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Introduction

Traditional electrical stimulation (ES) increases the rate of post mortem glycolysis in red meat carcasses, hence
facilitating rapid chilling pre-rigor and avoiding cold shortening (Chrystall and Devine 2000). However, most
conventional ES procedures aim to decrease the pH of the longissimus dorsi muscle to no less than pH 6.3 1h post
mortem to avoid the risk of heat shortening. Conversely, Gault ef al, (2000) showed that 300 pulses of 100v low
voltage electrical stimulation (LVES) applied to chicken carcasses after bleeding could quickly bring the breast muscle
pH to pH 6.0, inducing very early rigor onset, yet having no adverse effect on meat quality.

Unlike chicken breast muscle which comprises mainly oW (fast-twitch high glycolytic) muscle fibres, the muscles of
red meat animals consist of varying proportions of aW, oR (fast-twitch high oxidative) and PR (slow-twitch
intermediate/high oxidative) muscle fibre types (Monin 1981). Gault et al., (2005) subsequently demonstrated that the
responsiveness of lamb carcasses to 300 pulses of LVES reflected the fibre type composition of the muscles analysed.
The greatest glycolytic response was seen with predominantly aW fibre-type muscles, and the least with predominantly
PR fibre-types. Even though some muscles reached pH 6.0 within 1h of slaughter, the LVES treatments used had no
detrimental effect on meat quality per se, and limited to some extent the susceptibility of muscles to shortening-induced
toughness when de-boned early.

This study assessed the glycolytic response of extended LVES procedures, at different duty cycles, in lamb carcasses,
and how this might impact on early de-boning of lamb muscles of different fibre-type composition.

Materials and Methods

Forty-four (24 male; 20 female) Texel x Greyface crossbred lambs were used; mean live weight 41.02 kg (range 38-
47kg). Groups of 4 lambs were randomly allocated to one of 10 LVES treatments, Each carcass received either 600 or
1200 pulses of 100v 10ms pulse width LVES at a frequency of 5, 10, 20, 50 or 100Hz. LVES was applied 90s after
stunning and bleeding. A control group had no LVES treatment. All carcasses were dressed and split within 10
minutes of bleeding.

The muscles selected for assessment were the m. semitendinosus (ST; aW fibre-type ); m. longissimus dorsi (LD; aR
fibre-type ) and m. supraspinatus (SS; R fibre-type). These were removed from alternate carcass sides within each
treatment for analysis immediately after splitting (early de-boned), while the matching sides were Achilles hung until
24h post-mortem (late de-boned). Chilling was carried out at 9°C for the first 24h post-slaughter. Muscles were then
stored acrobically for one week at 2°C when the remaining analyses were completed.

Muscle pH (Bendall, 1975) was monitored at 1h, 2h and 24h post mortem in the early de-boned muscles, and at 24h in
the late de-boned muscles. Sarcomere lengths (SL) (Koolmees et al., 1986) were measured in samples of early and late
de-boned muscles at 48h post-mottem and cooking loss (CL) and shear force (SF) (Gault et al., 2000) assessed at 48h
and 7 days post mortem. Data were analyzed by ANOVA (Genstat, 2003).

Results and Discussion

As found previously (Gault et al., 2005), muscle fibre-type had a significant (P<0.001) effect on muscle responsiveness
to LVES. The predominantly oW fibre-type ST gave the greatest response, the oR fibre-type LD gave an intermediate
response, and the BR fibre-type SS gave the least response compared to the controls (Table 1). The lowest frequencies
also gave significantly greater (P<0.001) glycolytic responses compared to the 100Hz treatments, which were
ineffective. Likewise, there was no significant improvement (P>0.05) in glycolytic response in any muscle when the
total number of pulses was increased to 1200, irrespective of frequency (Table 1). Although significant (P<0.001)
intermuscular differences were found for each quality attribute (Table 2), no significant (P>0.05) differences due to
LVES treatment were found other than for pH,, and pHy, values. Early de-boning resulted in significantly shorter
(P<0.001) sarcomeres and higher (P<0.001) 48h and 7d shear force values in the ST and SS (Table 3), little difference
being seen with the LD. In general terms, this would suggest that the intermediate glycolysing LD was unaffected by
early de-boning. In contrast, the fast glycolysing ST, which showed characteristics of early rigor onset, and the slow
glycolysing SS, were both prone to a degree of shortening and toughening when be-boned early. A more detailed
analysis of specific LVES treatments may help provide an explanation for this anomaly.
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Table 1: Effect of LVES (pulses x frequency (Hz)) on intermuscular pH,y, values.
600 pulses 1200 pulses

Muscle  Control 5 10 20 50 100 5 10 20 50 100
ST 6.51 6.01 6.12 6.07 6.20 6.47 5.98 6.05 6.04 6.15 6.41
LD 6.51 6.21 6.24 6.23 6.29 6.66 6.15 6.15 6.25 6.36 6.50
SS 6.71 6.47 6.54 6.62 6.63 6.61 6.36 6.39 6.46 6.54 6.71
mean 6.58 6.23 6.30 6.30 6.37 6.58 6.16 6.20 6.30 6.35 6.54
P <0.001 <0.001 <0.001 <0.001 <0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
n 4 4 4 4 4 4 4 4 4 4 4
1sd® 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Isd® 0.16

Yeast significant difference (P<0.05) within a column, “least significant difference (P<0.05) across columns.

Table 2: Intermuscular differences in the quality attributes of lamb for all treatments combined.
Muscle pHy, pHa PHaan SLysn CLygn CLy SFygn SFrq
pm % % kg/om® kg/em®

ST 6.18 6.00 5.67 2.03 37.1 36.8 6.75 5.00
LD 6.32 6.15 5.56 1.88 31.7 31.6 4.94 3.95
S8 6.55 6.36 5.83 1.89 37.5 37.9 5.54 4.43
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
n 44 44 88 88 88 88 88 88
Isd P<0.05 0.03 0.04 0.02 0.03 0.49 0.48 0.25 0.19

Table 3: Effect of de-boning time on intermuscular quality attributes.

Muscle  pHasn  pHasn  SLasn SLasn CLgsn  CLusn CLya CLgq SFasn SFasn SFzq SFyq
carly late carly late early late carly late early late carly  late

ST 566 568 195 210 373 36.8 365 370 725 624 542 459
LD 556  5.55 1.88 1.89 313 322 313 320 48 500 393 398
sS 5.81 5.85 1.85 192 384 367 381 377 621 487 477 3.89
mean 568 570 189 197 357 352 353 356 611 537 470 415
p <0.01 <0.001 <0.001 <0.05 <0.001 <0.001

n 44 44 44 44 44 44 44 44 44 44 44 44
Isd® 002 002 004 004 070 070 068 068 035 035 027 027
1sd® 0.03 0.04 0.72 0.74 0.36 0.27

"least significant difference (P<0.05) within a column, "least significant difference (P<0.05) across columns.

Conclusions

Enhanced LVES has limited potential in promoting rapid glycolysis and early rigor onset in all muscles of ruminant
carcasses, due to the poor responsiveness of R muscle fibres in multi-fibre-typed muscles. Likewise, more detailed
investigations are needed to eliminate the potential for shortening defects when de-boning early.
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