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INTRODUCTION

Specifications for new beef chillers in the UK now usually include two basic requirements. One is that EEC 
Directives covering Intra-Community trade require carcasses to be chilled to 7 C before shipping or cutting^ 
and the other that this is accomplished within 24 h to provide a quicker turnover and to reduce evaporati 
loss, drip and chiller space.

Unfortunately, such chillers cannot be used to their full potential without endangering meat quality. CooUnS 
carcasses swiftly can cause marked cold shortening of many of the major muscles impairing their tenderness^
As a general guide, cold shortening can occur in any muscle if its temperature is reduced below 11 C befo 
rigor mortis is sufficiently advanced, as judged by its pH value being less than 6.2 (Bendall, 1972). I 
follows that meat nearest the cooling surface of the carcass will be most susceptible to cold shortening,^ 
the expensive loin area likely to cause most concern, especially in lean carcasses where there is litt e 
to provide insulation. Carcasses put straight into a rapid chiller are likely to contain a considerab e 
proportion of meat which has been toughened through cold shortening, and which will remain tougher than 
comparable carcasses cooled more slowly, even after ageing.

Electrical stimulation (ES) of carcasses removes the risk of cold shortening by bringing rigor mortis forw ^  
by 8-10 h. After ES, carcasses can be put into rapid chillers an hour after slaughter and a 24 h turnov 
be achieved without risk of toughening. Apart from the avoidance of cold shortening, improvements in t * 
tenderness and colour of meat have also been reported following application of ES (e.g. Saveli et al_,
George et al, 1980). The extent of the benefits, especially tenderness, is greatly influenced by the co 
rate. With rapid cooling (immediate refrigeration at 0 C or less), there may be little improvement in t
tenderness beyond avoiding cold shortening. With delayed cooling (8 h in air at more than 10 C), signi re
improvements have been demonstrated arising from acceleration of ageing under conditions of high temper 
and low pH.

Y t ÍU*
Encouraged by the potential benefits of ES, MEDAL (Meat Equipment Development Association Ltd.), a conso^^ 
of five British abattoir equipment manufacturers, has developed a unit which has been operating in a rl 
abattoir since late 1979 and is the first on-line automatic ES unit in Europe.

DESIGN

The unit has been designed after research to find the conditions best suited to achieve the rapid onset of^ 
rigor mortis throughout all the muscles of the carcass, including the forequarter. The maximum effect o 
is obtained by stimulating with a high voltage (700 to 1000 v) along the entire length of the carcass as 
as possible after death.

,jgS
In commercial practice, there are difficulties in passing an electric current along the length of the car^ ,t 
until the carcass is on the dressing line and the head has been removed. Stimulation of the carcass â  
has been split into two sides is not practicable due to the violent reaction of the sides and the diffic^ flg 
of maintaining electrical contact. For these reasons, the unit has been designed to operate on the dres 
line before carcass splitting.

A key consideration in the design was that it should be able to operate with complete safety for personne^ g 
particularly under the adverse working conditions of abattoirs, and with reliability which is ensured 
careful selection of materials and the rugged construction of the unit.

Since beef slaughter lines differ, the design took into consideration the need to adapt the apparatus £°r 
varying line systems and speeds.

Electrode design
fr°

To achieve good electrical contact and stimulation along the length of the carcass, the current is Pa shaPe'
the severed neck muscles to the Achilles tendon. The lower electrode is a robust stainless steel Pan^ rCasS 
to contain the severed neck of the carcass, which is raised under pneumatic power until it meets the c 
neck, pre-loading powerful springs which ensure that good electrical contact is maintained throughout ^pp 
stimulation. This system allows carcasses varying greatly in size to be stimulated automatically- •’
electrode takes the form of the two hooks through the Achilles tendon making contact with the ear

e(

thed rai1

Electrical characteristics

The voltage applied across the carcass 
peak voltage is adjustable from 250 to 
from 16.7 to 50 pps.

The
consists of mains derived discrete mono-polar sinusoidal P“lse^-uS tat>ie 
1000 in discrete steps and the pulse repetition frequency is a J
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stimr?e r . t0 ™e e t  B r i t a i n ' s  h igh standards f o r  the s a f e t y  o f  personnel u s in g  these  h igh v o l t a g e s ,  the area  f o r  
!tee] ai 10n iS surrounded by an e n c lo s u re  c o n s i s t i n g  o f  a ca b in e t  o f  aluminium s t r u c t u r a l  tube and s t a i n l e s s  
»M : s h e e t > ro o fed  and enclosed a g a in s t  w ater sp ray  during o p e r a t io n .  The p ro to ty p e  u n i t  which i s  4.2  m long 

approximately  the same h e ig h t  i s  i l l u s t r a t e d  in  the  F ig u re .

^tca
l sses  e n ter  and le a v e  the c a b in e t  v i a  a p a i r  o f  doors a t  each end. I n t e r lo c k s  ensure th a t  ca rc a s se s  cannot 
ict id lmUlated u” l e s s  the doors are c l o s e d ,  and b a r r i e r s  are  used to s top  personnel e n te r in g  the ca b in e t

" t a l l y  while the doors are  °P en - The whole uni t  and r a i l  i s  e l e c t r i c a l l y  bonded to e a r th  to ensure th a t  
tu l  v o l t a g e s  cannot be p re se n t  on the s t r u c t u r e .

V r
at in g  p r i n c i p l e

**ety

t9tl b e ° ! ° tJT eJU!l i t  ia  desd8n ed . to  work on a timed i n t e r v a l  con veyor, but the o p e r a t in g  p r i n c i p l e  o u t l in e d  below
adapted to  s u i t  o th e r  l i n e  system s, such as a continuous conveyor.

ihtrQSSes a9e moved dnto and out o f  the c a b in e t  by a timed i n t e r v a l  conveyor, r e s u l t i n g  in  t h e i r  being 
¡^Dauced in to  an overhead conveyor system a t  f i x e d  s p ace s .  The conveyor moves the c a rc a s s  to each work 
lhe wkere  i t  remains f o r  an i n t e r v a l  governed by c o n tr o l  equipment, the time depending on the speed o f  

oqltle ' For i n s t a n c e ,  i f  the l i n e  i s  working a t  a speed o f  60 c a r c a s s e s  per  hour, there  i s  a t o t a l  time
"Vev minute dn wddch t0 accommodate the work and the movement o f  the c a rc a s s  between s t a t i o n s .  I f  the tineriy°r movement i s  a t  a s a f e  p r a c t i c a l  speed o f  0 .3  m per second and work s t a t i o n s  are 2.4  m a p a r t ,  the 

i n t e r v a l  i s  52 seconds.

V or
m° r e  e l e c t r o d e s  are used, depending upon the l i n e  speed, and are  p laced  i n s id e  the s a f e t y  e n c lo s u r e .

ll>* cSSes are  Brought i n to  the e n c lo s u re  by the conveyor system , the o p era t io n  o f  the doors in te r lo c k e d  w ith
tn labi*Vey° r  co" t r o 1  equipment. The u n i t  and the c o n tr o l  system are pneumatic, t h i s  be in g  s a f e r  and more 

86s le  than e i t h e r  e l e c t r i c a l  or h y d r a u l ic  power. With the  doors s a f e l y  c l o s e d ,  the lower e le c t r o d e / s  
S t g  Up. to  make c o n ta c t  w ith  the c a rc a s s  and the s t i m u l a t i n g  c u r re n t  switched on. A f t e r  s t im u la t io n ,  the 

t i s  sw itched o f f ,  the e le c t r o d e / s  lowered, the door opened and the ca rc a s s  moved to the n ext  s t a t i o n .

he Vo
sec t̂ a 8e ds a p p l ie d  to  the ca rc a s s  in  a s e r i e s  o f  b u r s t s ,  the du rat io n  o f  which may be v a r ie d  from 10 to 

ads. P o l a r i t y  i s  a u t o m a t ic a l ly  re ve rs e d  between b u r s ts  to  avoid p o l a r i s a t i o n  o f  e l e c t r o d e s .  The rest  
V h  al  between B u rsts  can a l s o  be v a r ie d  from 1 to  7 secon ds, as w e l l  as the t o t a l  du rat io n  o f  s t im u la t io n  

Can range from 30 to  90 seconds.

etatlQn o f  p ro to ty p e  u n it

w * 1 designed to  op erate  on a timed i n t e r v a l  conveyor o p e r a t in g  a t  60 c a r c a s s e s  per hour. I t  i s  s i t e d  
d,, ey i s c e r a t i o n  and c a rc a s s  s p l i t t i n g  and, because o f  evidence  i n d i c a t i n g  the d e s i r a b i l i t y  o f  maximising

K J a tio n  o f  s t i m u l a t i o n ,  the u n i t  takes  up two s t a t i o n s .  The v o l t a g e  i s  a p p lied  f o r  a t o t a l  o f  
5ltst ®at e l y  ^9 seconds dn fo u r  equal b u r s t s .  The f i r s t  two b u r s ts  are  g iv en  through the e le c t r o d e  a t  the’ S ta f ' • • * *■w o ’ w-iii. wugu wuc c ic t i iu u c  d L
y c aSs a t ton w ith  an i n t e r v a l  o f  1 second between them during which time the v o l t a g e  i s  r e v e r s e d .  The

un i t then moves w ith  the l i n e  to the second s t a t i o n  and the sequence i s  re p e a te d .  At the time o f  w r i t i n g ,  
Sp°ssible S6t t0 pr.°vide a voltage o f  700 a t  25 pps b u t ,  as noted e a r l i e r ,  the u n i t  i s  f l e x i b l e  and i t

V s

N ,

le  to va r y  these  as w e l l  as the len gth  o f  s t im u la t io n  and the number o f  b u r s t  p er iod s  w ith in  i t .

. to a s s e s s  how w e l l  the ES u n it  i s  a c h ie v in g  the o b j e c t i v e  o f  h a s te n in g  the onset  o f  r i g o r  m o r t is ,  work
t N t E8f Carr i e d  out to  monitor pH in  matched groups o f  s t im u la te d  and un stim ulated  c a r c a s s e s .  P re l im in a ry  
3ntcaSs from t h i s  work are g iv en  in  the T a b le ,  which shows muscle pH v a lu e s  obtain ed  in  fo ur groups o f  t e s t  

®in„ ! S measured a pproxim ately  50 minutes p o st  mortem. The co n d it io n s  o f  s t i m u l a t i o n ,  ap p lied  approxim atelyllhutes a f t e r  s l a u g h t e r ,  were 700 v ,  25 pps f o r  90 seconds.

; f  fche muscles in  the s t im u la te d  c a r c a s s e s  compare f a v o u r a b ly  w ith  the r e s u l t s  obtained by B endall  e t  a l  
W *s th the l a b o r a t o r y , w ith  the e x c e p tio n  o f  the pH o f  M. semimembranosus in  Group 1 which did not f a l l  as 
 ̂ Bat l a t e r  obtain ed  in  Group 4.

( 6 PH
^ e  muscles in  the un stim ulated  c a r c a s s e s  are  lower than those obtain ed  under la b o r a t o r y  co n d it io n s  

',oiedihoIllat^ y pH 7 . 0 ) .  This  may be due to  in cre a s e d  spontaneous c o n tr a c t io n s  o f  c a r c a s s e s  during s t i c k i n g  and 
Under commercial c o n d it io n s ,  and a sm all  amount o f  e l e c t r i c a l  s t im u la t io n  which r e s u l t s  from a low

j »D a pplied  to  s t i f f e n  a l l  c a r c a s s e s  during h id e  removal.

^ if j^ a ses ,  the d i f f e r e n c e  in  pH between s t im u la te d  and un stim ulated  c a r c a s s e s  w ith in  each group were h ig h ly

V > s
h
Of

a t ,  a v e ra g in g  0.4  pH u n it s  over a l l  groups.

3 and 4 th e re  was no danger o f  co ld  s h o rte n in g  in  the muscles t e s t e d  even i f  v e ry  ra p id  c h i l l i n g  
Been employed. In Group 1 ,  however, th e re  was some r i s k  o f  cold  sh o rte n in g  in  muscles in  th in ner

*lfjj Catbe c a r c a s s  ( e . g .  M. p e c t o r a l i s  s u p e r f i c i a l i s ) but th a t  would have been o f  l i t t l e  commercial
anee.
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binary estimates of the cost effectiveness of ES indicate a significant financial advantage. A 
'ouD®re“t1?1 111 favour of ES of £0.022/kg saleable meat has been estimated for an abattoir applying ES

" lth 3 Slmllar abattoir without the facility to stimulate. In making the estimates it has been 
S >  1 tbat the abatt0lr applying ES is handling 1000 cattle per week and chilling to achieve 7°C in the 
^Dat-6? ln 24 h ’ followed immediately by boning and vacuum packing, with ageing in packs for 8 days before 
*eat • The other abattolr is assumed to chill to 7°C over 48 h, followed by boning and ageing of the 
1,0 all° packs for 8 days - Most of the financial advantage given above stems from the saving in weight loss.
*s i °WanCe h3S been made in the nalnnlations for any quality advantages which may also accrue from ES, such 

“‘Proved tenderness and colour.

°st; benefit

% F usion

l)!Per ’^lence so far with the MEDAL stimulator shows that the design aims have been met.>rti ““ L“c sLimuiacor snows cnat tne design aims have been met. The onset of rigor
ls accelerated throughout the carcass and the unit has met the stringent safety requirements of the 

Ut> Veix Hea'*'t:b and Safety Executive. Under the rigours of the abattoir environment, the unit is standing

GiVetl
\  eltbis favourable start, MEDAL is now marketing the equipment and considering further developments involv- 

lectncal stimulation.
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Muscle pH m  four groups of stimulated and non-stimulated carcasses

Stimulated
Group Muscle No. pH Standard

d e v i a t i o n

S teers SM 65 6.49 0.14

 ̂ S teers PS 67 6.54 0.080

2 S teers LD 105 6 .2 1 0.22

Gows LD 19 6 .2 1 0.17

4 Steers SM 8 6.30 0.093

4 Steers TB 8 6.28 0.041

Non-stimulated
No. pH Standard

deviation
Difference Standard 

error of 
difference

77 6.76 0.11 0.27 0.022

79 7.02 0.12 0.48 0.017

86 6.60 0.20 0.39 0.030

19 6.62 0.22 0.41 0.066

8 6.62 0.082 0.32 0.047

8 6.76 0.056 0.48 0.026

%
t“S
ID
IB

M.
M.
M.
M.

semimembranosus 
pectoralis superficialis 
longissimus dorsi 
triceps brachii
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