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Cjtioni l ° n.can be stimulated in  post-mortem muscles by the app lica tion  o f an e le c tr ic a L v“ i ^ 1 v s i s ’ is 9 “  
rvia.H erT̂ains above 6 3 and ATP is  present; energy is  expended and the whole process of g y y 

^ 5  ^  This principle^has^beenPu ti l is e d  in  Z  Zealand to  allow the rapid f r e e z e  o f lamb carcasses
^ old-shortening.
h3orPmIication of e le c tr ic a l s tim ula tion to the beef carcass has been found to  accelerate the onset of 

' r t ls  by about 8 hours and conditions fo r  various p rac tica l applications have been defined.

' ' X l
LATI0N ELECTRIQUE DE LA CARCASSE DE BOEUF ET SON APPLICATION PRATIQUE

'  e t D.N. RHODES

Seai”ch In s t i tu te ,  Langford, Royaume Uni.

1 > 
ProctemPsCQ?l°n1cles. muscles des carcasses peut ê tre  stimulée par l ‘ application d un voltage e^ectrique aussi

N ê l ^  Je l a ^ o l y s e  I s Î a c c é l é î I ^ ^ S r i n c i p e T l t f u t i l i s é  en Nouvelle pour Permettre la
0i,s n raPide des carcasses d ’ agneau sans le  raccourcissement provenant du fro id .

h5iÎ° ë UVX e  l ’ app lica tion  de la  stim u la tion  é lectrique  aux carcasses de boeuf ® ^ n^ t 1| J eS é f i Î ie ^  
adaveriqUj de 8 heures environ et des conditions de d ivers usages pratiques ont ete d e fin ies .
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DIE ELEKTRISCHE STIMULIERUNG DES RINDKORPERS UND DEREN PRAKTASCHE ANWENDUNG
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Meat Research In s t i t u te ,  Langford, G roßbritannien.

stinnü11
Das Zusammenziehen kann bei post-mortem M uskulatur durch d ie  Verwendung e ine r e le k tr isch e n  Spannung 
werden, solange der pH-Wert über 6,3 l i e g t  und ATP vorkommt; Energie kommt zum Wirken und der ganze rep
Glycolyseprozeß w ird  besch leun ig t. Dieses P rin z ip  wurde in  Neuseeland verwendet, um das schne lle  t  
von Schafschlachtkörpern ohne K ä lte kon tra k tion  zu ermöglichen.

r!

Es s te l l t e  s ich heraus, daß d ie  Verwendung der E le k tro s tim u lie ru n g  des Rindkörpers das E in tre te n  der dungeh 
Totensta rre  um etwa 8Stunden besch leun ig t, und d ie  Bedingungen fü r  d ie  verschiedenen praktischen an 
wurden d e f in ie r t .

3JIEKTPMECKA5I CTHMyjgilHa MaCHCÜ TYIIIM fl IIPAICTiTOECKOE nPVDIElIEtLIE

Rx. P EEHÄAJIJI z Ä .H . POÄC

H ccJ ie j*B aT e j[iC K H ß  hhcthtjtt m* ch* 0 np*MHauieHH*cTZ, la H n J io p i,  BeazKaöpzTaHHH.

CaicpaneHHe nacMepTHHX MHim M *ie T  ö h tb  cT Z M ya zp*sa n* npzMeHeHzeM 3 a e K T p z z e c ic *r*  * •  
npz t * m y c T * iz z ,  z t *  »T: ö y je T  »iime 6,3 z n p z c y T c iy e T  AT?; s n e p rz a  z c T p a z z ia e T c a  15 

npanecc  ra z K o a z c a  y cK o p a e T ca . B Hosoft 3e.aaH.zzz npzüeH aaz otot  npzHHzn aaa öHcTP*r# 

3aM *paxzBaHza Maca M *a *,z » r*  öapaioca 6e3 coicpameHHa 3 3aMopoxeHHOM c o c t o h h z z .

ne-1“

n«cMeP'OöHapyxeH®, z t ® npzMeHeHze aaeK Tpzzecicc ii cTZM yaazzz mhchnx  Tym ycioopaeT H azaa* 

*K *zeH eH za Ha 8 zac® », z  enpeaeaeHH ycaoB za  aaa pa3HHx npaxT zzec iczx  npzMeHeHHÜ»
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El
ar'dCnlZual s tim u la tio n  o f  beef carcasses as soon as poss ib le  a f te r _s laugh te r was f i r s t  suggested by Harsham 
aPpa
Ünti . ______ ______ g___ ___________ g ____
(ChrA 2ui te re c e n tly , when, in  New Zealand, i t  was developed fo r  use in  lam b-slaughtering a b a tto irs  

Ta ll and Hanua>-ri 1Q7

ia r!t i era9a ' ( :i,9 5 lT a s Ua m eans 'oK acce le ra t.ing 'the  post-mortem f a l l  o f'pH  and the onset o f r ig o r ,  w ith  the 
Until ¡^ .J d d it io n a l advantage o f ten de ris ing  the meat. The process had not^found commercial^ a p p lic a tio n

and Hagyard, 1976). New Zealand workers have a lso  stud ied the process in  beef carcasses, m ostly 
 ̂ 0 °u t as sides w ith in  50 min o f s laugh te r (Davey, G ilb e r t  and Carse, 1976).

aP P l of  the d e s ir a b i l i t y  o f s tim u la tin g  lamb carcasses before dress ing, C h ry s ta ll and Hagyard (1976)
the vo ltage v ia  one e lectrode  con tacting  the fleece  in  the middle o f the back and a p a ir  o f e lectrodes 

UOOO^the shackles on the h in d -le g s . Because o f the high res is tance o f the fle e ce  very high voltages 
Mtho„nL00v) were necessary. S im ila r voltages were a lso  employed by Davey e t al (1976) fo r  beef s ides ,
Ug$  ̂ as we sh a ll show th is  is  unnecessary i f  e lec trodes are attached to  the neck reg ion and the hind- 
, lC ,f - a lso Carse, 1973).

'n bothW° rk reported here we have in ves tig a te d  the e f fe c t  o f vo lta ge , frequency o f pulses and pulse d u ra tio n , 
sUuaht 1nta c t,  undressed carcasses immediately a f te r  s laugh te r and in  dressed sides w ith in  60 min o f 
N  a * >  S tim u la tio n  was v ia  two e lectrodes o f one p o la r i ty ,  attached to  wet po rtion s  o f the severed neck, 
the ga the r pai r  0f  opposite p o la r ity ,  attached to  muscles ad jacent to  the A c h ille s  tendons. The p o la r ity  o f 
 ̂ Erodes was reversed each 30s o f s t im u la tio n .

carcasses responded to  pulse frequencies o f less than 10 Hz by con tra c ting  more o r less v ig o ro u s ly , 
Tght , 9  on the vo lta g e , in  tim e w ith  the pu lses. At voltages above 200V the f r o n t  lim b is  extended a t 
N t i ^ e s  to  the body-axis , and the neck reg ion o f the hanging carcass r ise s  about 20_cm from i t s  re s t 

Duu' 0n cessation o f s t im u la t io n , the carcass re laxes com plete ly to  i t s  re s t p o s it io n . Increasing 
ih it®  f r e 9uency above 12 Hz, leads to  fus io n  o f in d iv id u a l muscle tw itche s  in to  a te tan us , so th a t a f te r  

^S itin -.19]  a rching o f the back and extension o f the f ro n t  lim b , the carcasses remain s t i l l  in  the contracted 
j  w ithout v is ib le  muscle f i b r i l l a t i o n ,  w h ile  s tim u la tio n  is  proceeding.

c')P tra i^ on o f dressed sides re s u lts  in  a fa r  more vigorous physica l response, because o f the absence o f 
-1olentl . 1 muscles t0  act as support. The in te rc o s ta l and longissim us do rs i (LD) m uscles^contract^C©S: the side f a l l s  back ra p id ly  to  i t s  re s t p o s it io n  oncausing the side to  bend outwards and upwards;
> ° n o f s tim u la tio n . 
rabie i
N u e n rShows tha e f fe c t  o f s tim u la tio n  on the pH f a l l  on 3 major muscles a t varying vo ltage  and a constant
°Mii,umCy ° f  25 Hz ( to ta l pulses (S) = 3000), on an undressed carcass a t 12 min a f te r  s la ug h te r. The 

(P H Y !!ect was obtained a t 700V, when the pH f a l l s  during s t im u la tio n  to  about 6.25 from the i n i t i a lPH N ' ______ _ oota incu ................... _  __________ ,  ___________  ..
oi ° f  about 7.10. This represents the fo rm ation  o f about 50 ymol la c ta te /g  muscle during the 2 min

” s t im u la tio n  o f  undressed beef carcasses w ith in  15 min o f s la ug h te r. _ The e f f e c t_o f vo ltage
requenc\! fa l1  in  th ree major muscles, (LD = longissim us d o rs i;  BF = biceps fem oris ; TB = tr ic e p s  b ra c h n ) . 
S = nwy -o f s tim u la tio n  = 25 Hz; du ra tion  = 2 m in, w ith  reversa l o f p o la r ity  each 30s. pH -  i n i t i a l  pH, 

immediately a f te r  s t im u la t io n ; pHp = f in a l pH a t 48h a f te r  s la ug h te r. Ambient temp -  16 .

Parameter Voltage Peak
amps

PHn 0 - 700 

0 -  700

LD

7.06

5.50

7.03
7.00
6.33
6.23

BF

7.15

5.49

7.09
6.72
6.30
6.30

TB

7.14

5.49

Time (h) 
to  pH 6.0

Time (h) 
to  pH 5.7
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s tim u la t io n , corresponding to  a tu rnove r o f ene rgy-rich  phosphate (~P) o f about 100 ym ol/g . In unstim ulat 
carcasses th is  f a l l  in  pH takes about 6 hours a t an ambient temperature o f 16°. The pH had fa l le n  to  6.0 
w ith in  l . l h  o f s laugh te r and to  5.7 w ith in  2h o f s la ug h te r, equ iva len t times a t 16°C being 7 or 9 hours 
w ithou t s t im u la tio n . A t pH 6, 50% o f the i n i t i a l  re s tin g  content o f ATP (6.4 m ol/g) had disappeared ana 
a t pH 5.7 more than 90%. Rapid coo ling  o f muscles to  2° can be s ta rte d  w ithou t danger o f  co ld-shorten ing 
as soon as pH 6 is  reached, and rap id  freez ing  w ith ou t danger o f thaw -con tractu re  as soon as pH 5.7 is  
reached. In the case o f the stim u la ted  carcasses (700V), rap id  coo lin g  can th e re fo re  be begun a t l . l h  
a f te r  s la u g h te r, and rap id  freez ing  a t 2h.

The s t im u la tio n  o f dressed sides was begun, in  our experim ents, a t 0.85h a f te r  s la ug h te r. At 700V, 25 Hz. 
app lied  fo r  2 m in, the tim e from s laugh te r fo r  the pH o f the major muscles to  f a l l  to  6.0 was 2.2 to  3 .»n 
and fo r  them to  f a l l  to  5 .7 , i t  was 3.2 to  4 .9h , representing a saving o f tim e , compared w ith  unstim ulate 
carcasses, o f 5 to  7.5h. The savings are not as g reat as w ith  the stim u la ted  undressed carcass, mainly 
because o f the i n i t i a l  de lay before s tim u la tio n  o f 0.85h, and p a r t ly  because o f the somewhat lower ra te  “ 
pH f a l l  in  the p o s t-s tim u la tio n  pe riod .

SUMMARY

Optimal e ffe c ts  are obtained by s tim u la tin g  carcasses, e ith e r  in ta c t  o r as s id es , a t a vo ltage o f 7 0 0 V, 
pulsed a t 25 Hz to  avoid in d iv id u a l muscle tw itche s  which cause rythm ic con tra c tion s  o f the carcass.
A minimum o f 3000 pulses should be g iven ; increas ing  the number to  6000 pulses produces a very minor .
a d d itio n a l e f fe c t .  I t  is  advantageous to  reverse the p o la r ity  o f the e lectrodes (between severed neck an 
A c h ille s  tendons) each 30s o f s tim u la tio n  to avoid excessive p o la r is a t io n  o f the e lectrode  m etal. 
S tim u la tio n  should begin w ith in  lh  o f s la ug h te r.

The major p ra c tic a l advantage o f e le c t r ic a l s t im u la tio n  is  th a t coo ling  o r fre e z in g  can be s ta rte d  much of
sooner than normal, in  th is  case, ho ld ing space a t temperatures above 10°, necessita ted by consideration
c o ld -sh o rte n in g , is  reduced to  a minimum, a con s ide ra tion  o f major importance in  a b a tto irs  handling h i9n
throughput o f  lamb, and rap id  coo ling  brings w ith  i t  a considerab le reduc tion  in  weight loss due to  .n1’ng
evaporation o f  water from the carcass. P a r t ic u la r ly  im portant in  our op in ion is  the p o s s ib i l i t y  o f con® , 
s tim u la tio n  w ith  the hot deboning technique, p re fe ra b ly  in to  s in g le  muscles, because then complete c0 . ¡/¡ati0" 
o f the post-mortem biochemical and physica l changes is  w ith in  grasp fo r  the f i r s t  tim e , by simple man]Pul 
o f the coo ling  procedure. Hot deboning is ,  in  fa c t ,  f a c i l i t a te d  a f te r  s t im u la t io n , because the meat i s 
p a r t ly  set in  r ig o r .

rap’d;e
A possib le  disadvantage o f the method a rise s  from the very fa c t  th a t the pH f a l l  a f te r  s tim u la tio n  is  s ^  
pH values below 6 can be obtained w ith in  1.5h o f s laughter a t which tim e the temperature in  the deep m̂ sse 
o f the beef round could be s t i l l  above 35°. C onditions o f  low pH and high temperature are p re c is e ly  
which ob ta in  in  the PSE co n d itio n  in  pork where the meat is  pa le , u n s ig h tly  and wet. We have not encoun 
any serious case o f excessive d r ip  loss in  meat from stim u la ted  carcasses, and p a r t ic u la r ly  not when th ^  
technique has been combined w ith  hot deboning. Much o f the meat produced from stim u la ted  carcasses has 
sold to  a lo ca l bu tcher, who reported th a t i t  was o f e x c e lle n t q u a l ity .
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