
TABLE 4-  E f f e c t s  o f  se x  and t r e a tm e n ts  on body w e ig h t and r e l a t i v e 1v a lu e s  o f1 i  Trr»V» fmií Vi« nv>4- nv>J aL» J .. 1  i   

C h a ra c te r Kean Sex

®ody W eight (g )
Male 1514a

» Fem ale 140Sb
" Iv e r  V/eight (g )

. Male 5 5 .7 3 .7 1 a
Fem ale

h e a r t  W eight (g )
5 6 .3 3 .9 5 b

K ale 9 .8 0 .6 5 a
Fem ale 9 .7 0 .6 9 b

Packed C e l l  Volume (PCV)?S
Male 2 5 .9

.___Fem ale 2 5 .8

.b 3 .41

2 4 . 68

T re a tm en t

3 .4 7
ib

4 .2 6 4 .1 9
ab

2 4 .4 0 c 2 7 .6 0 a  26 .6 5 ;ab

p e r c e n t  body w e ig h t

l i k e  s u p e r s c r i p t s  w i th in a c l a s s i f i c a t i o n  i n d i c a t e  no s i g n i f i c a n t  d i f f e r e n c e

betw een m eans, o th e rw is e  th e y  d i f f e r  s i g n i f i c a n t l y  (P < 0 .0 5 )
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result' ? „ ? * ? * *  V ”^  the lambs were not suffering from stress that might affect!^reSet . ° o£ the electrical stimulation, and to determine the role of diet, in thé
lvSt (72 . l y i°f ■ ®£f®ct.of electrical stimulation (5 V) the lambs were allowed tc
.'S and 1  1 duri?g wblcb time they were fed a normal diet (hay) and an enriched diet!molasses j.

in i )fandntH dl£ferences (p < 0.01) were found between shear strength (Kramer sheaJ
Kn'bs fed th ? 9d Z 8 / r eSSeu by a taStS Panel for the Simulated and unstimulate'i'-ho , ea the diet of hay. However, no such sionî firanf  ̂-i ____  j _ _  _. _ ,- -- uiic huiiiiuiaLea ana unstimulat

laml-Tc 7 "  naF- However, no such significant differences were detected
•e of riiJ,ed enriched diet of hay and molasses. This suggests the imporlet on the effect of extra low voltage electrical stimulation.



INTRODUCTION

A large amount of research is currently concerned with electrical stimulation as
means of enhancing tenderness in meat. For a variety of reasons, trials have bee
carried out in recent years using extra low voltage stimulation. Moral et
{1984), studied the effect of electrical stimulation with 5 V on lamb carcasses ana
reported no effect of any kind, perhaps due to the fact that the animals were in ._
state of stress. Sorinmade et al. (1978) reported that beef carcasses from an*
mals suffering from stress exhibited no significant effect after stimulation at 1’ _
268 V In addition, the diet of beef animals was also found to influence the effeC
tivenesu of electrical stimulation (Schroeder et al., 1982).
In order to ensure that the lambs used in the present experiment were not suffer^a^
from stress that might affect the results of the electrical stimulation, the electr
cal stimulation of 5 V employed in this study was applied to lambs that had be
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 fatten
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 re
while being fed a diet of alfalfa hay for 72 hours prior to slaughter. The carcass
of three of these lambs were electrically stimulated and quick-chilled (E), n
those of the other three were quick-chilled without undergoing electrical stimulati
(N) . The remaining 6 lambs, which were also allowed to rest but which were fed 8 
faifa hay and molasses, were divided into two groups of three, one of which . 
; guick-chilled after slaughter (MN), whereas the other was electrically stimula
cefore being quick-chilled (ME).
|After bleeding, one leg was removed for quick chilling, and the rest of the ani®8*'
'including the skin and viscera, was immediately subjected to electrical stimulati
Stimulation was performed using an L ERICK model EE101, direct-current, square-« ^
stimulator, with the following parameters: 80 V (peak), 5.9 V mean voltage, 21- ^
affective value, pulse duration 5.2 x 10”2 s, 14.3 pulses per second. Electn
stimulation was applied ior 2 minutes within five minutes after bleeding.

lYThe legs were separated from the carcasses and quick-chilled, starting approximate.f
30 minutes after slaughter, at the slaughterhouse itself in a tunnel with an ar-
speed of 3 m/s and an air temperature of -1 °C , until the thermocouples at the the
mal centre of the legs registered 2 °C t 1 "C . After chilling the samples ^  0
transported in a refrigerated van to the pilot refrigeration plant at the Instit ^
del Frio, where they were stored in a cold store at 0 °C t 1 "C with an 8 speed of 0.2 m/s.
The effect of the treatments applied was assessed on days 0 (2 h post-mortem), 6' 0 t
10 of storage by shear strength (Moral et al., 1984), water holding capacity,.,
the M. pectineus (Graw and Hamm, 1952), and sensory evaluation (Moral et- 8 1984).
The degree of significance of these indices was determined by analysis of vat1*using an F test.
RESULTS AND DISCUSSION
The shear strength analysis results (measured using a Kramer shear cell) are sum®®
rized in Table 1. In all the samples tested the shear strength declined with
time. In the hay-fed lambs the electrically stimulated pieces were signif
more tender through six days of storage, though at the end of the storage peri°^
hardness values were similar for both lots N and E. Such was not the case to* 
samples from the lambs fed hay with molasses, since at no time were there any si911 
icant differences between the stimulated and unstimulated lots.
The water holding capacity in the samples from stimulated carcasses tended ^  •£*

lower than those from unstimulated carcasses (Table 2). Initially there were sig gjs
icant differences between lots N and E and ME and N, perhaps due to lower pH 1^^in the carcasses in the stimulated lots.
The results of sensory analysis are presented in Table 3. The hardness of the
as evaluated by a taste panel tended to decrease with storage time. Stimulated ® t, 
from lambs fed alfalfa hay only tended to be more tender than the unstimulated n’e êiJ 
The juiciness of samples N and E decreased with storage, whereas that of the
alfalfa hay and molasses exhibited practically no variation. Overall acceptab1 . 
/as similar for all the samples from all four lots studied.
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MN- me

Sample Days in storage
0 6 10

N 25. aj 18.4$ 11*3S,3E 18.7f 15.5$ 10.8$MN 23.5| 12.4 ^ 4 14.7$ME 22.93 12-95,4 13.6$

O ^ h ^ r t o ^ a u g h t e r r  StimUlated l->". respectively, fed alfalfa May

S d \ o Î a L e r f 7 r Î ap r L r t o 8sîâüght«)lambS' resPectively< *•<» alfalfa hay

Table 2. Water holding capacity*

Sample
Days in storage (0 •c)

0 6 10
N 66.69f 57.70$ 56.75$
E 61.353 56.76$ 57.77$
MN 63.44f(2 57.15$ 57.51$
ME 60.75| 53.96$ 55.55$

in any given row indicate significant differences (P < 0.05)
nt numbers in any given column indicate significant differences (P < 0.05)

Tabie 3. Sensory analysis of hardness
acceptability (A) (H), juiciness (J), and overall

4ttlPle

M
E
Mu
Me

Days in storage (0 °C)
(H) (J) (A) (H) (J) (A) (H) (J) (A)X CV X CV X CV X CV X CV X CV X CV X CV X CV

6.6 12 5.2 14 3.5 22 5.4 9 4.6 17 3.8 30 4.6 11 3.2 12 3.8 354.6 32 4.2 23 3.4 51 4.2 9 4.8 16 4.2 31 3.8 10 2.8 14 3.9 356.2 12 4.6 17 3.4 44 3.7 20 4.4 18 5.2 19 4.0 16 4.4 11 4.4 374.8 24 4.4 23 4.3 30 4.6 17 4.1 19 4.0 16 4.0 22 4.6 17 3.6 42
*SteP scale: hardness (1 very soft, 7 very hard); juiciness (1 very juicy,

7 not juicy); overall acceptability (1 very good, 7 very poor)
X — mean value; CV = coefficient of variation



Jfari*n°e of the objective and subjective hardness (Table 4) indicate' that stimulation led to significant differences (P < 0.01) between the lots of alfalj a hay-fed lambs (N and E) but not between the lots of A 1 1 f A a n/l 1 a cfa h a v - M  1,.K ”, unrerences (P ' 0.01) between the lots of all
lambs (ffl and ME) Tn ** but ̂ not between the lots of alfalfa hay and molasses-(MN and MEK Id tbe conditions tested the extent of cold shortening did notOf the milfif 1 o Hnri nn / m_ i_ i i - _ » 3 _ —+ \}U J

lambs (MN and ME) .__, ;  --- ucaueu tne extent ot cold spreclude tenderizing of the muscle during storage (Tables 1 ard 3) described for beef hv s , ™ n  a* ' a . 3. x and 3) as in the st
(1981). Stimulation-induced differences in

they
described for beef by Saveli et al.
the hardness of lots N and E were r e c o r d e d ^ ' t W r o u g V ^ ^ ' o ^ ^ o r a g e ^ l U u d b  - ,
were not subsequently observable (Table 1). This inconsistency in 9fhe effects
electrical stimulation has been described by other authors. Saveli et al. <l98l)
observed that the effects of electrical stimulation did not last through 1 1-day P°st'
mortem ageing periods in grain-fed beef, whereas they wereapparentThroughout «*«
for'“  f°vrar  Perl°d in the case forage-fed beefY No satisfactorj ‘Explanationor such behaviour has as yet been found. Schroeder et al. (1982) noted that
vhMe 1̂ 31 st?-mufatlon reduced the shear strength of meat from forrage-finished bee*'vhile it was ineffective in animals fed a high-energy, grain-finished diet

t)ianmihatff i L t^ \ * m°re ener9yrich diet (hay and molasses) was toug^
foi beef 5 sa„ e H  ! , ,T01y hay‘ The °PP°sitc bas been found to be the <»»»

* (Saveli et al., 1981; Schroeder et al., 1982), althouah in the*6
studies the diets were administered over a much longer period of time 9and the dif'
ferences were explainable in terms of the intensity of cold shortening oxalat«5
present in molasses bring about an increase in oxalate concentration9 in the musde' 
the^ate 6of ̂ / nhtblt £actate dehydrogenase (Hodgkinson, 1977),' possibly lowed"8 fed oniv if P°st'nortem glycolysis, so that cold shortening would begreater in lambe

and a s t a t e d  "°reover' the oxalates may sequester calcium, resulting ^  acid°slS
* n d a state of tetanus, with consequent hardening of the muscle.
The results therefore indicate that it would seem to be appropriate to remove streS*'
producing conditions (Moral et al., 1984) and to avoid oxflate-rich diets in ^

fion? m peri°d ' as they tend to -reduce the effectiveness of -lectrical stim^l3'

xaole 4. Analysis of vaixance for hardness measured using a Kramer shear ce££
and hardness and overall acceptability evaluated by a taste panel

Samples Shear Taste panel
• strength Hardness Overall acceptability

N/E ** ■k ★ NS
MN/ME NS NS NS

** P < 0.01
NS = Not significant
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