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ABSTRACT We assessed the effects of chilled wa-
ter cooling perches on hen performance and physiolog-
ical and behavioral parameters under “natural” high
temperatures during the 2013 summer with a 4-hour
acute heating episode. White Leghorns at 16 wk of age
(N = 162) were randomly assigned to 18 cages (n = 9)
arranged into 3 units. Each unit was assigned to one
of the 3 treatments through 32 wk of age: 1) cooled
perches, 2) air perches, and 3) no perches. Chilled wa-
ter (10°C) was circulated through the cooled perches
when cage ambient temperature exceeded 25°C. At the
age of 27.6 wk, hens were subjected to a 4-hour acute
heating episode of 33.3°C and plasma corticosterone
was determined within 2 hours. Egg production was
recorded daily. Feed intake and egg and shell quality
were measured at 5-week intervals. Feather condition,
foot health, adrenal and liver weights, plasma corticos-
terone, and heat shock protein 70 mRNA were deter-
mined at the end of the study at 32 wk of age. The

proportion of hens per cage perching, feeding, drinking,
panting, and wing spreading was evaluated over one d
every 5 wks and on the d of acute heat stress. There
were no treatment effects on the measured physiological
and production traits except for nail length. Nails were
shorter for cooled perch hens than control (P = 0.002)
but not air perch hens. Panting and wing spread were
observed only on the day of acute heat stress. The onset
of both behaviors was delayed for cooled perch hens,
and they perched more than air perch hens following
acute heat stress (P = 0.001) and at the age 21.4 wk
(P = 0.023). Cooled perch hens drank less than control
(P = 0.019) but not air perch hens at the age 21.4 wk.
These results indicate that thermally cooled perches
reduced thermoregulatory behaviors during acute heat
stress, but did not affect their performance and physio-
logical parameters under the ambient temperature im-
posed during this study.
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INTRODUCTION

Heat stress is one of the most important environmen-
tal stressors facing the poultry industry globally. Most
egg laying strains of chickens are housed in climates
where, at some point in their egg laying cycle, they
are likely to be exposed to high temperatures. Animal
health and welfare of all livestock, including hens, is af-
fected by heat waves (Black et al., 2008; Koneswaran
and Nierenberg, 2008; Lara and Rostagno, 2013; Shields
and Orme-Evans, 2015), and may be anticipated to in-
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crease in severity with climate change. In India, for ex-
ample, hen mortalities climbed from an average of 3
to 10% due to recent frequent and severe heat waves
(Kesireddy, 2015). In the United States, heat stress was
estimated to cost $0.24 billion annually in the poultry
industry (St-Pierre et al., 2003). Adult chickens are ho-
moeothermic animals. Without sweat glands, they use
shallow breathing or panting as a major means for cool-
ing themselves (Richards, 1970). In addition, when ex-
posed to high ambient temperatures, chickens attempt
to reduce internal body heat by changing their behav-
iors such as reducing eating and increasing drinking and
panting as well as wing-spreading to enhance convective
heat loss (Mack et al., 2013). The heat stress-induced
reduction in feed intake consequently retards essential
maintenance functions in chickens, and causes repro-
ductive failure in laying hens with impaired egg quality
and poor skeletal health (Ethes et al., 1995; Mashaly
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et al., 2004; Yahav, 2009; Ebeid et al., 2012; Mignon-
Grasteau et al., 2015).

Under high-temperature conditions, chickens also
modify their endocrine profiles to regulate body
temperature. In the case of hot weather, the
hypothalamus elevates responses to alter metabolism
so that heat production is reduced and heat loss
is increased (van Theinhoven et al., 1979; Dawson
and Whittow, 2000; Tabarean et al., 2010). The
hypothalamic-pituitary-adrenal axis is one of the most
important systems activated in response to stress stim-
uli, resulting in increased corticosterone release from
the adrenal glands (Siegel, 1980; Cook et al., 2009).
During stress, corticosterone redistributes glucose and
proteins to more critical tissues needed for survival
such as the respiratory, cardiovascular, and renal sys-
tems and inhibits the uptake of glucose by less criti-
cal tissues such as the reproductive, skeletal, and im-
mune systems (Savory and Mann, 1997; Carsia and
Harvey, 2000; Virden et al., 2007; Wang et al., 2013).
Stress in chickens also may induce adrenal gland hy-
pertrophy, which has been used as a common stress
indicator (Siegel, 1980). In addition, multiple studies
have shown that heat shock proteins (HSP), specifi-
cally HSP70, protect cells from stress-induced damage,
including heat stress (Zulkifil et al., 2009; Felver-Gant
et al., 2012). Protein levels and mRNA expression of
HSP70 are increased in the blood and organs of chick-
ens in response to high ambient temperatures (Gabriel
et al., 1996; Wang and Edens, 1998; Felver-Gant
et al., 2012).

It is estimated that 94 and 90% of the egg laying
hen population in the United States and the world,
respectively, are housed in conventional cages (United
Egg Producers, 2014). The European Union has banned
the use of conventional cages since 2012, and furnished
cages are the only cage system permitted (CEC, 1999).
Similarly, the U.S. egg industry is introducing furnished
cages as a more hen welfare friendly housing system to
replace conventional cages (Greene and Cowan, 2012).
The furnished cage system provides hens with more
space allowance, perch, nest box, and scratch areas
to meet their behavioral needs. In addition to allow-
ing for roosting behavior, the provision of perches also
has positive effects on skeletal development, bone min-
eralization, and bone strength (Tactacan et al., 2009;
Enneking et al., 2012; Hester et al., 2013a). Studies
of broiler chickens have shown that perches could be
modified as cooling devices to improve bird thermal
comfort during the summer hot months (Reilly et al.,
1991; Okelo et al., 2003). However, to date no as-
sessment of benefits of cooled perches to laying hens
has been undertaken. The objective of this study was
to determine if chilled water cooling perches prevent
the deleterious effects of heat stress in caged laying
hens by assessing performance, egg quality, feather con-
dition, foot health, and behavioral and physiological
parameters.
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MATERIALS AND METHODS

Chickens and Experimental Design

The study was conducted from June to Septem-
ber of 2013 in West Lafayette, Indiana. All hens
used in this experiment were housed and cared for
under the protocol approved by the Animal Care
and Use Committee of Purdue University (PACUC#:
1302000813).

At 16 wk of age, 162 Hy-Line W36 White Leghorns
were transported to the Layer Research Unit at Pur-
due University Poultry Research Farm and randomly
assigned to one of 3 units. All 3 units were inside
of a light-tight room under exact same environmen-
tal conditions. A unit consisted of 3 deck levels with
2 cages per deck. Nine birds were housed in each
cage (439 cm?/hen). In the perch groups, each deck
level had 2 perches that were connected to form a
continuous loop for each deck. For the cooled perch
group, a manifold was used to supply chilled water
in each loop, which was independently controlled by
cage air temperature via thermal sensors and pumps
(Figure 1, Gates et al., 2014). The cage provides 439
cm? stocking density, 16.9 c¢cm perch space/chicken,
and 8.4 cm feeder space/chicken, respectively. (Hester
et al., 2013b).

Temperature and relative humidity (T/RH) data
loggers (model ZW-007 for cages with perches and
model ZW-003 for cages without perches, Onset Com-
puter Co., Bourne, MA) were installed in each deck
(Figure la-c). Two resistance temperature detector
(RTD) temperature sensors were installed in each
cooled perch loop of each tier to measure the sup-
ply and return water temperature; similarly, a sin-
gle point for the air perch also was measured. Room
and cage temperature and room relative humidity were
measured and recorded at one-min intervals through-
out the experimental period. Temperature and rela-
tive humidity data were averaged every 10 min for
analysis.

The units were randomly assigned to one of the
3 treatments: cages with 1) thermally cooled perches
(Figure 1a), 2) perches with ambient air (Figure 1b),
and 3) no perches (Figure 1lc). Chilled water (10°C)
was circulated through the thermally cooled perch loops
when cage ambient temperature reached 25°C. Details
on the design of the cooled perches and the instrumen-
tation for monitoring the caging environments were pro-
vided by Gates et al. (2014). Room temperature was
based on the natural climate and ranged from 17.7 to
32.5°C at night to about 19.5 to 33.1°C during day-
time, except at 27.6 wk when hens were subjected to
a 4-hour acute heating episode (1,000 to 1,400) dur-
ing which room temperature was set to an average of
33.7°C (room temperature reached a peak within one
h and remained consistent for 3 h, ranging from 32 to

34.6°C).
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Figure 1. Cage unit design and dimensions for the 3 treatments of cooled perch cages (1a), air perch cages (1b), and control cages with no
perches (1c). Two perches were installed in each layer cage in parallel arrangement to each other. Perch height for both perches was 8.9 cm (3.5
inch) from the cage floor. There was a distance of 15 cm (6 in) between the 2 perches and a distance of 18 ¢cm (7 in) between the front perch
and the feed trough. Between the rear perch and the back of the cage, there was a distance of 15 cm (6 in). For the cooled perch treatment, a
manifold was used to supply perch lines with chilled water in a continuous loop for each deck. Perch loops were independently controlled by cage
air temperature of each deck via thermal sensors and pumps. Printed with permission from the American Society of Agricultural and Biological

Engineers (Gates et al., 2014).

A pre-lay diet with 20.0% CP, 3,009 kcal ME/kg,
1.0% Ca, and 0.45% non-phytate phosphorus was fed
from 16 to 17 wk of age followed by a laying diet with
18.3% CP, 2,890 kcal ME /kg, 4.2% Ca, and 0.3% non-

phytate phosphorus. Hens had free access to food and
water throughout the experiment. The lighting sched-
ule was gradually stepped up to 16L:8D, which was
achieved at 30 wk of age.
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Physical and Physiological Sampling

Feed intake of each cage was determined at 20, 25,
and 30 wk of age. The feed was weighed at the begin-
ning and end of each experimental wk, and the average
daily feed intake per hen was calculated as reported
previously (Hester et al., 2013b).

At the age of 27.6 wk, blood collection from hens
began at 2 h after the initiation of a 4-hour acute heat-
ing episode and was completed just before the heating
episode ended. To minimize effects of circadian varia-
tion on the measured parameters, blood samples were
collected from one hen from each of the 3 treatment
groups. One hen was sampled from a cooled, air, and no
perch cage. This pattern was repeated until the end. A
4-mL blood sample was collected randomly from 2 hens
per cage (n = 12 hens per treatment) via the brachial
vein within 2 min of removing hens from their cages.
None of the hens used for blood collection had an egg
in the shell gland as determined through uterine palpa-
tion. To avoid any variation that might be caused by
sampling time, one hen was sampled from each treat-
ment consecutively until all 36 hens had been sampled.
A ring was placed on the leg of each of the bled hens
so as to avoid using the same hens in subsequent blood
sampling. The blood samples were centrifuged at 700 x
g for 20 min at 4°C. The supernatant plasma was col-
lected and stored at —80°C until analysis. Blood sam-
ples were collected again from previously non-sampled
hens at the end of the study when they were 32 wk
of age following the same procedure with the excep-
tion that hens were sedated with sodium pentobarbital
(30 mg of pentobarbital/kg of BW injected into the
brachial vein) and a 5-mL blood sample was collected
from each hen through cardiac puncture (n = 12 hens
per treatment). Hens were euthanized via cervical dis-
location immediately following blood collection, and in-
dividual BW was recorded.

Hen feather score was measured following euthana-
sia at 5 different parts of the body: neck, breast, back,
wings, as well as the vent and tail area, using a 4-
point scoring system with 1 being the worst condi-
tion and 4 representing the best condition with few
worn or deformed feathers (Tauson et al., 2005; Hester
et al., 2013b). The footpads and all toes were scored for
hyperkeratosis condition using a 1 to 4 scoring system
described by Tauson (1984). A score of 1 represented
severe hyperkeratosis, i.e., footpads and toes had deep
and large epithelial lesions; whereas, a score of 4 repre-
sented healthy feet and toes with no lesions. The scores
of both feet and feathers were averaged, respectively, for
each hen. The 8 nail lengths of each hen were measured
using a flexible measuring tape, and the mean length
was calculated per hen (Hester et al., 2013b).

The whole liver was collected from each hen and
weighed. An approximate one cm® of tissue was col-
lected from the same location of segment VIII of the
right liver lobe of each sampled hen and placed im-
mediately on dry ice. The right adrenal gland of each
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sampled bird was dissected with connective tissue re-
moved and weighed. Relative liver and right adrenal
weights were calculated as g or mg/100 g of BW,
respectively.

Egg Production and Quality

Eggs were recorded daily during the study. Hen-day
egg production was calculated as: the total number of
eggs produced per cage/number of live hens per cage x
100. The percentage of cracked eggs and dirty eggs (egg
with blood and/or feces) per cage were calculated, re-
spectively. Five intact hard-shelled eggs were randomly
collected from each cage (30 eggs/treatment) during
2 consecutive d at 23, 26, and 29 wk of age, respec-
tively. Each collected egg was weighed individually. The
eggs were frozen to crack the shell. The yolk and albu-
men were removed from each egg after thawing and
discarded. The shell with intact shell membranes was
rinsed with water and dried at 60°C. The dried shell
weight was recorded. Shell thickness and % shell mass
were determined as described by Klingensmith and Hes-
ter (1985).

Plasma Corticosterone

Plasma corticosterone concentration was measured
using a commercially available radioimmunoassay kit
(MP Biomedicals, Orangeburg, NY). Total plasma cor-
ticosterone concentrations were analyzed in duplicate
following the protocol described by Cheng et al. (2001).

Heat Shock Protein

Heat shock protein 70 (HSP70) mRNA expres-
sion in the liver was detected by real-time PCR,
using the primers (5-3' Forward: CACCATCACTG-
GCCTTAACGT; Reverse: TTATCCAAGCCATAG-
GCAATAGC) and the probe (5-3' ATGCGTATTAT-
CAATGAGCCCA) from Applied Biosystems (Foster
City, CA); and Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as a housekeeping gene
(Felver-Gant et al., 2012).

Behavioral Observation

Hen behavior was evaluated using a combination of
live and video observations. Live observations were con-
ducted at 1000 to 1100, 1400 to 1500, 1800 to 1900, and
2300 to 2400 h when hens were 16.6, 21.4, 26.6, and
31.3 wks old. From each time point, the same trained
observer walked through the room twice counting the
number of hens per cage perching, and whether at least
one hen was panting or wing spreading. The starting
point of each observation was randomized, and 12 min-
utes were allotted between the 2 observations. Feeding
and drinking behaviors were collected from the videos
recorded from 1000 to 1600 h on the d of live observa-
tions using 5 s of video stream at 15 min intervals.
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Table 1. Behavioral ethogram.
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Behavior Definition

Feeding Bird’s head is located inside feeder.

Drinking Bird’s beak is in contact with drinker.

Perching Both of the bird’s feet are on the perch.

Panting Bird is displaying quick and shallow breathing with beak open.

Wing spreading

A space can be seen between bird’s wings (both wings) and body.

Table 2. Effect of cooled perches on egg production traits of White Leghorn hens from 16 to 32 wk of age in the summer of 2013.

Treatment Hen-day egg production!  Cracked eggs'  Dirty eggs'  Egg weight?  Shell weight?  Proportion of shell>  Shell thickness®
(%) (%) (%) (8) () (%) (mm)
Cooled perch 73.8 £ 1.2 0.49 £+ 0.11 3.3 £ 04 55.2 £ 0.5 4.83 + 0.05 8.71 £+ 0.08 0.358 £ 0.003
Air perch 76.1 £ 2.1 0.04 £ 0.19 3.4 +£ 1.2 53.3 £ 0.7 4.82 + 0.05 8.74 £+ 0.09 0.354 £+ 0.009
No perch 739 £ 1.8 0.24 £+ 0.17 3.6 £ 0.6 54.3 £ 0.7 4.86 + 0.05 8.96 + 0.08 0.361 £ 0.005
n? 24 24 24 90 89 89 90
P-value 0.62 0.13 0.94 0.10 0.83 0.06 0.82

"Values represent least square means + standard errors averaged over 16 wks of egg production.
2Values represent least square means 4 standard errors averaged over 3 ages (23, 26, and 29 wk of age) with 5 eggs collected from each cage (30

egg/treatment) at each age.
3 Average number of observations per least square mean.

Live and video observations were additionally made
at 15-min intervals on the d of the heat stress episode
from 1015 to 1245 h and 1445 to 1630 h and post-heat
stress from 1800 to 1830 h and 2300 to 2330 h. To stan-
dardize the number of observations made per h, data
analyses focused on the proportion of hens perching,
drinking, and feeding at 1015 to 1045, 1115 to 1145,
1215 to 1245, 1500 to 1530, 1800 to 1830, 2300 to 2330 h.
Descriptions of the recorded behaviors can be found in
Table 1.

Statistical Analysis

Data from the randomized design were subjected to
an ANOVA using the GLIMMIX procedure for behav-
ior analysis or MIXED method for other parameters of
SAS 9.3 software (SAS Institute Inc., Cary, NC, 2011).
Repeated measures were used for behavioral and perfor-
mance traits with deck of cages within treatment serv-
ing as the experimental unit. Each of the 2 cages within
a deck of a treatment served as a subsample. Fixed ef-
fects were treatment and age of the hens. Subsampling
error terms included cages within deck and hens within
cages within deck. Pooling of error terms occurred when
P > 0.25. A one-way ANOVA was used for the remain-
ing data in the study using hen within cage within deck
as an additional subsample. If data lacked homogenous
variances, transformations of arcsine square root were
used and the data reanalyzed. Because statistical trends
were similar for both transformed and untransformed
data, the untransformed results are presented. Corticos-
terone and HSP measurements were tested in duplicate
with CV < 10%. Tukey-Kramer was used to partition
differences among means due to significant treatment
effects. Significant statistical differences were reported
when P < 0.05.

RESULTS

Daily mean room ambient temperature ranged from
19.7 to 28.5° C (average of 23.9°C), and the daily room
relative humidity was in the range of 40 to 90% (average
of 70%) throughout the entire experimental period. The
heat index, calculated using the formula of the Bridges
and Gates (2009), was approximately 78. During the
acute heating episode when hens were 27.6 wk of age,
temperature peaked one h after initiation of the heat
treatment and remained consistent for the remaining
3 h, ranging from 32 to 34.6°C (average of 33.7°C).

Egg production (% hen-day, cracked, and dirty
eggs), egg weight, shell weight, % shell, shell thickness
(Table 2), feed intake, BW, relative liver and adrenal
weights (Table 3), feather score, hyperkeratosis score
of the feet, plasma corticosterone, and mRNA HSP70
(Table 4) did not differ among hens with access to ther-
mally cooled perches and hens with access to air perches
or controls without perches. Only nail length was af-
fected with hens given access to cooled perches having
shorter nails than the control hens with no perch. Hens
with access to air perches had nails that were inter-
mediate in length between the cooled perch hens and
control hens (Table 4. P = 0.002).

Behavioral results are summarized in Table 5 and
Figure 2. Main effects of treatment were found at the
ages of 21.4 and 26.6 wk, and on the d of acute heat
stress. Not surprisingly, behavior was affected by time
of day. The effect of time was similar across treat-
ments as very few time by treatment interactions were
identified.

At the age of 21.4 wk, hens housed with cooled
perches perched more than hens housed with the air
perches (P = 0.02) and drank less often than hens
housed without perches (P = 0.02). Hens housed with
air perches also drank less often than hens housed with-
out perches (P = 0.03). There was no difference between



