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In troduc t ion
E le c t r ic a l  s t im u la t ion  has been reported to be an e f fe c t iv e  method fo r  improving meat te n d e rn e s s ,^  ^ (
mechanism has bot been f u l l y  e luc idated. The increased rate o f  g lyco lys is  and e a r l i e r  onset or r '£,ySta' 
has been shown to reduce the toughening e f fec ts  o f  cold shortening and thaw r ig o r  (Carse, 1973; w
Hagyard, 1976 and Davey e t  a l . ,  1976). fouf1 “ye"

Since d i f fe re n c e s ' in  tenderness’ not associated w ith  d i f fe rences in  sarcomere length have been.^ t o * 
was suggested tha t  e le c t r ic a l  s t im u la t ion  enhances tenderness by mechanisms other than or in add inCiuo®, ,ah
vention o f  cold shortening (Saveli e t  a l . ,  1977, 1978; Smith e t  a l . ,  1977). Postulated mechanisms et 
s ica l d is rup t ion  o f  muscle f ib re s  (Saveli e t  a l . ,  1978), increased lysosomal enzyme a c t i v i t y  (Uu r
1978) and diminution o f  collagen c ross - l in ks  (Judge e t  al . ,  1980). volta9 trat! i

Most o f  the studies on e le c t r ic a l  s t im u la t ion  c i te d  above involved the app l ica t ion  o f  hign 
ever, a number o f  authors (Jonsson et al . ,  1978; Nilsson et al . ,  1979; Bouton et a l . ,  1980) hav slJggeS 0ns 
a s im i la r  e f fe c t  on pH f a l l  w ith low voltage e le c t r ic a l  s t im u la t ion  techniques, although i t  was fety re
the re s u l t in g  increase in  tenderness was mainly due to  the prevention o f  cold shortening. For sa 
a low-voltage system is  very a t t r a c t iv e  f o r  app l ica t ion  under commercial condit ions.

fety (0i

The purpose o f  the present study was to compare the effect iveness o f  a high(300 V) and 1 ° ^ t0 
tage ea r ly  post mortem e le c t r ic a l  s t im u la t ion  under cooling cond it ions ,  which were supposed not 
cold shortening.

were.®
Material and Methods

Twenty-four b u l ls  o f  the Meuse-Rhine-IJssel (M.R.Y.) breed o f  approximately 1J years o f  age, haCi 
signed to each o f  the fo l low ing  treatments. Eight animals were stimulated via the n o s t r i ls  an° uoUs) , ei  t  
a t e l i t y  a f t e r  debleeding (5-10 minutes post mortem) w ith  a low voltage (85 V peak, 14 Hz; cont stiIflula ^  s 
minute, using commercially ava i lab le  equipment (Mitab, Simrishamm, Sweden). Eight animals were an0 ei  
mediately a f t e r  debleeding and decap ita t ion w ith a high voltage (300 V, 50 Hz; impulses o f  “ 4 i|nais s 
in te r v a l )  f o r  a to ta l  o f  \ \  minute v ia electrodes mounted in  the t a i l  and neck region. Eight a ^ 4 '
as untreated con tro ls .

longissimus were determined at 1 , 2, 4> 6’
8 ̂

A O tf '1

The pH and temperature o f  the M. adductor and M 
post mortem at about 2.5 cm below the surface.

. -t the “ ¡ny
At 24 hrs post mortem samples o f  approximate 800 gram were removed from the longissimus a ,o r n 'w 1 

o f  one side o f  the st imulated carcasses and on both sides o f  the contro l carcasses. From f ] ve te mea5V  
buted locat ions on the exposed cross section o f  the muscle, samples were co l lec ted  f o r  re p l1 c^arTlples 
o f  sarcomere length , using the laser  d i f f r a c t io n  technique described by Voyle (1971). Muscle ^
weighted, vacuum-packed and stored at 2°C. V l'eh»af

At day 7 post mortem d r ip - lo s s  and colour (Hunter photometer; L, a and b values) w e re 1 samP1eSf0r 5 
samples were heated in  a waterbath u n t i l  a centra l core temperature o f  70°C was reached. The used r ^
in a long itud ina l d i re c t io n  using a mechanical ly dr iven borer. From each sample ten cores wer g ^  
force measurements, using a Warner-Bratzler operating head mounted in  an Instron Universal ferenC . / .

ximum shear force was expressed in kg/cm2 . S im i la r ly  prepared cores were used in Pr  p] «;Peak o r  maximum shear force was expressed in kg/cm^. S im i la r ly  prepared
f o r  tenderness by a t ra ined  10-member tas te-pane l.  availaU‘vai'1

Data were subjected to a one-way analysis o f  variance, a f t e r  per carcass averaging or <* the v 
measurements. Differences between treatments were tested using t - te s ts  on a pooled estimate „a
carcasses w i th in  treatments. nt .  W1'h

For the preference tes ts  blocks were formed cons is t ing  o f  one carcass from each treawic Eacn- 1  ̂W 3
block paired comparisons o f  c o n t ro l ,  low and high voltage samples were made by the ^as^erEaT ”avera !̂v(ay f  
samples was ranked and scored (scale 1-10) by each panel-member f o r  tenderness. The wel9h t®°del two ^  , 
blocks o f  the d i re c t  and in d i re c t  estimates o f  each d i f fe rence  were subjected to  a random m fo(. tn -3nc 
ly s is  o f  variance, the two c r i t e r i a  o f  c la s s i f i c a t io n  being blocks and panel-members. A tes 0f  v* $lys is  OT variance, crie lwu t r i t e n a  ui t i a s s n  i t a u u n  ucmy u iuv,^
value o f  each d i f fe rence  was obtained by c a lc u la t in g  the appropria te combination o f  compone ^
blocks, panel-members and residual variance. and t ° c

The s t a t i s t i c a l  analysis  o f  the data was based on well  known general methods (Snedecor

Results and Discussion

Table 1 presents the means o f  carcass cha rac te r is t ic s  and measurements fo r  the various grouPs ' 
d i f fe rences were found between the groups.

No i f "

Table 1. Means fo r  carcass t r a i t s .

T ra i t Low voltage High voltage Control S.E. o f  i

Warm carcass weight (kg) 333 324 326 9

Subcutaneous f a t  cover 
score (scale 1-5)

2.91 3.00 2.92 .14

Carcass muscling score 
(scale 1-5)

4.05 3.96 3.84 .14
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ï®sults
mUs ^ jon 9i"oup exh ib ited  post mortem dark, f i rm  and dry (DFD) meat w ith  an u l t im ate  pH o f  6.9 in  the 

frotf, Since th is  condit ion considerably influences the various parameters under in v e s t ig a t io n ,
s animal were excluded from the ana lys is .

£^3nd temperature data f o r  longissimus and adductor muscle.

%

Time
Post morten 
|hr)_

pH Temperature

n Low
voltage

High
voltage Control

Low
voltage

High
voltage Control

1 a*5.96a 6.02a 7.08b 37.2a 38. lb 37.1a
2 5.81a 5.71a 6.68b 32.1 32.6 31.7
4 5.69a 5.65a . 6.19b 23.8 23.5 24.2
6 5.69a 5.61a 5.99b 18.1 19.0 18.4
8 5.66a,b 5.59a 5.80b 14.9 15.1 14.8
24 5.66 5.61 5.68 3.4 3.0 3.1
1 5.96a 6.05a 6.86b 38.9 38.7 38.3
2 5.64a 5.79a 6.45b 32.7a ,b ■ 33.9a 31.7b
4 5.63a 5.60a 6.01b 27.4 27.4 26.3
6 5.57a 5.52a 5.34b 22.5 22.4 22.5
8 5.53a 5.49a 5.68b 18.7 i 9.2 19.5

__ 24 5.54a 5.52a 5.58b 6.9a ,b 6.6a 7.6b
Wlth d i f f e re n t  superscr ip t  d i f f e r s ig n i f i c a n t l y  (P < 0.05)

leans

S S  Sf
S J l  t h tllriLi la t i
V . l y  5 longis ■ methods resu lted  in  a s ig n i f i c a n t l y  more rapid pH f a l l  during the f i r s t  8 hrs post mortem, 

The Snmus and adductor muscle. At one hour post mortem, pH in  the st imulated carcasses was appro- 
V fc  secant jj.PJ o f  the adductor muscle was also s ig n i f i c a n t l y  lower at 24 hrs post mortem. At a l l  times 

* Pos^nif i c ani r erences were observed in  pH values between both groups o f  s t imulated carcasses. In some in -  
lli ^Ortprn t  y h igher temperatures were recorded in  muscles o f  st imulated carcasses during the very 
y i s a nat io n 0Peri°d.

 ̂ The resu l ts  o f  pH and temperature measurements show tha t  in the contro l animals the average

Ns is"co and adrfW 6-0 a t  6 hrs Post mortem> while the temperature at tha t  time w_as s t i l l  18 and 22°C in the 
' k j t  i » ' ( i . ' j | c to r  muscle, respec t ive ly .  Accepting Bendall 's  (1972) descr ip t ion  o f  cold shortening condi- 

.4 i.Thesg a . mPerature below 11°C before the pH has fa l le n  below 6 .2 " ) ,  cold shortening should not be 
\  11 tain ru le i"13̂ 5 ' In f a c t > when extra po la t ing  to 10 hrs post mortem, mu. c le  temperature conditions 
\ t]0f th 6  ̂ the Sre reached which ensure an optimum tenderness, according to the same author.

*  st i !  ^°r'giss^eSu^ts  °T sarcomere leng th ,  co lou r ,  d r ip ,  cooking loss and maximum shear force measure- 
^ 8, ™û ated Slnius samples, are reported. No s ig n i f ic a n t  d if fe rences were observed between low and high 

■f >■ Samples in  any o f  these c h a ra c te r is t ic s .

on9issimus muscle t r a i t s .

Low voltage High voltage Contrv ; j .E .  o f  d i f fe rence
1.63a 1.61a 1.43“ .06
2.76a 2.76a 1.77b .25

32.0a 33.2a 29.7b 1.4

14.6a 14.9a 13.4b .6
7.3a 7.7a

h
6. r .6

26.1a 25.8a 2 1 . 4b 1.3

4.59a 3.87a 5.77b .42

was found 
W n o !xpected fo r

to be s ig n i f i c a n t l y  shorte r in  contro l than in  st imulated carcasses, an obss-r 
f o r  reasons mentioned above.

V fJ°Ss ?Pai“eti w i . ^ z l e r  maximum shear force values were indeed s ig n i f i c a n t l y  lower in  the stimulated 
X  vath tbe con tr° l  samples, e le c t r ic a l  s t im u la t ion  also resu lted  in  a one percent increase

^  of s to ra3e from 1-7  days P°s t  mortem and a 4.5 - 5 per cent increase in cooking loss
V aMea, Sanipies1^Ti'pulus colour measurements w ith  the Hunter apparatus show higher L, a and b values 

 ̂ the r P 1 ildl'c a t in g  tha t  the treatment resu lted in a b r ig h te r  red co lour o f • the meat.
Pai"aSons Sli  Ts o f  the taste-panel tes ts  are summarized. The c r i t i c a l  leve ls  re fe r  to  one-sided 

o f  stimulated w ith  contro l carcasses.
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Table 4 . Results o f  tas te  panel te s ts .
Comparison Estimated preference 

f o r  1st treatment S.E. P*
Estimated d i f fe rence 
in tenderness score S.E. P*

Low voltage vs .con tro l 73% 8% .01 + .72 .23 .01
High voltage vs.contro l 65% 8% .05 + .56 .25 .04

Low voltage vs.high voltage 58% 9% .38 + .16 .20 .46

*  one sided a l te rn a t iv e  fo r low voltage vs. contro l and high voltage vs. c o n t ro l .
si i5W j

When ranked and scored fo r  tenderness both low and high voltage s t imulated samples were found t o f %  $  
i c a n t ly  super ior  to contro l samples. In t o t a l ,  low and high voltage samples are estimated to be 

contro l samples in 73% en 65% o f  a l l  preference te s ts ,  respec t ive ly .  No s ig n i f ic a n t  d ifferences were f  
tween the two Stimu 1 a t ion  mp-HnoHc in  i^anL'-inn in' c /~ /-»v» -i m n An +-U« ^ . c _____  j__. _ r.tr'¡c»1tween the two s t im u la t ion  methods in ranking or scoring in r the preference tests^

The resu l ts  presented here suggest tha t  the e f fe c ts  o f  ea r ly  post mortem high and low voltage eleC 
s t im u la t ion  on various meat q u a l i t y  c h a ra c te r is t ic s ,  inc lud ing tenderness, are not d i f f e re n t .  ‘

c D ^ Z tHjt17“ " r r  cr iaracLerisc ics, inc lud ing tenderness, are not d i f f e re n t .  Atic
Although the resu lts  o f  pH and temperature measurements suggest an absence o f  cold shortening cf '  ¿e, 

a lower sarcomere length was found in the muscles o f  the contro l animals. A possib le explanation ,|.
the rate o f  temperature decline in the longissimus, although r e la t i v e ly  slow, s t i l l  exerts some shorter^..gt 
e f fe c t  in  the con tro l animals. Support f o r  th is  assumption is  found in  more recent experiments (Smu1d® 
data to be published) in which, under cooling condit ions s im i la r  to those in the present experiment. ° ^eP' 
cant e f fe c t  o f  high voltaqe e le c t r ic a l  s t im u la t i  nn nn tp n H p V 'n O C C  UIJJC C h n u m  nw -t-krx M 1 r r - im ilC  .  M* j

;ii>,‘

^  4/  *  u • u '  -.1 ..... Vs . , ! 511,11 1 dr w  tnose in  xne present experiment
cant e f fe c t  o f  high voltage e le c t r ic a l  s t im u la t ion  on tenderness was shown in the M. lonqissimus, 
braerm and M adductor. However, no co inc ident e f fe c t  on sarcomere length was observed in the la t te r  
muscles. I he d i f f e r e n t ia l  ra te  in Dost mortem temoerature Her-1 i np hptwpcm f  ho wav'inup mnr/'l ae flS 1
------ ... . ... ««uuuuui. iiuwcvci , MU uu 1 nciaent e n e c t  on sarcomere length was observed in the ia i
muscles. The d i f f e r e n t ia l  ra te  in  post mortem temperature decline between the various muscles, as 
in  tab le  2 fo r  the longissimus and adductor muscle, might possib ly expla in these c o n f l i c t in g  results*
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