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The Effect of High and Low Voltage Electrical Stimulation on Beef Quality
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Introduction Ouw “

Electrical stimulation has been reported to be an effective method for improving meat tenderness: alnwWQ
mechanism has bot been fully elucidated. The increased rate of glycolysis and earlier onset of f1995tﬁl’
has been shown to reduce the toughening effects of cold shortening and thaw rigor (Carse, 1973; chry ot
Hagyard, 1976 and Davey et al., 1976). fwnmyf

Since differences in tenderness not associated with differences in sarcomere length have be?n.ontopwj
was suggested that electrical stimulation enhances tenderness by mechanisms other than or in éddwt} chﬁﬂ,
vention of cold shortening (Savell et al., 1977, 1978; Smith et al., 1977). Postulated mechanisms Oﬂeta
sical disruption of muscle fibres (Savell et al., 1978), increased lysosomal enzyme activity (Dut pol” |
1978) and diminution of collagen cross-links (Judge et al., 1980). ) :

Most of the studies on electrical stimulation cited above involved the application of hig
ever, a number of authors (Jonsson et al., 1978; Nilsson et al., 1979; Bouton et al., 1980) hav
a similar effect on pH fall with low voltage electrical stimulation techniques, although it was 5 ty re
the resulting increase in tenderness was mainly due to the prevention of cold shortening. For safet e
a low-voltage system is very attractive for application under commercial conditions. g5 VP

The purpose of the present study was to compare the effectiveness of a high(300 V) and Tow( O,@SMV
tage early post mortem electrical stimulation under cooling conditions, which were supposed not
cold shortening.

Material and Methods ity

an®™. ne®.
Twenty-four bulls of the Meuse-Rhine-IJssel (M.R.Y.) breed of approximately 1} years of age, Wef;agmewﬂo'
signed to each of the following treatments. Eight animals were stimulated via the nostrils and 3 ouS)f%:ﬁ
atelity after debleeding (5-10 minutes post mortem) with a low voltage (85 V peak, 14 Hz; CO”t‘nuimmaﬁ;F*
minute, using commercially available equipment (Mitab, Simrishamm, Sweden). Eight animals were SC aﬂdwww
mediately after debleeding and decapitation with a high voltage (300 V, 50 Hz; impulses of 23 €% g sE

interval) for a total of 1} minute via electrodes mounted in the tail and neck region. Eight animd oh!
as untreated controls. 6, B and
The pH and temperature of the M. adductor and M. longissimus were determined at 1, 2, 4> °° o
post mortem at about 2.5 cm below the surface. glowﬂ”
ish

e 5

At 24 hrs post mortem samples of approximate 800 gram were removed from the Tongissimus at ﬁgmﬂyemw“
of one side of the stimulated carcasses and on both sides of the control carcasses. From five P eds
buted locations on the exposed cross section of the muscle, samples were collected for replicé iwes
of sarcomere length, using the laser diffraction technique described by Voyle (1971). Muscle saf
weighted, vacuum-packed and stored at 29C. min€® ore G

At day 7 post mortem drip-loss and colour (Hunter photometer; L, a and b values) were detenpes_w_y*
samples were heated in a waterbath until a central core temperature of 700C was reached. The SaLsedfohﬂ@
in a longitudinal direction using a mechanically driven borer. From each sample ten cores were ing m“tyﬁ
force measurements, using a Warner-Bratzler operating head mounted in an Instron Universal TeS;ergwe A
Peak or maximum shear force was expressed in kg/cm. Similarly prepared cores were used in preé o114
for tenderness by a trained 10-member taste-panel.

Data were subjected to a one-way analysis of variance, after per carcass averaging 7 o
measurements. Differences between treatments were tested using t-tests on a pooled estimate O ,neﬁg
carcasses within treatments. it i

For the preference tests blocks were formed consisting of one carcass from each treatme”“'gadﬂ Wi,
block paired comparisons of control, low and high voltage samples were made by the taste-pane Q rage’

.13b1€
of aVa*]ae val

y
samples was ranked and scored (scale 1-10) by each panel-member for tenderness. The weighte awetwfw%ml
blocks of the direct and indirect estimates of each difference were subjected to a random mo ey.th94aﬂ“
lysis of variance, the two criteria of classification being blocks and panel-members. A test; £ va! NJ
value of each difference was obtained by calculating the appropriate combination of component? s
blocks, panel-members and residual variance. - codﬂ

The statistical analysis of the data was based on well known general methods (Snedecor 2 v,

Results and Discussion . ggwf |

Table 1 presents the means of carcass characteristics and measurements for the various group&
differences were found between the groups.

Table 1. Means for carcass traits.

. ~encé
Trait Low voltage  High voltage Control s.E. of differel
Warm carcass weight (kg) 333 324 326 9
|
Subcutaneous fat cover 291 3.00 2.92 14 ‘

score (scale 1-5)

Carcass muscling score
(scale 1-5)

4.05 3.96 3.84 .14
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i The
’f,g;s}t”?;m;iof PH and temperature measurements are presented in tabie 2. One of the animals of the Tow
qatam?s musc%gn gt_“oup exh1b1ted.pqst mortem dark, fn“m and dry (DFD).meat with an u]tmate.pH of_6.9'1n the
ro €. Since this condition considerably influences the various parameters under investigation,
‘JEZ. e 1S animal were excluded from the analysis.
“«c\e 2 P and temperature data for longissimus and adductor muscle.
Time pH Temperature
il POSt mortem Low High Low High
5' ‘ "";iisims (hr) voltage voltage Control voltage voltage Control
| 1 1 5.96% 6.0 7.08° e LR L
it | 2 5.81° 5712 6.68 32.1 2.6 31.7
\ 4 5.697 . 5.65%, 6.19° 23.8 23.5 24.2
| 6 5.69° = 5.61%  5,99° 18.1 19.0 18.4
‘ 8 5.66%°° 5.50%  5,80° 14.9 15.1 14.8
| ey, 24 5.66 5.61 5.68 3.4 3.0 2ol
1 5.96° 6.052 6.86° 38.9 38.7 38.3
2 5647,  5.79% . .6.48° gzuydshi ragl gt gy yb
% 5.632 5.60° 6.01° 27.4 2 26.3
6 5.572 5,522 5.34b 2235 22.4 2255
= 8 5,53  5.497  5.68° 18.7 19.2 19.5
i, 24 5.548 5528 5,58 6,9%° - 6.63 760

B Eang W]th dif : 5 3 G y 1
S0t o 1fferent superscript differ significantly (P < 0.05)
N ]ﬂt 1mu] 3
Iy ey, e Top a.t“?n methods resulted in a significantly more rapid pH fall during the first 8 hrs post mortem,
fn g”‘ﬁ - The SImus and adductor muscle. At one hour post mortem, pH in the stimulated carcasses was appro-
U nt .

dq?:H of the adductor muscle was also significantly lower at 24 hrs post mortem. At all times
tg”‘“c o fe*"er)ces were observed in pH values between both groups of stimulated carcasses. In some in-
~0mbin"‘0rt m pe)’_mgher temperatures were recorded in muscles of stimulated carcasses during the very

oy atio rMod

faq Of the results of pH and temperature measurements show that in the control animals the average

i
"fy’ SS
. imus ay beloy 6.0 at 6 hrs post mortem, while the temperature at that time was still 18 and 22°C in th
chn Cop adductq P : i ; b i 2) 4 -m+~ & i : LT
b ™ 1y Pect (v r muscle, respectively. Accepting Bendall's (1972) description of cold shortening condi-
ety ltthEse an-emperature below 119C before the pH has fallen below 6.2"), cold shortening should not be
N tab$nl ru]em‘a]S. In fact, when extra polating to 10 hrs post morsem, mu:cle temperature conditions
Lty th 01 the are reached which ensure an optimum tenderness, according to the same author.

Qgt].e Ongis results of sarcomere length, colour, drip, cooking loss and maximum shear force measure-
;-\11&_1 My 5 21"“13 samples, are reported. No significant differences were ofiserved between Tow and high

N Mples in any of these characteristics.
4Qans

fOr =
longissimus muscle traits.

103 ]e”gth ( Low voltage High voltage Contrjcv.-‘: ‘ ,_E of difference
e 1.63% 1.61° 1.43" .06
Hintg,. 2.76% 2,762 1.77° 25
*alue 376" 33.22 29.7° 1.4
e a n a a b )
Uy = 14.6 14.9 13.4" 6
AN Oss (%) 7:32 7.7° 6.4° .6

& 26.12 25.82 4P

e 6.1 . 21, 1.3
o | ooy %/ cn’) 4.592 3.872 5,77 .42

b ey e Ten
rl‘”\@lthough‘"as ug’éh Was found to be significantly shorter in control than in stimulated carcasses, am obses-
g 35 ¢) Wan ri(geCtEd for reasons mentioned above.
jhe]DSS Z'Dalred Wi’t"ﬁtzler maximum shear force values were indeed significantly lower in the stimulated
'ty ”Eslﬂu”ng o the control samples, electrical stimulation also resulted in a one percent increase
e “]atedts of r'?““F_n storage from 1-7 days post mortem and a 4.5 - 5 per cent increase in cooking 10ss.
" fa\tnahle 4Sammes15_t1mu1u§ colour measurements with the Hunter apparatus show higher L, a and b values
Con, resmdwatmg that the treatment resulted in a brighter red colour of-the meat.
Arigy S “]tS.Of the taste-panel tests are summarized. The critfcal Tevels refer to one-sided
Of stimulated with control carcasses.
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Table 4. Resutts of taste panel tests.

Comparison Estimated preference Estimated difference p¥
for 1st treatment SEn P*  in tenderness score Saks "
Low voltage vs.control 73% 8% .01 .72 .23 -04 |
High voltage vs.control 65 8% .05 +.56 .25 '06
Low voltage vs.high voltage 58% 9% .38 +.16 20 A
* one sided alternative for low voltage vs. control and high voltage vs. control. gw“
w\e 'u“‘.
: L€ "
When ranked and scored for tenderness both low and high voltage stimulated samples were found de}w %;‘
ficantly superior to control samples. In total, low and high voltage samples are estimated to be Pre muﬂ
control samples in 73% en 65% of all preference tests, respectively. No significant differences wer i
tween the two stimulation methods in ranking or scoring in the preference tests. ewcﬁq' [
The results presented here suggest that the effects of early post mortem high and Tow voltagé o |
stimulation on various meat quality characteristics, including tenderness, are not different. ] Conﬁfkwf‘
Although the results of pH and temperature measurements suggest an absence of cold shortenind ©: e
a Tower sarcomere length was found in the muscles of the control animals. A possible explanation M teﬂﬂgtf‘
the rate of temperature decline in the longissimus, although relatively slow, still exerts some Sho]dg%?mf'
effect in the control animals. Support for this assumption is found in more recent experiments‘(smg %”p:
data to be published) in which, under cooling conditions similar to those in the present exp¢r1me“M’trﬁe
cant effect of high voltage electrical stimulation on tenderness was shown in the M. longissimus, tértwo,ﬁ

brachii and M. adductor. However, no coincident effect on sarcomere length was observed in the 1a 1]]Wt”“
muscles. The differential rate in post mortem temperature decline between the various muscles, as ts.
in table 2 for the longissimus and adductor muscle, might possibly explain these conflicting resu
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