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water content of the tissue or object irradiated. Penetration
depth decreases with increasing frequency and with increasing water content. The penetration depth of 915 MHz MWR
is approximately 3 cm ilto muscle because of the high water
content, while in bone it can penetrate up to l7 '7 cm
(Johnson and Guy 1972).The MW method of heat transfer
does not directly affect the temperature of the air or other

At weaning, piglets have very little body fat (Mount 1968)
or hair and, therefore, require supplemental heat for optimum performance if room temperatures are below 26'C
(English et al. 1977). Conventional methods of heating
weaner rooms, such as heating lamps, underfloor heating,
gas heaters or radiators, although effective, are costly and
present ventilation problems (Whittemore I 993).
Recently, MWR has been considered a possible source of
supplementary heating for young livestock, such as pigs and
cfriiks (Braithwaite et al. 1994). Microwaves cause polar
molecules, such as water, to vibrate. The resulting friction
raises the internal temperature of the animal (Copson 1975).
Shanawany (1990) demonstrated that MW can increase
body ternperature linearly with exposure time. The penetration depth of MWR is determined by its frequency and the

Abbreviations: CT, cage temperature; IR, infrared; IRR,
infrared radiation at 500 W; MW, microwave; MWl,
microwave treatrnent at ll'4 mW cm-2; MW2, microwave
treament at 6.1 mW cm'; MWR, microwave radiation; RT,
room temperature; RH, relative humidity; SD, standard
deviation; ST, skin temperature
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dry materials in the animal's environment. As a result,
given the body water content, MW energy is an efficient
source of heat that allows the animal to be maintained in a
well-ventilated environment. The study by Braithwaite et al.
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(1994), involving the use of 2450 MHz MWR as a heat
source, revealed that MW in newly weaned pigs did not
adversely affect body weight, feed/gain ratio, or age at first
estrus. However, lower activity level was observed among
piglets in a MW-heated deck than among those in an IRheated deck (Braithwaite et al. 1992). Before implementing
MW technology in production units the physiological basis
that triggers this type of behavioural effect should be examined. Prior to carrying out such physiological studies, however, quantification of the behavioural effect of MWR is
necessary. The objective of this sfudy, therefore, was to
compare the activity level and performance of weaner pigs
exposed to 915 MHz MWR or IRR.

MATERIALS AND METHODS

Treatments
The study was conducted in four replicates, each consisting

of three treatments: IRR, MWl, and MW2. The specific
protocol was approved by the University Animal Care
Committee, and the management followed the recommendations of the Canadian Council on Animal Care (Olfert
et al. 1993).

Microwave Equipment
Four cages of stainless steel (151 cm x 122 cm x 8l cm)
with three wire-mesh sides (6-mm x 6-mm holes and l-mm

wire)

and _.rubberized, expanded metal-grid flooring
(Tenderfoot'"; 12.5-cm x 1.0-cm holes) were used to house
the piglets. All four cages were placed inside an environmentally controlled room. The floors of the cages were
47 cm above the room floor. Two cages were assigned to the
IR treatment, and one was assigned to each MW treatrnent.
The source of the MW energy was a generator with a maximum output of 4 kW of 915 MHz MWR. The generator,
which had adjustable power output, was acquired from
D'Ossone Canada Ltd. (Charlottetown, PE). Microwaves
were delivered to the two MW cages via a stainless steel Tshaped waveguide. The stem and the top of the waveguide
measured 34 and 69 cm long, respectively, and the cross
section measured 25.4 cm x 12.7 cm. The waveguide was
equipped with two antennae, located at opposite ends of the
top portion of the waveguide. Two 300-0 coaxial cables
(2.6 arfi 2.3 m) were connected to the antennae and carried
the MW energy to a second 28-cm-long waveguide, located
on the back wall of each weaner deck. The forward power in
each cage was monitored using Bird RF directional thruline
wattmeters (model 43, Cleveland, OH), each placed
befween two segments of the coaxial cables at the entrance
of each waveguide. The waveguide opening at the back wall
of the cages was protected by a 4-mm-thick MW-transparent
cover (33.0 cm x 20.3 cm). Each of the MW cages was
equipped with two safety switches, which served to deactivate
the magnetron when any of the lids were not properly closed.
Microwave cages were checked frequently for leakage,

using a MW survey meter, model

HI

1600 (Holaday

Industries Inc., Eden Prairie, MN). The IR cages were heated
by two 250-W heat lamps, which were placed into 25.4-cmdiameter holes in the cage covers and guarded with a metal
mesh.

Animals
For each of the four replicates, 16 piglets from four litters
(fwo males and two females from each litter) were marked
with a permanent hair dye for identification. One member of
each litter was randomly allocated to each of the four cages.
As a control for sex differences, two males and two females
were assigned to each cage. This aJTangement resulted in a
total of32 piglets for the IR treatrnent and l6 piglets for each
MW treatment. Food and water were provided ad libitum,
using commercial, galvanized steel feeders and nipple-type
drinkers, which were properly grounded to the exposure
cage. Pigs were fed a commercial piglet starter diet, containing l8% protein, throughout the trial. Weights of the
animals were recorded at the beginning of the trial and on a
weekly basis. All animals were allowed to socialize for 4 d
as an adaptation period, which permitted the establishment
of the social hierarchy within each cage. For environmental
enrichment, each group of pigs was supplied with one quarter

of a rubber tire with the wire removed.

Environmental Conditions

Room temperature was kept at 23.3 t 0.9'C (mean t SD)
during the 4 d of adaptation and was reduced to 16.8 r 0.6.C
for the remaining 20 d. Following the adaptation period, animals had continuous exposure to MWR or IR lamps.
Humidity levels were maintained at an average of 48.7 +
0.5% throughout the experiment. Throughout the trial, animals were kept on a 12 h:12 h lighVdark schedule in which
the lights went on at 6:30 and off at l8:30. During the dark
period, however, two fluorescent emergency lights, located
in opposite corners of the room and providing a minimum
illumination of 97 lx, remained on for the duration of the
experiment for video-recording purposes.

Video Equipment
Pigs were videotaped continually over a24-d period by four
Panasonic video cameras (model WV-BL 200) connected to
a Panasonic time-lapse video cassette recorder (model AG6040) and a Panasonic sequential switcher (model WJ-521
altered to provide a maximum of 1.5 min switching time).
Each cage was recorded for 1.5 min at a time before the
recording switched to the next cage, resulting in a total of 15
min viewing time h-t for each cage.

Behavioural Observations
Pig behaviour was recorded at the onset of each frame and
was coded 0 for inactive, I for active-agonistic, and 2 for
active-nonagonistic. A score of 0 was recorded when pigs
were sitting or lying down. Everything else was recorded as
active. Activity was recorded as agonistic if it included any
one of the following behaviours: head butting, biting of the
head, face or ears, and aggressive pushing. Agonistic behav-

iour was not observed beyond the adaptation period and,
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therefore, was not considered in the analysis. The total resting time was calculated and expressed for analysis as a daily
percentage.

Temperature Measurements

f . Wilk's lambda P values for pretreatment and experimental
percentage
analyses ofvariance testing pattern differences in daily

resting time
P values
Treatments

Throughout the experimental period, ST of pigs were taken
every iecond day with an Omega IR thermometer (model

0S7i) and record'ed as an average offive areas: head, shoulders, middle back, lower back, and rump. Cage temperatures
were measured using Luxtron fluoroptic temperature probes
(model750. Mountain View, CA), which were held in place
with silly putty and protected with a wire-mesh screen'
Recordingiweie made every 5 min with an Epson LX 800
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dot-matrii portable printer (model OSTI-PRT modified to a
serial printer). Room temperature' RH and forward

IRR vs. MWI
IRR vs. MW2
MWI vs. MW2
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Fig. 1. Mean percentage resting times per day for IR- vs' MW-

RESULTS

pigs (af two tvtW power levels)' Arrow indicates beginning
oftreatrnJnts, and data points represent average over 24-h period'

tre"ated

Activity-ofLevel

the analysis for activity level revealed that the pattem of resting behaviour displayed by IR-treated pigs was
significantly different (P < 0.05) from that of the two MWtrJated groups (Table 1). This difference was evident in both

Results

the pretreatment (adaptation) and the experimental periods' A
comparison between each MW treaftnent, however, indicated

that;imilar resting patterns occurred in these groups. The
daily percentage resiing time over the 24-d period for each

trcatment graphically demonstrates ttre similarity in pattems
between the MW groups, as well as the difference between
these groups and the IR-treated group (Fig. 1)' The daily perc"ntuge resting times for the MW-treated pigs during the
experimental period were consistently higher than those for
the IR-treated pigs, although the differences were not always
significant. Each MW-treated group demonstrated a sudden
inirease in resting behaviour on day 5, at the onset of the

treaunent. This peak was followed by a gradual decline in
resting behaviour over the next 20 d. The IR-treated pigs,
however, showed no change in resting behaviour over the
entire 24-dperiod. By day 17, resting time for the animals in
the MW2 group had reh.rned to a level equal to that observed
among animals in the IR group. Resting time for the pigs
exposed to the

0.0086+
0.0105*
0.8206

92

Ero
!t

relationships between daily percentage resting time.

Experimental

*significantatP= 0'05.

microwave power were recorded daily.

Percent resting time was analysed using a one-way repeated
measures ana$sis of variance. The Wilk's lambda-test statistic
was generatedand used to determine whether there was a MW
effec-i on the patterns of resting behaviour. The general linear
models procedure of SAS Institute, Inc' (1985) was used'
To delect MW effect on weight gain, an analysis of covariance, using initial weight as a covariate, was performed'
Conelation analyses were carried out to detect any possible

Pretreatment

MWI

treatment, however, remained higher

for the remainder of the experiment (P < 0.05). The mean
percentage resting time for the IR group during the expgnmental period was 79.4 + 3.7%o (mean t SD); for the MW2
group, 82.3 + 2.5%o; and for the

MWl group, 86.0 t l'60

.

Perlormance

The results of the analysis of covariance on average daily
sain revealed that MWR at either 6' I mW cm-z or 1l '4 mW
ImJ hud no significant effect (P > 0.05) on weight gain in
weaner pigs (Table 2). The values obtained for the average
daily gain of pigs exposed to MWI' MW2 and IRR, respectiveiy, were 6.zle t0.07,0.294 t 0.13 and 0.321r' 0.12 kg
(mean a SD). The initial weights of pigs were significantly
different (P < 0.05), but this variable was accounted for in
the analysis as a covariate, and the values obtained were
adjusted accordinglY.

Correlations

There was a high positive correlation between daily power
level and daily percentage resting time (Table 3)' This relationship is clearly depicted in Fig. 2, which shows two distinct clusters of points: a low percentage resting time at the
lower power level and a higher percentage resting time at
the higher power level. A small but positive correlation was
also detected between average ST and daily percentage
resting time (P < 0.05) (Fig. 3). No relationships were
observed between daily CT and percentage resting time'
daily RT and daily CT, or daily humidity level and resting
time (P > 0.05).
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Table 2. Average body weights and standard deviations per treatment

for weaner pigs exposed to IRR, MW1 or MW2 (n = 32; 16 and 16,
respectively)

Average body weight (kg) + SD
Treatment

IRR

MWI
MW2

7

o

14 Day 2l
Day 25
6.4!t.4 '7.7!t.8 9.8x2-5 12.5t3.2 t4.3r3.9
6.511.0 7.7+1.4 9.5rt.7 11.9r2.1 13.512.6
6.6xL2 7.9i1.6 9.9x2.2 t2.213.2 t4.0+3.7
Day 0

Day

Day

Table 3. Pearson-correlation coefficients and p values for comparisons
between resting time, power level, RT, CT, ST and RH
Sample
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Fig. 2. Effect of MW power level (W) (x) on daily percentage resting time (v = 79.t + 0.03.v, I = 0.22).
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DISCUSSION
This study, in which activity level of weaner pigs exposed to
915 MHz MWR was quantified, confirms the observation by
Braithwaite et al. (1992) that MW exposure results in a
lower activity level in weaner pigs than IR exposure. The
magnitude of this difference in activitv is dependent on the

MW power level, as demonstrated by the correlation

between MW power level and daily percentage resting time.
Pigs that were exposed to MWI spent3.Tyo more time resting than those exposed to MW2 arld 6.6yo more time resting
than IR-exposed pigs. This suggests that the greater the
power of radiation absorbed by the animal, the greater the
effect on the behaviour of the animal. The maximal and minimal power levels required to trigger this response are not
yet established and most likely are outside the range used in

this study. These findings coincide with previous findings
by Hunt et al. (1975), in which rats exposed to 2450MHz
pulsed-wave MWR at 6.3 mW g l demonstrated decreased
levels of exploratory behaviour and reduced swimming
speed. Swrmming performance was more profoundly affected
after exposure to 1l mW g r than after 6.3 mW 91.
The observed decline in percent time spent in resting

behaviour over time indicates that an adaptation to the
MWR is occurring. An adaptation to the ridiation is the
most likely explanation for this attenuated effect over time

31

33

35

37

Skin temperature (Cl
Fig. 3. The effect ofdaily average ST ("C) (x) on daily percentage
resting time (y = 56.a + 0.73x,1 = 0.03).

because the first drop in resting behaviour occurs just 24 h
after the increase in resting behaviour. Ifthe reduced effect
were due to the increase in body weight with time, the
reduction would not have been seen until several days had

passed. Similar findings of an adaptation to MWR were
reported by Delorge (1976) in his work on behavioural
effects of N4WR on rhesus monkeys. On exposure to 2450
MHz MWR, the monkeys exhibited reduced lever-press
responses at 72 mW cm-2, and this effect declined with
repeated exposures over a 5-d period. A similar adaptation
was observed in rectal-temperature responses to MWR over
the same period. The reduction and eventual disappearance
of effect in this study suggests that in the animals' attempt
to maintain homeostasis, their response to MW exposure is
behavioural until the body can compensate physiologically.
Further research into the physiological effects of MWR may

FOOTE ET
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lead to a better understanding of possible mechanisms of
action. Servantie and Gillard (1983) documented a variety
of behavioural changes resulting from MW exposure' Some
alterations resulting from modifications in membrane permeability to calcium as a consequence of MW exposure

Agonistic behaviours, such as head butting, ear biting,
-aggressive
pushing, were only observed during the
and
adaptition period and indicate an attempt to establish a
(Hafez and Signoret 1969). Once the social
social hierarihy-deiermined,

The different patterns of resting behaviour among the
three treatment groups during the pretreatment period are
difficult to explain atihis time. The sharp rise in resting time

(McBride et al. 1964). Such subtle agonistic interactions are
not distinguishable using the video-recording system, and

have also been reported (Adey 1980).
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on day 5, at the onset of the treatment, in the MW-treated

animals demonstrates a treatment-induced effect, rather than
a continuation ofthe pretreatrnent pattern.
Pigs in a hot environment, with no place to wallow, will
thermoregulate by increasing the surface area that is in contact
with the iooler floor or walls, by increasing the respiration
rate, and by decreasing food consumption (N{ount 1968)'
Throughoui our experiment, pigs showed no visible signs of

thermJregulatory behaviour in the form of panting or rapid
breathing. Pigs in the MW decks, however, sometimes slept
in fully iecumbent positions and were often spread around
the cage. Such postures may indicate that the MW-exposed
pigs were attempting to dissipate heat through conduction'
bi tt. other hand, they may simply have been adopting the
relaxed postures of thermally comfortable animals (Mount
1968). The positive correlation detected between daily percentage resiing time and ST also suggests that the MW
effecion activity level may be temperature related. Many
thermoregulatory process are triggered by thermal receptors
in the skin, which results in behavioural (Corbit 1970) and
physiological changes taking place before a rise in bodycoie temperature has occurred (Brown and Brengelmann
1970). The amount of energy absorbed by animals in the
MW treatment may be more than that required to maintain
homeothermic conditions, as the effective environmental
temperature may be much higher than anticipated.
Pigs in the IR decks were most often observed huddling
beneith the heat lamps. This huddling response may be an
indication of the limited capacity of IR lamps to heat the surrounding environment, resulting in the need for the animal to
be direcily beneath the source to maximize its effectiveness'
On the otler hand, the huddling may be an attempt to minimize heat loss through conduction, thus maximizing the
benefit of the IR lamps. Mount (1968) suggested that pigs
will not huddle when in a thermally comfortable environment but will do so when the temperaflre drops below thermal
neutrality. This observation indicates that the lR-exposed
animals are attempting to thermoregulate behaviourally, thus
reducing the thermal losses to the environment.
The behaviour of MW-treated pigs during the active periods

was consistent with that of the IR-treated pigs, suggesting
that such behaviour is normal under the given experimental
conditions. Normal behaviour consisted of playing with the
tire, investigating the surroundings, romping around, eating

and drinking. No unusual or aberrant behaviour was

observed in the MW-exposed animals in comparison with
t) 2450
the IR-treated animals. Under high (>45 mW cm
repeatheads
MHz MW intensity, piglets tend to shake their

edly (personal observation). Such behaviour was not
observed in these srudies.

order has been

most disturbances of an individual

by a lower ranking pig are settled by simple eye contact
therefore none were noted dunng the experimental period'

Several neurotransmitters have been studied in association
with sleep. Of these, serotonin and acetylcholine have been
found to play important roles in the sleep process (Webb and
Oube t98t). Jouvet (1988) suggested that serotonin may act
as a neurohormone, which plays a role in the onset of slowwave sleep through its action on the anterior hypothalamus-basal forebrain. Acetylcholine has been known to induce sleep
when applied to many areas of the central nervous system
(Hernandez 1965). It is possible that MWR may be inducing
ileep in weaner pigs via one of these neurochemicals, by
affeiting either its production' release or uptake'
The i'lpothalamus also has important implications in the
sleep-wai<e cycle. The suprachiasmatic nucleus has been

found to have many functions, including that of a timing
center for the circadian rhythms of pineal serotonin Nacetyltransferase activity (Moore and

Klein 1974), brain

t"mp"ratore (Stephan and Nuflez 1977), heart rate (Saleh
and Winget 1977) andseveral other biological rhythms' The
role of the suprachiasmatic nucleus in the circadian rhythm
of serotonin N-acetyltransferase activity is important in the
oroduction of melatonin, which is also associated with sleep
onset (Anton-Tay et al. l97l)- Microwave radiation could
be exerting its effect via direct action on the hypothalamus'
There are-many possibilities for the mechanism in which

MWR induces sleep in weaner pigs. Further investigations

in our laboratory in an attempt to determode of action.
mechanism's
this
mine
The performance results of MW-treated pigs were consistent with those obtained by Braithwaite et al. (199a)' indicating that MWR does not affect weight gain in weaner pigs'
The results obtained by Morrison et al. (1987) demonstrate
are being carried out

that MWR reduced the feed/gain ratio of male broiler
chicks. However, chicks in that study were exposed to inter-

mittent 2450 MHz MWR, in contrast to the continuous-

wave 915 MHz radiation used in this study. The absence of
a MW effect on weight gain suggests that these animals
were not experiencing serious thermal stress' Furtheffnore'
the behavioural effect of MWR is insufficient to result in a
change in performance. Pigs maintained in a hot environmenireduCe their food consumption and, therefore, would
not gain as much as those that were maintained in a thermoniutral or cooler environment (Mount 1968)'
Results of the correlation analyses further emphasize the
power-level-dependent effect of MWR on activity in weaner
pigs. The high correlation (r = 0'47) betrveen MW power
ieiel and .*ttittg time is strong evidence that the effect of
MWR on activity level is determined by the power of radiation to which the animals are exposed. The correlation
between ST and resting time suggests a temperature-related
effect of the MWR. However, the correlation was small (r =

188
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0.18), indicating that the relationship is very weak and may

only be coincidental. Furthermore, no relationship was

detected between CT and resting time, which indicates that
the ambient temperature is not interacting with the treatment
to effect a change in the activity level ofthe pigs. Therefore,
any thermal effect on activity must be the result of the MW
power level. More work should be done to determine the
optimal level of MWR that will result in the maximum ben_

efit of this technology.
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Exposure to MWR at 915 MHz causes an initial decrease in
activity level among newly weaned when compared to IR
exposed pigs. This effect is dependent on the MW oower
Ievel inducing a greater decrease in activity at higher power

densities than at lower power densities. Furthermore, the
effect of MWR on activity diminishes with continued exposure in such a way that activity returns to basal levels after
3 wk of exposure. Performance of pigs exposed to MWR is
similar to that of pigs exposed to IRR.
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