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Abstract

Stray voltage (< 10 V) may impair animal welfare. Our objectives were to: i) determine the threshold at which heifers react to voltage
and ii) investigate effects of past experience and random applications of voltage. Firstly, forty heifers were trained to eat from two
metallic feeders at the end of a test corridor. For 20 heifers, voltage was applied for 2 min (every day in steps of 0.33 V, 0 to 5 V) to
the feeder (F1) in which the heifer started to eat (VOLT). Heifers could change to the non-electrified feeder (F2) if they wished. Twenty
heifers (CONT) followed the same procedure without voltage exposure. For voltages≥ 2.3 V, percentage of feed eaten from F1
(%FeedF1) was lower, time spent eating in F1 and latency to change to F2 were shorter compared to 0 V. At 2 V and above, more
VOLT than CONT heifers performed muzzle-licking and abrupt head movements. Secondly, after four weeks, the same heifers were
exposed to 3.3 V for either 11 consecutive days (DAILY, n = 20) or randomly on 4/11 days (RAND, n = 20). CONT heifers had higher
cortisol concentrations than VOLT heifers on the first day of test. %FeedF1 was higher for RAND than DAILY heifers. The threshold at
which avoidance behaviour started appeared to be 2.3 V in our experimental conditions. Adaptation was more difficult with unpre-
dictable rather than predictable voltage and past experience seemed to reduce the effects of subsequent exposure.
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Introduction
Electricity is essential to modern farming techniques and

several electrically powered machines are used, such as

milking machines, heated water bowls, etc. Leakage of

current from this type of equipment, electric and magnetic

induction, faulty connections between the electrical circuit

and the earth can lead to the undesirable electrical phenom-

enon called stray voltage (for a review, see Deschamps

2002). Stray voltage, usually less than 10 V, can produce a

low current flowing through farm animals (for a review, see

Hultgren 1990). According to Ohm’s Law, the current

depends on the voltage level and the electrical resistance of

the animal. The electrical resistance is the sum of the resist-

ance of body tissues and of the contact resistance of the

animal to the ground and to the electrified element.

Although some effects of stray voltage have been reported

on health, behaviour and production parameters in dairy

cattle field studies (Salisbury & Williams 1967; Wilson et al
1996), in controlled studies, only behavioural modifications

were confirmed, but not health and production effects.

Indeed, using either electrodes to apply a current in dairy

cows, from the right front knee to the right rear hock (the

current varied from 0.7 to 12.5mA rms — root mean

square — which corresponded to a voltage between 0.2 to

3.9 V rms; Lefcourt 1982; Lefcourt et al 1986), or using a

non-piercing ball-end nose clip and a metallic floor to apply

a current from the muzzle to the four hooves (the current

varied between 2 to19 mA peak; Reinemann et al 1999)

behavioural responses, such as sudden withdrawal, hoof

lifting, vocalisations, kicks or jumps were observed for

currents starting at 0.7 up to 19 mA. In other controlled

studies, physiological responses to current exposure were

investigated. An increase in heart rate and in plasma cortisol

concentration were observed for currents starting at 3.6 up

to 12.5 mA rms (from 2.0 to 7.8 V rms) applied with elec-

trodes on the lumbosacral region (Gorewit & Scott 1986) or

from the udder to the four hooves (use of electrodes and

metallic floor; Henke Drenkard et al 1985).

In addition, stray voltage threshold has often been studied on

a relatively small number of animals (< 10 cows) and without

allowing the animals to avoid the electric stimulus (for a

review, see Hultgren 1990). This is important since it has been

shown that when lambs had the opportunity to change from an

electrified feeder to a non-electrified feeder, a lower threshold

of response was observed compared to the lambs which were

not able to change feeder (Duvaux-Ponter et al 2006).
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