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Abstract

Goats’ health, productivity, and behavior are drastically altered during heat stress. Heat dissipation methods
become inadequate when environmental temperatures exceed an animal’s internal body temperature. Recently
there has been increasingly interested in strategies to reduce thermal stress on livestock. Sprinklers may help
reduce accumulated heat and improve goat heat dissipation. Ten indigenous adult dry does were random-
ly assigned to two treatment groups, the non-cooling group as a control and the treatment group with two
sprinkler and fans cooling systems. Feed and water consumption, breathing rate, rectal, external, and ambient
temperatures, and relative humidity were recorded daily. For two weeks of the investigation, body weight was
recorded once a week. The results showed that the control group consumed more water, and the ratio of water
drunk/ dry matter intake tended to be higher than the treatment counterparts. Neither group showed significant
differences in dry matter intake. Respiratory rates were greater in the control group compared to the treatment
counterpart. Despite the marked difference between climatic conditions of both groups’ rooms, no significant
difference in rectal body temperatures was found. The temperatures of the eyes and legs were not significantly
different in either group. In contrast, the calculated correlation between the rectal temperature with the highest
value was found for the negative relation with rump and neck temperature. In conclusion, spraying goats and
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INTRODUCTION

A key challenge for livestock producers worldwide is heat
stress. Elevated air temperatures, moisture, and solar radiation
are the most stressful for animals (Silanikove, 2000). The effects
of heat stress on animals can be devastating, resulting in im-
paired growth, milk production, reproduction performance, and
low immunity, making the animals more susceptible to illnesses
and mortality in extreme cases; these expenses millions of dollars
each year (Brown-Brandl et al, 2005; Mader et al., 2006). Goats
can cope with many climates and geographies due to their small
body size, low body mass, low metabolic needs, the efficiency of
utilizing water and high fiber forage, and ability to reduce me-
tabolism (Silanikove, 2000; AL-Ramamneh et al., 2010). It is well
known that anatomical variations are part of adapted responses
to a broad range of geographies and environments, depending
on where they originate. Goats' morphological characteristics
(size, shape, coat color, pigmentation) play a crucial role in their
energy exchange with the surrounding environment, which is
controlled by evaporation, radiation, and convection (West, 2003;
Collier et al., 2006). Accordingly, goats in African deserts (hot ar-
eas) are much more miniature than in Europe (cold areas). Sev-
eral factors affect the apparent heat loss of the animal, including

continual air movement under dry weather alleviate heat stress and improves goat welfare.

Fan, Goat, Heat stress, Thermoregulation, Physiology, Sprinkler

the surface area, the color of the coat, and temperature gradients
between the goat and the surroundings (Daramola and Adeloye,
2009). It has been observed that hair coats that are light in color
and sleek and shiny are more likely to reflect more than dark or
denser hair coats (Asres and Amha, 2014).

Moreover, in hot tropical regions, pigmented skin prevents
direct short-wave UV radiation from reaching deep tissues. This
prevents goats from gaining excessive heat from direct solar
radiation. There is a strong correlation between acute stressors
and physiological adaptations. These adaptations include sweat-
ing, respiration, heart rates, core, and skin temperatures (Silan-
ikove, 2000). Goats react to heat stressors primarily by raising
their respiratory rate (Ghassemi Nejad and Sung, 2017; Ribeiro
et al, 2018). When goats cannot maintain homeothermy through
sweating and respiration will experience an elevation in rectal
temperature (Kadzere et al., 2002). Accordingly, it is a helpful sign
of excessive heat and may be utilized to evaluate a goat's tem-
perature and adaptability (Kadzere et al., 2002). despite the la-
bor-intensive and may affect animal behavior. therefore, infrared
thermography (IR) non-invasive techniques offer high precision;
it does not require direct contact with the animals and will not
disturb animal behavior, which can be utilized to estimate the
heat status of the animals (AL-Ramamneh et al., 2012). Thermo-
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graphs measure surface body temperatures using infrared radia-
tion. Furthermore, they can determine the temperature of tissues
deep beneath the skin and the surface temperature (Heath et al,,
2001). Goats usually have a rectal temperature between 38.3 and
40.0 °C. During stressful conditions, animals’ heart rates increase
to allow more blood to flow from their cores to their surfaces,
thereby increasing the chance of losing heat in sensible and in-
sensible ways (Collier et al., 2006; West, 2003). If the respiratory
mechanism cannot sustain physiological homeostasis, evapora-
tive heat losses are activated by increasing sweating rates and
breathing min volumes (Finch et al, 1980). Collier et al. (2008)
demonstrated that sweating efficiency relies on a combination
of environmental (air temperature, relative humidity, and wind
speed) and animal characteristics (sweat glands dense and func-
tioning, hair coats dense and thick, color and length of hair, skin
color, and epidermis vascular supply). Changing the environment
is generally a more effective and less time-consuming means of
improving welfare, production, and reproduction than improv-
ing genetic selection for heat tolerance. To increase heat loss,
either radiant heat load can be reduced, convective heat loss
can be increased, or evaporative heat loss can be increased by
wetting the animal (Beede and Collier, 1986; Flamenbaum et al.,
1986). Several methods have been used to increase convective
heat losses by abatement ambient temperatures; they either cool
the animals or the surrounding environment. Such as providing
shaded (Armstrong, 1994), cooling the head alone (West, 2003),
cooling the resting area (Gomila et al., 1977; Fournel et al., 2017),
or using air-conditioned structures such as fans, misters, sprin-
klers, and cooled waterbeds (Smith et al., 2006; Fournel et al,
2017; AL-Rammaneh, 2022). These methods transfer heat from
dry air to water vapor, reducing air temperature using mechanical
refrigeration or evaporative cooling. Conversely, these methods
increase ambient humidity, which reduces the animal’s evapora-
tive loss and lowers costs; among them, providing shade, venti-
lation, cold drinking water, air conditioning, evaporative cooling,
and thermoelectric refrigeration (Smith et al, 2006; Fournel et
al., 2017; AL-Rammaneh, 2022). For evaporative cooling systems,
tiny droplets (2-60 um diameter) of water are used to enhance
heat transfer between air and water (Almuhanna et al.,, 2021). This
technique is favorably effective in cooling shelters. Water is usu-
ally turned into tiny droplets by high-pressure nozzles that evap-
orate before falling to the ground, resulting in a cooling effect
on both the surrounding air and the animal, which is less expen-
sive and more effective than other cooling methods (Arbel et al,
1999). Several cooling systems have been tested in arid climates
like Saudi Arabia to reduce the adverse effects of heat stress on
livestock (Ryan et al,, 1992; Correa-Calderon et al., 2004). Stud-
ies have shown that evaporative cooling systems enhance the
production of dairy cattle in dry environments (Ryan et al., 1992;
Correa-Calderon et al., 2004). Dairy farmers use the Korral Kool
cooling system to cool the air around dairy cows by using fans
to push air through vanes; the system injects fine fog into the
air and creates a cyclonic airflow down to the cows (Armstrong,
1994). Evaporative cooling is desirable in dry, hot, and temperate
climates because of its cheapness and effectiveness (Costelloe
and Finn, 2003; Smith et al., 2007). Flamenbaum et al. (1986) and
Strickland et al. (1989) indicated that in humid climates, sprin-
kling large droplets is more effective than fogging or misting. A
fine mist can produce a humid microenvironment and decrease
the vapor pressure at the surface, which speeds up the cooling
process. The evaporative cooling system is effective in extreme
environments where the mean summer temperature exceeds
40°C, as demonstrated by Willits (2003) and Toida et al. (2006).
In these systems, water is evaporated mechanically to produce
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latent heat from sensible heat (Armstrong, 1994). When animals
were subjected to moderate continuous heat stress, fan cooling
led to rapid reductions in their core body temperatures (Spain
and Spiers, 1998). A study by Turner et al. (1997) found that in-
stalling cooling fans improved growth rates in cows, while sprin-
klers and fans provided the best performance. Igono et al. (1987)
found that cows produced more milk when they were handled by
fans and misted than when they were handled by shade alone.
Flamenbaum et al (1986) found that cooling cows with spray and
fans for 15, 30, and 45 min declined the core temperature by 0.6,
0.7, and 1°C, respectively. Darcan and Cankaya (2008) showed
that kids had better fatten and meat quality when provided cool-
ing with ventilation in humid and hot climates. Furthermore, eco-
nomic analyses showed an increase in the profit for kids kept
cool with ventilation compared to non-cooling kids (Darcan and
Cankaya, 2008). Goat cooling systems have yet to be thoroughly
investigated in arid environments. Thus, this investigation aimed
to evaluate the potential effects of a sprinkler and fan cooling
technique on goat comfort and temperature regulation by as-
sessing surface temperature, core body temperature, and respi-
ratory rate as indices in arid areas.

MATERIALS AND METHODS

Ten indigenous adult dry does were randomly selected for
the experiment conducted at Al-Ghaith Farming Station, Tayma,
Tabuk Region, Saudi Arabia. The selected goats were aged 3-4
years. Does were randomly allocated to two treatment groups
under the same conditions (feeding, drinking, disease control,
lighting, and space....). The control group were assigned to a
room without cooling systems, whereas the treatment group
were assigned to another room with two sprinklers and fans
(MIXC 26.2 FT, China, with five mist 0.012 mm nozzles jet) system.
Sprinklers were triggered every five min for 15 min, and the fans
continuously ran during the day. A sprinkler and fan system were
operated three days before the test to acclimate the goats to the
experimental procedures. The cooling fans and sprinklers were
placed 2.5 m high from the animal in the opposite direction from
each other. Each group’s goat was retained in individual pens of
1.5 X 1.5 m; all animals were given alfalfa (Medicago sativa L.) hay
ad libitum during the experimental period that lasted 2 weeks.
Food and water consumption were calculated by subtracting the
quantity given to animals from the quantity not consumed (re-
fusal) each day at the same time. A bucket containing water (10
L) was placed in an adjacent area to correct water evaporation. To
determine the exact water ingested by the animals, we subtract-
ed the evaporated water from the total amount consumed by the
animals. The room temperature and relative humidity were mon-
itored using a thermal data logger hanged 1 meter of the floor
level. The average daily temperature was 34.96 and 30.41°C. At
the same time, the highest were 38.7 and 31.1°C, and the lowest
temperatures were 33.1 and 29.6°C. The average relative humid-
ity was 15.0 and 19.18% in the control and treatment groups,
respectively, during the trial that lasted for 2 weeks.

Physiological parameters respiration rate (RR) was counted
three times daily (at 8:00, 12:00, and 17:00) by monitoring the
flank motion per min. Rectal temperature (RT) was taken once
daily at noon using a clinical thermometer. Body weight was
measured once a week. Infrared images were recorded daily for
both groups. One hundred fifty thermographic Pictures were col-
lected from the goats during the experimental period. The dis-
tance of the animal from the camera was 2 meters. The individual
picture was analyzed to estimate the surface temperatures of
the animals, and for effective surface temperature measurement



Diya AL-Ramamneh /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 2, 271-276

area was further divided into several parts (Head, eye, ear, rump,
and leg; the left side of the animal). Images were analyzed as de-
scribed previously by AL-Ramamneh et al. (2011). PROC MIXED
was applied to examine the data (SAS, 2001). For the statistical
analyses. For all traits recorded, the statistical model included the
fixed effect of the treatment (Cooling vs non-cooling), the time
(day), the respective interaction, and the random effect of ani-
mals. The model was:

Yijkl=pu+ C+T +CT, +A +e

Where Yijkl is the observation value; p the overall mean; C, is
the treatment (cooling vs non-cooling); TJ, is the time (day); CTij
is the interaction; Ak is the random effect of animals; and € the
residual error. An integrated Tukey test was used to detect differ-
ences between LS means with a 5% significance level. All values
were presented as LS meanststandard error unless otherwise
mentioned. Based on raw data, Kendall's Tau b rank correlations
were computed between respiratory rate, rectal, ambient, and
surface temperature measurements across and between the two
groups.

RESULTS

The ambient temperature was 34.96 and 30.41°C, and the av-
erage relative humidity was 15.00 and 19.18% in the control and
treatment groups, respectively. Table 1 shows that the control
group's average day-to-day water consumption was consistently
more excellent (P < 0.01), with the control group drinking about
27% more water than the treatment counterparts, whether ex-
pressed on a total body mass basis or a metabolic mass level.

With the proceeding duration of the experiment, mean dry mat-
ter intake (DMI) didn't indicate any significant variations between
groups (P = 0.06), whether expressed on a total body mass basis
or a metabolic mass level. Thus, the ratio of water drunk/ DMI
tended (P < 0.01) to be more significant in control than in the
treatment group (Table 1). Average daily respiratory rates were
consistently more significant for the control goats than for the
treatment goats (P < 0.01); the RR of the control goats exceeded
(P < 0.01) that of the treatment counterparts by about 18% (Table
1). Despite the marked difference between climatic conditions of
both rooms, no significant variation (P = 0. 55) in rectal body
temperatures was found (38.76+0.17 and 38.82+0.17°C, for the
control and treatment groups, respectively (Table 2).

In this study, goats responded more predictably to ambient
temperature changes than surface or rectal temperatures (Table
3). The temperature of the eyes and legs was not significantly
different between the two groups (P >0.05). Overall, all traits
measured were closely related to ambient temperature. Ambient
and surface temperatures showed medium to high correlations
(Tables 3, 4). In contrast, both groups’ calculated correlations
between rectal and ambient temperatures were low (Table 4). In
contrast, the estimated correlation between the rectal tempera-
ture with the highest value was found for the negative relation
with rump and neck temperature (Table 3). Correlations between
rump, neck, eye, ear and leg temperatures ranged between me-
dium and high. Table 4 shows a higher correlation estimated be-
tween the rump and neck (r = 0.89) in the control and treatment
groups (r = 0.73). The rectal, eye, and leg temperatures were
loosely related to all traits measured (Table 3).

Table 1. The average body weight, water drunk, dry matter intake, water intake to dry matter intake ratio, and respiration rate of goats after sprinkler fan cooling vs.

none cooling control group.

None-cooling Control group

Sprinkler-Fan Cooling group

Trait (n=5) (n=5) P-value
Body weight (kg) 54.32+0.72 53.93+0.72 0.49
Metabolic body weight (kg") 20.00+0.20 19.90+0.20 0.49
Water drunk (L Day™) 3.67£2.57° 2.68+2.57° <0.01
Water drunk (g kg BW) 67.63+4.28° 49.84+4.28° <0.01
Water drunk (g kg BM*7%) 183.63+11.91° 134.99+11.91° <0.01
Dry matter intake (kg day™') 1.11467.36 1.03+67.36 0.06
Dry matter intake (kg BW') 20.48+1.10 19.23£1.10 0.12
Dry matter intake (g kg BM*7) 55.62+3.07 52.06+3.07 0.1
WD / DMI"! 3.44+0.15° 2.62+0.15° <0.01
Respiratory rate (breath min') 30.81+0.522 25.41+0.52° <0.01

Values are means+SE. *1 WD/DMI: Water drunk per dry matter intake.
»b: values in raw with different letters differ significantly (P< 0.05)

Table 2. The average ambient and core body temperature (°C) and relative humidity (%) and surface body temperature (°C) were measured by infrared thermography

of goats after sprinkler fan cooling vs. none cooling control group.

None-cooling Control group

Sprinkler-Fan Cooling group

Measurements (n=5) (n=5) P-value
Ambient temperature (°C) 34.96+0.12 30.41+0.12 <0.01
Relative humidity (%) 15.00+0.19 19.18+0.19 <0.01
Rectal temperature (°C) 38.76+0.17 38.82+0.17 0.55
Eye temperature (°C) 33.65+0.25 34.05+0.25 0.27
Neck temperature (°C) 27.70+0.36 26.51+0.36 2
Ear temperature (°C) 30.36+0.51 28.89+0.51 0.04
Rump temperature (°C) 25.83+0.36 24.54+0.37 0.01
Leg temperature (°C) 27.94+0.62 27.554+0.62 0.66

Values are means+SE.
»® values in raw with different letters differ significantly (P< 0.05)
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Table 3. Kendall’s Tau b correlations between rectal, ambient temperatures and surface temperatures of the eye, neck, rump, leg and the ear, across both goat groups

(Sprinkler fan cooling vs. none cooling control group), based on raw data.

Rectal Eye Neck Rump Leg Ear

Ambient 0.6 0.24* 0.38* 0.46* 0.37* 0.26*
Rectal 0.08 -0.25% -0.26* -0.04 0.01
Eye 0.14* 0.14* 0.19* 0.17*
Neck 0.86* 0.45* 0.34*
Rump 0.44* 0.32*
Leg 0.67*
*P<0.05

Table 4. Kendall’s Tau b correlations between rectal, ambient temperatures and surface temperatures of the eye, neck, rump, leg and ear, of the sprinkler fan cooling

group (Vertical) and none cooling control group (Horizontal), based on raw data.

None cooling control group

Ambient Rectal Eye Neck Rump Leg Ear
Ambient 0.07 0.28%* 0.34%* 0.38%* 0.42%* 0.32%
Rectal 0.07 -0.11 -0.39* -0.36* -0.13 -0.01
Eye 0.23* 0.27* 0.20* 0.21* 0.28* 0.24*
Sprinkler fan cooling .\ 0.53* 0.11 0.24* 0.89* 0.48* 0.32*
treatment group
Rump 0.68* 0.03 0.23* 0.73* 0.47* 0.34*
Leg 0.33* 0.13 0.17* 0.53* 0.44* 0.69*
Ear 0.22%* 0.12 0.19%* 0.34%* 0.26* 0.62*
*P<0.05
DISCUSSION more during heat periods and ruminated less.

The present study revealed that intermittent sprinklers and
continual fan cooling systems mitigated animal heat stress. Con-
tinuous ran of the fan's forces air over the goat's body, increasing
convective heat loss and evaporative cooling, lowering ambient
temperatures, and increasing heat exchange between goats and
their environment without accumulating the humidity due to wa-
ter spray around the animals. In a study by Beede and Collier
(1986), the animal’s water consumption was significantly affected
by the requirements of preserving body temperature under heat
stress. The obtained results were consistent with those report-
ed in the literature (Silanikove, 2000; AL-Ramamneh et al., 2010,
2011, 2012). Goats increased their water intake to replace wa-
ter loss by evaporative cooling (panting, sweating) in the control
group compared to their counterparts. Maia et al (2005) found
that cows lose approximately 85% of their heat through evap-
oration from the skin at 30°C. Goats increased their daily wa-
ter intake to counter water losses by evaporation (Olsson and
Hydbring, 1996). To decrease the effect of heat stress, Smith et
al. (2006) suggested animal thermoregulation processes that can
transfer heat with the surroundings if the ambient temperature is
maintained less than their core body temperature. In the current
trial, goats were under heat stress and had a greater water intake
than the treatment goats. The cooling system used in this study
allowed the release of water droplets into the air through fans
and created a circular air motion down to the goats; this enabled
water droplets to evaporate before reaching the floor, therefore
results in cooling the air around the animals. In contrast, it cooled
with fans, circulation, and convection, which exchange heat with
the animal. There was remarkable resilience in goats to heat
stress in the present study. Both groups maintained their DMI,
and animals in the current experiment did not experience de-
pression in BW; both groups might be explained by maintaining
the apparent dry matter digestibility (Brosh et al.1983; Silanikove
1985). It was reported by Hirayama et al. (2004) that goats ate

274

Consequently, goats consumed more food. In this investiga-
tion, the environmental temperature exceeded the comfortable
temperature of goats (20-24°C), and animals exposed to tem-
peratures above thermoneutrality experienced an extra heat
load, which triggered several thermophysiological changes. It is
possible to divide these mechanisms into those that modulate
thermal production and those that regulate thermal flow inside
or outside the body (Bligh, 1998; Maia et al., 2005). The body's
most essential heat transfer medium is water, which transfers
heat between the surface and the core through convection, con-
duction, and radiation. Heat can be transferred insensibly (from
the organism to the environment) by evaporating water (Maia et
al., 2005). In accordance with Avendafio-Rayes et al. (2006) and
Yousef (1985), animals release warmth from their body by raising
their core temperature, heart rate, and breathing rate.

Results from this study showed that average daily respiratory
rates were consistently greater in the control group than in the
counterpart group; the RR of the control goats exceeded that
of the treatment counterparts by about 18%. Goats had a lower
respiratory rate (< 30 breaths/min); as Silanikove (2000) pointed
out, respiration rate may be used to accurately estimate farm an-
imal heat stress (low: 40-60 breaths per min; medium-high: 60-80
breaths per min; high: 80-120 breaths per min; and severe heat
stress above 150 breaths per min) it's can be considered as low
heat stress for well-adapted goats to dry environments. Results in
the present study are in harmony with other studies that showed
that sprinklers and shade reduced respiratory rates of grazing
dairy cows by 60 and 30%, respectively, in contrast with cows
kept in the shade and sprinklers (Kendall et al., 2007). In heat-
stressed animals, sweating, panting, and vasodilation may en-
hance heat loss and create a thermal gradient between the core
and peripheral tissues (Kadzere et al., 2002). It is essential to eval-
uate the features of the animal body and surrounding environ-
ment. Several morphological features of the skin (color, texture,
sweat glands, angle of the hairs on the surface of the skin, etc.)
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affect the skin's protective properties; animals can evaporate a
significant amount of sweat to keep body temperatures constant
due to their higher heat loading (Bernabucci et al, 2010; Helal
et al,, 2010; Abdoun et al., 2013). Darcan et al. (2009) mentioned
that many animals have pigmentation such as haemes (red), ca-
rotenoids, melanoid (black and brown), and guanine (white and
iridescent), adapted to their environment to help them survive as
well as Seo et al. (2007) reported that melanin is a natural defen-
sive system of the skin that is produced in response to UV rays.
Most of the goat's coat colors used in this investigation ranged
between white and brown, which helped reflect more heat and
reduced animal heat load.

Furthermore, goats have thinner hair coats on their ventral
surfaces than on their dorsal surfaces. As a result, more air can
flow into and around this thermal window, dissipating heat by
evaporative cooling through sweating. Smith et al. (2006) pointed
out that evaporative cooling is practical in dry climates for de-
creasing heat stress when operated for extended periods. It has
been demonstrated that if water accumulates on an animal’s coat,
humidity around the animal may increase, thus, reducing the ef-
fectiveness of the cooling approach (Means et al.,, 1992). Accord-
ing to this, we operated the sprinklers in this study every five min
for 15 min; however, this schedule may not have been sufficient
to lower goat temperatures to their natural thermal range during
summer heat stress. It was found by Flamenbaum et al. (1986)
that spraying cattle for 20-30s was more efficient than spraying
them for only 10s. According to Becker and Stone (2020), most
sprinkler timing schedules involve a 5-min cycle of 30s. of spray-
ing followed by 2.5s of high-speed air circulation. Flamenbaum
et al (1986) found that 5 to 7 watering periods (sprinklers and
fans) every day for 30 to 45 min improved milk production in hot
weather. According to Correa-Calderon et al. (2004), using fans
and sprinklers together produced significantly more evaporative
cooling in cattle than either fan or sprinkler alone. Correa-Cal-
deron et al (2004) noted that the physiological reactions (body
temperature and Respiratory rate) in dairy cattle to two cooling
strategies (misters and fans vs fan-cooled sprinklers) and com-
pared to the non-cooling cows with either cooling system had
lower body temperatures (0.7 and 0.9°C for the cooling system)
in contrast to the controls. Treatment groups with cooling experi-
enced lower respiratory rates than the control group (Correa-Cal-
deron et al, 2004). In heat-stressed animals, sweating, panting,
and vasodilation may enhance heat loss (Kadzere et al., 2002). As
the Rump, neck, and ear surface temperature increased with heat
exposure, vasodilation was shown to be effective for heat transfer
through a sensible heat transfer route with the ongoing opera-
tion of fans. According to Yousef (1985) and Kadzere et al. (2002),
perpendicular ears are characteristic of domestic species adapted
to extreme temperatures (Marai et al., 2006). Little hair covering
the head and body may have a positive effect due to enhanced
peripheral blood flow (Weissenbock et al.,, 2010). Among all farm
animals, goats are the only species capable of maintaining body
temperatures below 38.5°C (Devendra, 1987; Avendafio-Reyes et
al., 2006). They breathe at a rate of 25-30 breaths/min (Silanik-
ove, 2000), whereas their basal heart rate is about 65-80 beats/
min (Devendra, 1987).

CONCLUSION

It could be concluded that spraying goats and continual air
movement under dry weather alleviate heat stress and improves
goat welfare. A cooling system is crucial to reduce the unfavor-
able impacts of heat stress in the goat's rearing system.
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