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Summary 

Stray voltages, resulting in small electrical currents flowing through pigs' 
bodies, can adversely affect performance and profits on swfoe operations. 
Water consumption was lowered 25 percent when growing pigs were exposed to 
a 4.0 milliamp current by accessing an electrically charged watering nipple. 
A ·voltage reading of 3.7 V elicited this response. 

Introduction 

Stray voltages have caused serious problems on livestock farms. While most 
of these have been dairy farms (300 or more in Minnesota), we are aware of 
four swine operations that have been affected. Symptoms reported were similar 
to those observed in dairy cattle. Sows were characterized as having an 
aggressive behavior, reduced appetite, lowered water consumption, and uneven 
milking (increased rate of starve-out per litter). Anorexia post-farrowing, 
along with some constipation, was a major complaint. 

The concept of stray voltages is relatively simple electrically, although the 
sources can be varied and complex. As hog operations increase in size and 
sophistication, as farmstead electrical wiring systems become obsolete or 
deteriorate, and as electrical loads on rural distribution systems increase, it 
is likely that stray voltage problems also wil 1 increase. Any electrical 
condition that sustains a potential voltage drop of sufficient magnitude 
between any two animal contact points may create a stray voltage problem. 

Voltage is the product of current times resistance. The algebraic equation is: 

E = IR, where E = voltage potential (volts) 
I = current flow (amperes) 
R = current resistance (ohms). 

It is i~portant that people making stray voltage measurements understand this 
relationship. At a given voltage, one of two interpretations can be made: (1) 
high current flow and low pathway resistance, and (2) low current flow and high 
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pathway resistance. The first is much more likely to be a problem, resulting 
in poor performance in a swine operation. ' 

Experimental Procedure 

Two experiments were conducted in the summer of 1984 at the University of 
Minnesota. Eight growing pigs {about 100 lbs) were subjected to various 
current levels. An electrical current was applied to the watering nipple. 
The pig stood on a grounded, metal lie pad {floor). The electrical pathway 
through the pig's body was completed whenever the pig's mouth made contact with 
the watering nipple. All pigs were withheld from water for 2 hours prior to 
conducting these experiments to insure thirst and a desire to drink water. 
Each pig was then allowed to access the watering nipple{s) for 30 minutes. 

In Experiment 1, the pig's sensitivity to low level currents was assessed by 
the pig having a choice of three watering nipples available. Two of the 
nipples had different current levels applied; the remaining nipple was not 
energized. Measurements obtained included: (1) water consumption; (2) number 
of attempts to drink; (3) number of drinks; and (4) average drinking time. 

In Experiment 2, the pigs had only one watering nipple available. On day 1, 
half of the pigs could obtain water only by accessing an energized watering 
nipple while the other half received no shock while drinking. On day 2, the 
pigs were reversed. In this manner, each pig was its own control and day 
affects (climatic temperature, etc.) were effectively removed. Data collected 
was identical to that described for Experiment 1. 

The levels of current applied are shown in Table 1. They ranged from 0 to 4.0 
mA (milliamps) in Experiment 1, and 0 to 5.0 mA in Experiment 2. Resistance 
measurements were obtained on each pig during the course of the experiments, 
averaging 930 ohms. Thus, the calculated voltage applied was .93 V for each 1 
mA current increment, reaching a high of 4.65 V when a 5 mA current was 
applied. Typically, a 6 to 10 V shock is required before humans can detect a 
"tingle" from an electrical current. 

TABLE 1. CURRENTS {mA) APPLIED IN EXPERIMENT 1 (SENSITIVITY DETERMINATION) 
ANO EXPERIMENT 2 (AVERSION LEVEL) 

Trial 

1 
2 
3 
4 

Experiment 1a 

0, 2, 4 mA 
O, 1, 2 mA 
0,.5,lmA 
0, .25, .5 mA 

Tri al 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Experiment 2b 

0, 0.5 mA 
O, 1.0 mA 
0, 1.5 mA 
0, 2.0 mA 
O, 2.5 mA 
0, 3.0 mA 
0, 3.5 mA 
0, 4.0 mA 
0, 4.5 mA 
0, 5.0 mA 

a Three watering nipples available simultaneously, each with a different 
current. 

b One watering nipple available; currents differed on successive days. 
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Results and Discussion 

Pigs are sensitive to, and can detect the presence of, low level currents. 
When given a choice of waterers with different current levels applied, al 1 
water was consumed from nipples with a current of 0.5 mA or less (Table 2). 
However, these pigs did attempt to drink water from the other (higher 
current 1eve1) ni pp 1 es. 

TABLE 2. WATER CONSUMPTION, ATTEMPTS TO DRINK, NUMBER OF DRINKS, AND 
AVERAGEDRINKING TIME OF EIGHT PIGS IN SENSITIVITY TRIALS 

Measurement 

Water consumed (ml) 

No. unsuccessful 
attempts to drink 

No. successful 
drinks 

Time per drink 
(min) 

Tri al 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

o.o 
392 

1497 
1446 
1202 

.04 

.oo 

.15 

.57 

2.54 
4.98 
5.85 
2.81 

2.71 
2.63 
2.44 
1. 78 

0.25 

1011 

1.19 

2.21 

1.18 

Current (mA) 
0.5 1.0 

35 
1135 

2.76 
1.45 

.24 
1.36 

.82 
1.21 

0 
0 

2.55 
2.33 

0 
0 

0 
0 

2.0 

0 
0 

1.24 
1.89 

0 
0 

0 
0 

4.0 

0 

1.74 

0 

0 

The "avoidance response", defined as that point when behavior was modified as 
indicated by: (a) a marked change in pigs' attempts to consume water, and (b) 
a meaningful decrease in total water consumed, appeared to begin when current 
through the pig's body approached 2 mA of current (Table 3). The response was 
even more dramatic at the 4.0 mA level. Water consumption was reduced by one
fourth, even more at the 4.5 mA level. Further, the number of successful 
drinks were reduced, but countered to some extent by an increase in the time 
spent consuming water during each drink. 

These results are in general agreement with that observed in dairy cattle. 
However, due to species differences in the resistance of the mouth-al 1 hooves 
pathway (pigs = 930 ohms; dairy cattle= 360 ohms), a much higher voltage drop 
is required in swine operations to elicit a response. 

It appears some pigs may exhibit a behavior modification when voltage 
measurements exceed 1.86 V (2 mA x 930 ohms). A significant change in 
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typical water consuming habits, however, doesn't occur in most pigs until 
measured voltage drops exceed 3.72 V. These changes are reflected in: 
(a) more unsuccessful attempts to drink; (b) fewer successful drinking events; 
(c) increased time per drink; and (d) lowered water consumption. 

TABLE 3. WATER CONSUMPTION, ATTEMPTS TO DRINK, NUMBER OF DRINKS, ANO 
AVERAGE DRINKING TIME OF EIGHT PIGS IN "AVOIDANCE RESPONSES" 
TRIALS 

Water Consumed {ml) No. of Unsuccessful 
Current {mA} % of Attempts to Drink 

Control Experimental Control Experimental Contra l Control Experimental 

0 0.5 1148 1054 91.8 .13 .78 
0 1.0 1180 1242 105.2 .03 1.13 
0 1.5 1567 1360 86.8 .03 .84 
0 2.0 1103 981 88.9 0 2.31 
0 2.5 1997 1962 98.2 .03 3.34 
0 3.0 1773 1693 95.5 0 1.57 
0 3.5 1787 1518 85.0 .09 1.72 
0 4.0 2215 1649 74.4 0 1.84 
0 4.5 2323 1131 48.7 .03 2.22 
0 5.0 2401 1785 74.3 .56 .56 

No. of Successful 
Current {mA) Drinks Time/Drink {min) 

Control Experimental Control Experimental Control Experimental 

0 0.5 3.44 2.09 2.09 1.88 
0 1.0 3.28 1.91 2.17 2.48 
0 1.5 1.88 1.59 1.94 1. 78 
0 2.0 2.13 1.06 1.40 1.26 
0 2.5 3.22 2.03 2.39 2.84 
0 3.0 1.98 1.23 2.32 2.35 
0 3.5 2.56 0.72 2.12 2.24 
0 4.0 2.56 1.03 2.58 3.48 
0 4.5 2.03 0.59 2.88 2.36 
0 5.0 2.72 0.59 2.95 2.19 

Note: There are three basic solutions to stray voltage problems: (1) elim
inate or minimize the voltage causing the problem; (2) isolate the voltage 
from any equipment in the vicinity of all potential animal contact points; 
and (3) install an equipotential plane that will keep all possible animal 
contact points at the same potential. Contact your local power supplier 
for advice and/or assistance in determining if a stray voltage problem 
exists, its cause, and an appropriate corrective procedure. We refer you 
to the popular University of Minnesota publication entitled "Stray Voltage 
Problems With Dairy Cows" (Extension Folder 552) for a tested and proved 
procedure to diagnose the source of existing stray voltage problems. 
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