th e  c a s e  f o r  f a s t  g ly c o ly s in g  m usc le  ( r - 0 .2 5 ;  p > .0 5 ) .  F a s t  g ly c o ly s i s  

ark e d ly  h ig h e r  d r ip  l o s s e s ,  w h ich  e f f e c t  was s i g n i f i c a n t l y  more p ron o un ced  in  th e  s lo w e r  c h i l l i n g  
r c a s s e s  w ith  an  u l t im a te  pH v a lu e  in  th e  5 .8  -  6 .1  ra n g e  w ere s i g n i f i c a n t l y  to u g h e r  th a n  th o s e  

r a n g e .  The p H /te m p e ra tu re  p r o f i l e  o f  a l a r g e  num ber o f  b e e f  c a rc a s s e s  from  b o th  p l a n t s  ( p la n t  
an t B: n -7 8 0 ) was s u b s e q u e n t ly  m o n ito re d , s e r v in g  a s  th e  b a s i s  o f  a r i s k  a s s e s s m e n t f o r  c u r r e n t  

r t i o n s  i n  The N e th e r la n d s .  T h is  ’ in v e n to r y ’ i n d i c a t e d  t h a t  e l e c t r i c a l  s t i m u l a t i o n  p r a c t i c a l l y  
r t s k  o f  c o ld  s h o r te n in g  u n d e r b o th  c h i l l i n g  re g im e s , t h a t  f a s t e r  g ly c o ly s i s  m a rk ed ly  in c re a s e d

°ondi
the

eXCe
1 c0nH. 6 s s iv e  d r ip  lo s s  by  p r o t e i n  d é n a tu r a t io n  a t  m o d era te  c h i l l i n g  r a t e s ,  and t h a t  th e  p r e v a le n c e  o f  

was a ro u n d  3 .5  -  4 .0  %.° ^ t i 0n

S t
% 6lecion c t r i c a l  s t i m u l a t i o n  o f  b e e f  c a r c a s s e s  i s  w id e ly  u s e d  to  p r e v e n t  e x c e s s iv e  p o s t  mortem  m uscle 

9 t lowtp ^  t e m p e r a tu r e s , b e t t e r  known a s  c o ld  s h o r te n in g .  T h is  phenomenon r e s u l t s  i n  to u g h  m eat w ith
6<i' Vh- (H o n ik e l e t  a l .  , 1 9 8 6 ). T hese a d v e rse  e f f e c t s  a r e  o b se rv e d  when p r e - r i g o r  m u sc le  i s  r a p id ly
•• l ie

y,V f

f k

eS

S ly co g en  s t o r e s  and  h en ce  pH v a lu e s  a r e  s t i l l  h ig h  enough to  a llo w  m usc le  c o n t r a c t io n ,  
in g  r a t e  and r a t e  o f  pH f a l l  a r e  m a jo r d e te rm in a n ts  o f  b e e f  q u a l i t y ,  w here h ig h  p o s t  mortemch i l l

known to  a c c e l e r a t e ,  and low te m p e ra tu re s  to  d e la y  g ly c o ly s i s  (M arsh , 1954; B e n d a ll ,  197 8).
6  d i f f e r e n t  form s o f  e l e c t r i c a l  s t i m u l a t i o n ,  i t  was d e m o n s tra te d  t h a t  te n d e r n e s s  was o p tim a l when 

P to c eed ed  a t  an  in te r m e d ia te  r a t e  (pH3h a b o u t 6 . 1 ) and d e c re a s e d  a t  b o th  s id e s  o f  t h i s  v a lu e
■lad

6t

S ,  ’ 1987). F u r th e r  i n v e s t i g a t i o n s  by S m ulders e t  a l .  (1990) s u b s t a n t i a t e d  th e s e  f in d in g s ;  in
III. ** 1ta

Was shown t h a t  h ig h  c o r r e l a t i o n  c o e f f i c i e n t s  ( r - 0 .8 4 )  b e tw een  p a n e l  te n d e r n e s s  s c o r e s  and
8th

6 . ^  ° n ly  e x i s t e d  f o r  th e  slow  g ly c o ly s in g  m u sc le s , w h ereas a t  f a s t  pH d e c l in e  t h i s  c o r r e l a t i o n  
^ 6S . S im p lie s  t h a t  t e n d e r n e s s  depends on s h o r te n in g  o n ly  i n  s low  g ly c o ly s in g  m u sc le .

C°lyt
ahd

l c  r a t e ,  u l t i m a t e  pH v a lu e s  seem to  be  r e l a t e d  w ith  b e e f  t e n d e r n e s s .  B ased on th e  pH v a lu e s
pjj s t e e r s , P u rch as  (1990 ) d e m o n s tra te d  t h a t  th e  h ig h e s t  s h e a r  f o r c e  v a lu e s  w ere fo un d  a t  an

i °f 6 1'■ L and th e n  d e c r e a s e d  on b o th  s id e  o f  t h i s  pH ra n g e . J e re m ia h  e t  a l . (1991) came to  s i m i l a r  \  af t 6 r , .n a v m g  e v a lu a te d  d a ta  s e t s  o b ta in e d  o v e r  a  1 0  y e a r  p e r io d ;  s e g r e g a t io n  o f  b e e f  c a rc a s s e s
bimate'ta°uPs pH v a lu e s  b e tw ee n  5 .8  and 6 .2 ,  was e f f e c t i v e  in  rem oving th e  m a jo r i t y  o f  to u g h  c a r c a s s e s  in  

r e g a r d le s s  o f  b r e e d .
S ^ t a t  c

diip C°n t r i b u t i o n  a t te m p ts  to  a n a ly s e  th e  r i s k s  o f  c o ld  s h o r te n in g  and th e  r e s u l t i n g  to u g h n e ss  and 
> t a  ^  Ss d u r in g  c o n d i t i o n in g  o f  b e e f  c a r c a s s e s  i n  two m ajo r b e e f  p r o c e s s in g  o p e r a t io n s .  Over th e

Us®fui
V * 1 «ti,
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in f o r m a t io n  h a d  b een  c o l l e c t e d  in  th e s e  s l a u g h t e r p l a n t s , b o th  o f  w h ich  u se  th e  same 
a t io n  p ro c e d u re  b u t  a p p ly  d i f f e r e n t  c h i l l i n g  r a t e s .  E v a lu a t io n  o f  s e v e r a l  d a ta  s e t s  and o f  

tal ^  ® ents a llo w e d  f o r  e s t im a t in g  th e  r i s k s  o f  v a r io u s  c h i l l i n g  r a t e s  on pH and te m p e ra tu re
L
-, %

m ately  o f  b e e f  q u a l i t y .

He
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OwV  u V, b°ta
Ser i e s  o f  e x p e r im e n ts  on th e  s e n s o ry  q u a l i t y  o f  b e e f  lo n g is s im u s  m u sc le , p e rfo rm e d  in  1982- 

and 1990-1992 ( p l a n t  B) w ere u se d  f o r  c o m p ariso n . B oth p l a n t s  r e l i e d  on s i m i l a r  s t im u la t io n  
° l t a g e  s t i m u l a t i o n ,  85V, 14 Hz; M itab , S im rish a v n , Sw eden), b u t  a p p l ie d  d i f f e r e n t  c h i l l i n g

:n
studies

sh,
pH ( u l t im a te  v a lu e s  a s s e s s e d  a t  48 h  p o s t  mortem) an d  te m p e ra tu re  d e c l in e ,  te n d e r n e s s

e a r  f o r c e ,  7 a n d /o r  14 days p .m .) ,  sa rco m e re  le n g th  and d r ip  lo s s  d u r in g  vacuum s to r a g e  a t  2
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n ts  «ere P
±  2°C w ere a s s e s s e d  a t  7 days p o s t  m ortem . C ooking o f  th e  sam p les  and s h e a r  f o r c e  m easurem e ^  
a c c o rd in g  to  Sm ulders e t  a l .  (1 9 8 1 ) . S arcom ere l e n g th s  w ere a s s e s s e d  by m e a su rin g  th e  f i r ^  
d i f f r a c t i o n  band  u s in g  th e  p ro c e d u re  d e s c r ib e d  by Koolm ees e t  a l .  (1 9 8 6 ), D rip  lo s s e s  w ere a s se s se
sam p les  b e f o r e  and a f t e r  vacuum s to r a g e .

More r e c e n t l y  b o th  p l a n t s  w ere r e v i s i t e d  s e v e r a l  t im e s  to  m o n ito r  th e  pH and te m p e ra tu re decU"e of

p o p u la t io n  o f  1 ,1 8 0  e l e c t r i c a l l y  s t im u la te d  b u l l  and cow c a r c a s s e s ;  in  th e  fo l lo w in g  th e s  ̂
r e f e r r e d  to  a s  th e  ’p H /te m p e ra tu re  in v e n to ry

lSure’0 ^ '

mo*, o n  h  post - jM easurem ents w ere done a t  45 m in, 3 h  and . . rR i

th e  c e n t r e  o f  th e  M. lo n g is s im u s  be tw een  th e  5 th  an d  6 t h  r i b .  The pH and te m p e ra tu re  wer (gJ a  combi11601 /
p o r t a b l e  pH m e te r ,  ty p e  CG818 ( S c h o t t  G e rä te ,  GmbH D6238 H ofheim , Germany) eq u ip p e d  w ith  ^ ^
r e f e r e n c e )  e l e c t r o d e  ty p e  Lo406-M6-DXK-S7/25 ( In g o ld )  an d  a  d i g i t a l  th e rm o m ete r ty p e  ImPaC^  ^  
(L eu v en b erg  T e s t  T ech n iek  b . v . ,  The N e th e r la n d s ) .  A ’ r i s k  a n a l y s i s ’ was c o n d u c te d  b a sed  
s u p p o s i t i o n s :  c o ld  s h o r te n in g  r i s k  a t  pH>6.0 a t  te m p e ra tu re s  < 10-12°C  (B e n d a l l ,  1 9 7 2 ), n g °   ̂ p F 6 3t
r i s k  a t  PH4 5mln< 6 .0  a t  te m p e r a tu r e s  >25°C (H o n ik e l e t  a l . , 1 9 8 6 ), r i s k  o f  e x c e s s iv e  d r ip  l ° sS ^ g0), P
te m p e ra tu re s  >30“C (H o n ik e l e t  a l . ,  198 6 ), l e a s t  f a v o u ra b le  u l t im a te  pH 5 .8  -  5 .9  ( P u r c h ^  ’ ^ ]
u l t i m a t e  pH v a lu e s  > 6 .0  [b e in g  th e  m edian  v a lu e  o f  th e  pH ra n g e  c o n s id e re d  h a z a rd o u s  (T a rra n

4

.W« - ____________________ wide r■Uod a CY0ÏÏAs op p osed  to  th e  m ost r e c e n t  (1991 -1 992 ) s t u d i e s ,  th e  1982-1983 an im a l p o p u la t io n  h
R e s u l t s  and D is c u s s io n

~ ----------  ' ---- ' ri lb ,
g l y c o l y t i c  r a t e s ,  a l lo w in g  f o r  c a l c u l a t i o n  o f  s e v e r a l  i n t e r r e l a t i o n s h i p s .  F ig u re s  l a  an
l a t t e r  s tu d y  a re  g ra p h ic  p r e s e n t a t i o n s  o f  th e  r e l a t i o n  b e tw een  sa rco m ere  l e n g th  and s h e a r

t ^ eil

val“ 65

lo n g is s im u s  m uscle  a t  7 days p o s t  m ortem . c0 eff^C
W hereas i n  s low  g ly c o ly s in g  m u sc le  ( d e f in e d  a s  h a v in g  a  pH3 v a lu e  > 6 .0 )  t h i s  c o r r e l a t i ° ^  (p?.05)’ ^  

0 .7 8  ( p < .0 5 ) ,  th e  c o r r e l a t i o n  was n e g l i g i b l e  f o r  th e  f a s t  g ly c o ly s in g  (pH3 < 6 .0 )  subpop ^  ad ., ^  y / f i  
f i n d in g  s u b s t a n t i a t e s  e a r l i e r  o b s e r v a t io n s  (M arsh e t  a l . ,  1987; S m ulders e t  a l . , 1990, pilc ^ d ic t iflg $  
l a t t e r  s t u d i e s  a l s o  s u g g e s te d  t h a t  e a r l y  p o s t  m ortem  m u sc le  pH (pH3) h a s  some v a lu e  f ° r  V ^  d iip 10 

t e n d e r n e s s  and t h a t  a  m o d era te  p o s t  mortem  pH f a l l  w ould  y i e l d  b e t t e r  r e s u l t s  f o r  te n d e rn e s

,15 7

an e x c e s s iv e ly  f a s t  o r  s low  one .
B ased on t h i s  c o n c e p t ,  in  F ig u re  2 th e  e f f e c t s  a r e  p r e s e n te d  o f  f a s t  v s .  s low  g ly c o ly s t -5

on
10s

driP
t*16 d .o83), ,  19»

V

s i m i l a r l y  e l e c t r i c a l l y  s t im u la te d  b e e f  lo n g is s im u s  u n d e r c o n d i t io n s  o f  f a s t  c h i l l i n g  ( p l an ■s i m i l a r l y  e i e c u i t a n y  itm u i.o i.cv , ----- --------  --------  p te d  i n S pf0

slow  c h i l l i n g  ( p l a n t  A, 1 9 9 1 -1 9 9 2 ). U nder b o th  c h i l l i n g  c o n d i t io n s  f a s t  g ly c o ly s i s  r e s u  re g f”6’
h ig h e r  d r ip  l o s s e s .  As t h i s  e f f e c t  was s i g n i f i c a n t l y  more p ro n o u n ced  i n  th e  s lo w e r  c h i U inS
d é n a tu r a t io n  (E ik e len bo om  and S m u ld e rs , 1986) i s  th e  m ost p ro b a b le  c a u se  f o r  t h i s  phenom

l l l tOur r e s u l t s  a l s o  a l lo w  f o r  t e s t i n g  i f  u l t i m a t e  m uscle  pH to  some e x te n t  d e te rm in e s  th e  u
mate

ten"

F ig u re  1 The r e l a t i o n s h i p  be tw een  sa rco m e re  l e n g th  and W arner B r a t z l e r  s h e a r  f o rc e  
and f a s t  ( F ig .  lb )  g ly c o ly s in g  b e e f  lo n g is s im u s  lumborum m u sc le .

o f  s.10*
( 0

S l o w  g l y c o l y s i s  
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sted v
<tat i0n y d a ta  o f  P u rch as  (1990) and  J e re m ia h  (1 9 9 1 ). As th e  s h e a r  f o r c e  m easu rem en ts o f  th e  1982-1983 
H u jar erS d° ne s l l 6 h t l y  d i f f e r e n t l y  ( c y l i n d r i c a l  sam ples e x c is e d  w ith  a  c o rk  b o r e r  a s  opposed  to  
5ti«ients S t r ip s  ln  th e  more r e c e n t  s tu d y )  and b e cau se  th e  ra n g e  o f  u l t im a te  pH v a lu e s  i n  th e  e a r l i e r
V e exWaS 1 6 3 3  W ide’ We have o n ly  c l a s s i f i e d  th e  d a ta  o f  p l a n t  B (F ig u re  3 ) ;  few m u sc le s  w ith  pH v a lu e s
' l9g2) X cluded b e c a u se  m u sc le s  w ith  a  DFD c h a r a c t e r  a r e  s u b j e c t  to  a b e r r a n t  a g e in g  c o n d i t io n s  (G ee sin k  e t

shi">Vr> in
' vlth

SuPp

F ig u re  3 m arked d i f f e r e n c e s  e x i s t  i n  th e  te n d e rn e s s  o f  m u sc le s  w ith  v a r io u s  u l t im a te  pH v a lu e s .  
les i n  th e  ran g e  5 .8  -  6 .1  w ere s i g n i f i c a n t l y  to u g h e r  th a n  th o s e  in  th e  5 .4  -  5 .5  ra n g e . Hence, 

’° r t  th e  f in d in g s  o f  P u rch as  (1990 ) and Je re m ia h  (1 9 9 1 ).
valu

e f f e c t  o f  g l y c o l y t i c  and e a r l y  p o s t  
° r tem c h i l l i n g  r a t e  on % d r i p  lo s s  o f  
nS iss im u s  lumborum m uscle  a s s e s s e d  
t e r  7 days o f  vacuum s to r a g e  a t  2±2°C.

^  T3 = 31.9 I H i  T3 = 23.9

E i g n e  3 The e f f e c t  o f  u l t im a te  pH24h on W a rn e r -B ra tz le r  
s h e a r  f o r c e  v a lu e s  o f  b e e f  lo n g is s im u s  lumborum 
m u sc le  a s s e s s e d  a f t e r  7 days o f  vacuum s to r a g e  
a t  2 ± 2 °C .

Ü Ü 1  n=14 H H  n=23 É m i  n= 15 \ I n=10

pH3 > 6.0
5.7

Ultimate pH

th e  p H /te m p e ra tu re  in v e n to r y  a r e  g iv e n  i n  F ig u re  4 . A lth ou g h  b o th  s l a u g h t e r p l a n t s  u sed  
=m 1 a t l ° n ’ th e r e  was a  l a r Se v a r i a t i o n  in  th e  sp eed  o f  pH d e c l in e ,  m easu red  as  pH a t  45 m in and 3 
i n d - ^ 1̂  ° f  ^  V a r i a t io n  ca n  be exPl a in e d  by d i f f e r e n c e s  b e tw een  th e  s l a u g h t e r p l a n t s ,  b u t  even 
^  lv id Ua l  s l a u g h t e r p l a n t s  a  l a r g e  v a r i a t i o n  was o b s e rv e d . D if f e r e n c e s  in  c o n d u c t iv i ty  o f  th e

6m

a r g e ly  e x p la in  su c h  v a r i a t i o n s .

Sy iCati0n * r---
S,, o r  th e  c u r r e n t  s i t u a t i o n  i n  The N e th e r la n d s .  I t  i s  an  a t te m p t  to  e s t im a te  th e  e f f e c t s  on

'0i r" ' - '’ ‘

th e  p H /te m p e ra tu re  p r o f i l e s  f o r  b o th  p l a n t s ,  a s  w e ll  a s  th e  ’o v e r a l l ’ p i c t u r e ,  w hich may s e rv e
1 ------ WL1c m ~  -I.

t t y  o f  c e r t a i n  p H /te m p e ra tu re  c o m b in a tio n s , e n c o u n te re d  in  com m ercia l b e e f  p r o d u c t io n

I.25

The
pb/ te m p e r a tu r e  p r o f i l e  o f  1 ,18 0  be t

Ses a t  v a r io u s  t im e s  p o s t  m orten
red  in  2  b e e f  p r o c e s s in g  o p e r a t io r
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T ab le  1 An a n a ly s i s  o f  p o t e n t i a l  r i s k s  f o r  m eat q u a l i t y
b a se d  on a p H /te m p e ra tu re  in v e n to r y  in  2 p l a n t s  
w ith  d i f f e r e n t  i n i t i a l  c h i l l i n g  r a t e s .

Moderate
initial chilling 
plant A (n-400)

Fast
initial chilling 
plant B (n-780)

Pooled
population
(n-1180)

Muscle pH 45 min .6.5 6.5 6.5
3 h 5.9 6.2 6.120 h 5.6 5.6 5.6

Temperature (*C) 45 min 38.8 39.8 39.4
3 h 32.5 28.8 30.220 h 5.9 4.3 4.9

Risk subpopulation (%)
- Cold shortening 0 6 4
- Heat shortening 0.5 5.9 4.1
- Excessive drip 44 22 30

(protein dénaturation)
- pHult range 5.8-5.9 7 19 15
- DFD condition 2 5 4
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The v a r i a t i o n  in  te m p e ra tu re  d e c l in e  can  be l a r g e l y  e x p la in e d  by d i f f e r e n c e s  b e tw een  th  
th e  d i f f e r e n t i a l  c h i l l i n g  r a t e  b e in g  a  m a jo r f a c t o r .  The ’ r i s k  a n a l y s i s ’ showed t h a t  e l e c t  
p r a c t i c a l l y  e l im a te s  th e  r i s k  o f  c o ld  s h o r te n in g  u n d e r b o th  c h i l l i n g  re g im e s . T h is  c o n c lu s io n  
by th e  sa rco m e re  le n g th s  m easu red  i n  th e  two more e x te n d e d  d a ta  s e t s .  R ig o r ( h e a t )  s h o r t e n i n g ^ ^  ^

is  cor***
[ob^ .

r e c e n t  e x p e r im e n ts  w ith  s lo w ly  c h i l l e d  s t im u la te d  v e a l  to  b e  more th a n  a  t h e o r e t i c a l  r i s k  (SmU
imals from th®

L aack , u n p u b l is h e d ) ]  m igh t o c c u r  in  4 .1  % o f  th e  p o p u la t io n .  Y e t, in  none o f  th e  1 ,1 8 0  an cO0i
1983 and 1991-1992 p o p u la t io n s  w h ich  e x h ib i t e d  th e  a fo re -m e n t io n e d  r i s k f u l  p H /tem p e ra t that f«5'tf ;8[

sa rco m e re  le n g th s  in d ic a t e d  e x c e s s iv e  m uscle  c o n t r a c t i o n .  R isk  a n a ly s i s  f u r t h e r  m d i  ^ . ^ l a i ^par t i c'g l y c o l y s i s  in d u c e d  by s t i m u l a t i o n  m a rk e d ly  in c r e a s e s  th e  r i s k  o f  p r o t e i n  d é n a tu r a t io n ,  a d A e• a t  .

vr
i  f*c

m o d e ra te  c h i l l i n g  r a t e s  a r e  a p p l i e d  an d , f i n a l l y ,  t h a t  (p ro v id e d  norm al t r a n s p o r t  c o n d i t io n s  
th e  p r o p o r t io n  o f  r e l a t i v e l y  h ig h  pH b e e f  c a rc a s s e s  a p p ro x im a te s  th e  3 and 3.5% r e p o r te d  
s i m i l a r  s u rv e y s  by v an  L o g t e s t i j n  (1965 ) and van  L aack e t  a l . (1 9 8 9 ), r e s p e c t i v e l y .
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