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meorder to ensure that the lambs were not sufferin

g from stress that might affecq
Ults of the electrical stimulation, and to determine the role of diet, in the

Study of the effect of electrical stimulation (5 V) the lambs were allowed tc

h), during which time they were fed a hormal diet (hay) and an enriched diet
molasses).
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QquflCant differences (P < 0.01)

were found between shear strength (Kramer sheatr
Ay g fnd toughness assessed by a taste panel fo; the stimulated and unstimulate-
the ted the diet of hay. However, no such significant differences were detected
Nﬂe ambs fed the enriched diet of hay and molasses. This suggests the impor

Of diet on the effect of extra low voltage electrical stimulation.




INTRODUCTION

A large amount of research is. currently concerned with electrical stimulation a8 9
means of enhancing tenderness in meat. For a variety of reasons, trials have peern
carried out in recent years using extra low voltage stimulation. Moral et 3%
(1984), studied the effect of electrical stimulation with 5 V on lamb carcasses.an
reported no effect of any kind, perhaps due to the fact that the animals were 1“._
state of stress. Sorinmade et al. (1978) reported that beef carcasses from anl‘
mals suffering from stress exhibited no significant effect after stimulation at 145_
268 V IJn addition, the diet of beef animals was also found to influence the effec
tivenesus of electrical stimulation (Schroeder et al., 1982).

In order to ensure that the lambs used in the present experiment were not sufferl?g
from stress that might affect the results of the electrical stimulation, the electrln
zal stimulation of 5 V employed in this study was applied to lambs that . had bee
allowed to rest and ‘fed a special diet for 72 hours prior to slaughter.

MATERIALS AND METHODS

The samples used in this study were the legs of 12 "merino-entrefino" lambs fat"—e“ed
with a high-growth diet. In order to eliminate any stress possibly resulting t
transportation or other adverse conditions, 6 of the animals were allowed tO ree
‘while being fed a diet of alfalfa hay for 72 hours prior to slaughter. The carCasﬁe
of three of these lambs were electrically stimulated and quick-chilled (E). whi
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those of the other three were quick-chilled without undergoing electrical stlmulatli,
(N). The remaining 6 lambs, which were also allowed to rest but which were fed 28
falfa hay and molasses, were divided into two groups of three, one of which W

juick-chilled after slaughter (MN), whereas the other was electrically stimuld
ocsefore being gquick-chilled (ME).

1kftef bleeding, one leg was removed for quick chilling, and the rest of the ani@ah
'including the skin and viscera, was immediately subjected to electrical stimulati®

{[stimulation was performed using an L ERICK model EE10l1, direct~-current, square‘wavs
'stimulator with the following parameters: 80 V (peak), 5.9 V mean voltage, 21.8
sffective value, pulse duration 5.2 x 10-2 s, 14.3 pulses per second. Electr
stimulation was applied for 2 minutes within five minutes after bleeding.
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The legs were separated from the carcasses and quick-chilled, starting approximateg
30 minutes after slaughter, at the slaughterhouse itself in a tunnel with apb ar
speed of 3 m/s and an air temperature of -1 °C, until the thermocouples at the © ere
mal centre of the legs registered 2 °C * 1 °c. After chilling the samples ew
transported in a refrigerated van to the pilot refrigeration plant at the Instiuﬁr
del Frio, where they were stored in .a cold store at 0 °C * 1 °C with an 2
speed of 0.2 m/s.

The effect of the treatments applied was assessed on days 0 (2 h post-mortem)., 6/ azg
10 of ‘storage by- shear strength (Moral et al., 1984), water holding capaCit '
5224)M. pectineus (Graw and Hamm, 1952), and sensory evaluation (Moral et 3
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Thg degree of significance of these indices was determined by analysis of Varlan
using an F test.

RESULTS AND DISCUSSION

-
The shear strength analysis results (measured using a Kcramer shear cell) are Smmge
rized in Table 1. 1In all the samples tested the shear strength declined with Etoraly
time. In the hay-fed lambs the electrically stimulated pieces were significanﬂw
more tender through six days of storage, though at the end of the storage perio the-
hardness values were similar for both lots N and. E. Such was not the case fOF oy
§amples from the lambs fed hay with molasses, since at no time were there any sid
icant differences between the stimulated and unstimulated lots.
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The water holding capaCLty in the samples from stimulated carcasses tended Foif

;ower than those from unstimulated carcasses (Table 2). Initially there were sig elf

icant differences between lots N and E and ME and N, perhaps due to lower pH o
in the carcasses in the stimulated lots.
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The results of sensory analysis are presented in Table 3. The hardness of the meat

as evaluated by a taste panel tended to decrease with storage time. Stimulated "o,
from lambs fed alfalfa hay only tended to be more tender than the unstimulated me?ed
The juiciness of samples N and E decreased with storage, whereas that of the 10t8 iiy
alfalfa hay and molasses exhibited practically no variation. Overall accep"-f’bll‘L
/as similar for all the samples from all four lots studied.




Tﬁble T

Shear strength of M.

semimembranosus measured usi
shear cell (kg/g)* o e

Days in storage

Sample
0 6 10
25.8% 18.4p 11.35 3
E 18.73 15.58 10.8§
MN 23.5% 12.48 4 14.78
| ME 22.9% 12.98 4 13.68
!

*n. 2
1f {
| Diff:::ent letters in an

Y given row indicate si nificant dif
Ot numbers in any . P e B L s

given column indicate significant differences (P < 0.05)

g
. NE-
A Lots from unstimulated and stimulat i
ed lambs, r t .
M (72 h prior to slaughter) ¢ respectively, fed alfalfa hay
N M
' E. LO '
4 ts from unstimulated and stimulated lambs, res i
{ ' ectively, fed
and molasses (72 h prior to slaughter) P Y, fed alfalfa hay
.
|
|
Table 2. Water holding capacity*
Days in storage (0 °C)
Sample d
0 6 10
66.69%F 57.70% 56.75%
E 61.353 56.769 57.77%
MN 63.44% , 57.159 57.519
ME 60.753 53.96% 55.559
*
mffzerent letters in any given row indicate significant differences (P < 0.05)
®Nt numbers in any given column indicate significant differences (P < 0.05)
Table 3. Sensory analysis of hardness (H), juiciness (J), and overall
acceptability (A)
\\
sample Days. in storage (0 °C)
(H) (3) (a) (H) (3) (a) (H) (3) (a)
X Cv| X Cv] X Cv] X Cv] X Cv] X Ccv] X Ccv] X cv| X cv
N
E 806 1215.2 14|3.5 22|5.4 9/4.6 17|3.8 30}4.6 11}3.2 12|3.8 35
My 4.6 3214.2 23{3.4 =1 4.2 914.8 16|4.2 31|3.8 10{2.8 14|3.9 35
MR 6.2 12{4.6 17(3.4 4413.7 20(/4.4 18|5.2 19]4.0 16(4.4 11|4.4 37
4.8 24 4.4 2314.3 .30]4.6 17{4.1 19}l4.0 16|4.0 2214.6 17l3.6 42
*
’ Step Scale: hardness (1 very soft, 7 very hard); juiciness (1 very juicy,
l 7 not juicy); overall acceptability (1 very good, 7 very poor)
X = mean value; CV = coefficient of variation 7 " ‘




Analysi§ of variance of the objective and subjective hardness (Table 4) indicatd
that stimulation led to significant differences (P < 0.01) between the lots of al a%
fa hay-fed lambs (N and E) but not between the lots of alfalfa hay and molasses-£é
lambs (MN and ME). In the conditions tested the extent of cold shortening did nos
preclnde tenderizing of the muscle during storage (Tables 1 and 3), as in the su@Y
described for beef by Savell et al. (1981). Stimulation-induced differences i
the hardness of lots N and E were recorded through six days of storage, though thel
were npt subsequently observable (Table 1). This inconsistency in the effects
electrical stimulation has been described by other authors. Savell et al. (198U
observed tnat the effects of electrical stimulation did not last through 1ll-day Posr
mortem ageing periods in grain-fed beef, whereas they were apparent throughout @e
entire storage period in the case of forage-fed beef. No satisfactory explana“arl
tor such behaviour has as yet been found. Schroeder et al. (1982) noted ;
elgctr}cal stimulation reduced the shear strength of meat from forrage-finished b€
#while it was ineffective in animals fed a high-energy, grain—finished diet.

The meat from the lambs fed a more energy-rich diet (hay and molasses) was touwwr
than that from the lambs fed only hay. The opposite has been found to be the cas?
for beef (Savell et al., 1981; Schroeder et al., 1982), although in the%
studies the diets were administered over a much longer period of time, and the 3
Eerenceslwere explainable in terms of the intensity of cold shortening. The oxa
present in molasses bring about an increase in oxalate concentration in the ﬂmsc}m
where they may inhibit lactate dehydrogenase (Hodgkinson, 1977), possibly lower’
the rate of postmortem glycolysis, so that cold shortening would be greater in lm@5
fed only hay. Moreover, the oxalates may sequester calcium, resulting in aCidOﬁs
@nd a state of tetanus, with consequent hardening of the muyscle.

rhe results thgrgfore indicate that it would seem to be appropriate to remove Stresi
producing conditions (Moral et al., 1984) and to avoid oxalate-rich diets in K
antemortem period, as they tend to .reduce the effectiveness of ~lectrical Stimula
tion:

1aple 4. Analysis of va..ance for hardness measured using a Kramer shear cel
and hardness and overall acceptability evaluated by a taste pane

Taste panel

Shear
Sanples strength
9 Hardness Overall acceptability
N/E * ok ** NS
MN/ME NS NS NS
kP -<-0-01
T NS = Not significant
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