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The Mechanisms by Which Electrical Stimulation
Affect Meat Tenderness
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Abstract

The use of electrical stimulation in the red meat processing has been inconsistent and the mechanism(s)
associated with the improvement of meat quality in electrically stimulated carcass has been disputed. This may
reflect an incomplete knowledge of how to optimise the technology and also mirrors the existence of unknown
factors. Although it is well established that the stimulation treatment increases the rate of post-mortem glycolysis,
other biochemical and biophysical effects have been implicated with the use of this technology. The classical view
that stimulation prevents muscle from shortening excessively during rigor development has been expanded to
include the possibility that it also results in physical disruption of muscle structure and early 'turn-on' of
tenderizing process. However, the interaction of these effects with the acceleration of the rate of proteolysis
through activation of the calpain protease system has not been comprehensively unravelled. This mini-review
attempts to examine the current theories about the effect of stimulation on post-mortem muscle.
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Fig. 1. Flow diagram of the possible mechanisms by which
electrical stimulation affects meat quality. The diagram ex-
plains that the output of electrical stimulation is a function of the
interactions between stimulation condition, pre-slaughter animal
status and chilling condition. Hastening glycolysis during rigor
development results in reduction in cold shortening, early
'turn-on’ of tenderizing process, and early 'set-on' of muscle
tissue. These felicitate color development and granulation of fat
cells. In spite of the superiority, inappropriate practice can cost
autolysis of endogenous proteolytic enzymes and reduction in
water-holding capacity.
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Fig. 2. Electron micrograph images of the contracture bands
in longissimus muscle for low voltage (LV) and high voltage
(HV) stimulation at 1, 14 and 28 days post-mortem. "LV day
28(B)" is the higher magnification of square B in "LV day 28(A)".
The images show the appearance of contractile bands containing
predominantly stretched, ill-defined and disrupted sarcomeres
(squares 1, 2, 3, 4). Adopted from Hwang and Thompson (2002a)
and Hwang et al. (2002b).
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Table 1. Effects of 45 volts stimulation of Hanwoo(n=3)
and Hanwoo X Holstane(n=3) on meat quality traits of
longissimus muscle*

WB-shear Cooking
H
force(kg) loss(%) unter L Hunter a
Control 6.88+3.3 25.0+1.3 30.6+1.2 13.5+1.4
ES 393%1.2 25.6+4.3 33.7£3.6 18.1£3.3

* Forty five volts (50 Hz, 36 pulse/sec) stimulation was applied
immediately after bleeding by a nose/anal system for 2 bursts of
10 seconds. Meat quality traits were assessed the following day
of slaughter according the methods described by Park et al.
(2001). As only 6 animals were evaluated, the treatment effect
was not statistically tested. The results demonstrate noticeable
improvements in WB-shear force and objective redness (a*). On
the basis of shear force data, electrically stimulated Hanwoo and
Hanwoo X Holstane appears to need less than three days of
ageing time. Hwang et al. (2002, unpublished data).
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