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Abstract
Forty Dorper × Pelibuey sheep females were used to evaluate the effects of physiological state on physiological variables and
serum concentrations of metabolites, thyroid hormones, and electrolytes under outdoor heat stress conditions. Females were
selected as follows (n = 10 per group): weaning ewe lambs (WEL; 3 months old), replacement nulliparous ewes (RNE; 8 months
old), non-pregnant and non-lactating multiparous ewes (NME; 3–4 years old) and lactating multiparous ewes (LME; 3–4 years
old). While physiological variables were measured both morning and afternoon, blood samples were collected before feeding in
the morning to determine all blood components. Three contrasts were constructed: (1) WEL vs. older ewes, (2) RNE vs.
multiparous ewes, and (3) NME vs. LME. Compared with older ewes, WEL had higher (P < 0.01) rectal temperature (RT)
and hair coat temperatures through the day, and also higher (P < 0.01) respiratory rate (RR) only in the afternoon. Serum levels of
glucose and cholesterol were lower (P ≤ 0.02) in WEL than in older ewes. Nulliparous ewes compared with multiparous had
always similar RT but higher (P ≤ 0.05) hair coat temperatures in most of the body regions by the morning and higher (P < 0.01)
RR, without difference for hair coat temperatures in the afternoon. Only serum glucose (P = 0.07) and urea nitrogen (P < 0.01)
levels were affected by parturition number, being lower in multiparous ewes. Regarding the effect of lactation, while RR was
unaffected, afternoon RT and hair coat temperatures in most of the body regions through the day were higher (P ≤ 0.03) in
lactating ewes. In addition, LME had lower (P < 0.01) serum levels of glucose, cholesterol, and urea nitrogen, but higher (P =
0.02) triiodothyronine levels than NME. In conclusion, ewe lambs and lactating ewes were less tolerant to heat stress, while
nulliparous and multiparous ewes showed similar thermoregulatory ability.
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Introduction

Heat stress is a global problem limiting meat production of the
sheep industry located in warm regions. Heat-stressed sheep
activate evaporative thermoregulation mechanisms that lead
to higher maintenance nutritional requirements, while

decreasing feed intake and increasing water intake (Marai
et al. 2007). Contrasting with other ruminants where sweating
plays a key role to avoid hyperthermia, sheep may dissipate
between 60 and 90% of the total heat load by increasing re-
spiratory rate (RR), and less than 10% by sweating (Marai
et al. 2007; Fonseca et al. 2017). The increase in RR has an
elevated energy cost, and since is crucial to avoid hyperther-
mia, it is preferred to use the body energy for the correct
operation of this thermoregulatory mechanism instead of
maintaining other functions such as growth and reproduction
(Al-Dawood 2017). Consequently, energy metabolism, and in
extreme case the protein metabolism, is altered to direct the
energetic substrate towards the tissues related with the process
of respiration in sheep subjected to heat stress (Sejian et al.
2010). Additionally, it has been observed that heat-stressed
sheep tend to reduce their thyroid hormone levels in blood
as a metabolic thermoregulation mechanism to prevent exces-
sive production of metabolic heat. Attainment of high amount
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of metabolic heat can lead to hyperthermia conditions in this
specie (Al-Dawood 2017). However, there are differences
among sheep breeds in relation to its tolerance level to envi-
ronmental heat stress, and within breeds, differences in the
thermoregulation ability and tolerance to high temperatures
can exist depending on age and physiological state.

Hair sheep are breeds used to produce meat, adapted to
warm climates, able to take advantage of poor quality forage
and with few negative effects from heat stress on their feedlot
fattening and reproductive performance (Macías-Cruz et al.
2013, 2016a). These hair sheep are less sensitive to severe
heat stress than wool breeds (Titto et al. 2016), which has been
attributed to hair characteristics, higher number of sweat
glands, and synthesis of HSP-70 in cells, as well as better
efficiency in non-evaporative and evaporative heat losses
(McManus et al. 2011; Macías-Cruz et al. 2016b; Fonseca
et al. 2017). Also, it has been documented the daytime strate-
gic activation of physiological mechanisms in heat-stressed
hair sheep to dissipate heat more efficiently; for example,
Macías-Cruz et al. (2016b; in press) reported that, while sum-
mer heat stress promoted circadian changes in hair coat tem-
perature according to environmental temperature, circadian
fluctuations in RR depended on changes in the thermal gradi-
ent between temperatures of hair coat and environment.
However, the impacts of age and physiological state on the
thermoregulatory capacity of hair sheep females have not been
studied under heat stress conditions, while results using wool
sheep females are scarce.

At birth, the thermoregulation center in lambs is complete-
ly immature so that they exhibit core temperatures above the
normal range. As weeks and months goes by, there is a de-
crease in the core temperature as a result of a gradual matura-
tion of the thermoregulation center (Thwaites 1967). Under
thermoneutral conditions (17 °C), Piccione et al. (2002) re-
ported that lambs reach a circadian rhythm of body tempera-
ture similar to the adult sheep at 30 days of age. MacFarlane
(1958) in sheep and Arfuso et al. (2016) in goats found that
these small ruminants archived stability in their body temper-
atures approximately 1 year after birth. Symonds et al. (1995)
also observed that metabolic rate and triiodothyronine hor-
mone concentrations decreased in wool lambs reared in warm
environment during the first days of life. On the other hand,
lactation is a physiological process that involves a significant
increase in metabolic activity, which is reflected in greater
metabolic heat production (Polsky and von Keyserlingk
2017). Abdalla et al. (1993) detected higher rectal temperature
(RT), RR, and blood thyroid hormone levels in lactating ewes,
but lower milk production without effects on blood glucose
levels by effect of the heat stress. Thus, given these alterations
due to age and lactation, some background indicates that
young (Thwaites 1967) and lactating (Abdalla et al. 1993)
sheep are more sensitive to heat stress and, therefore, less
tolerant to warm climates.

It is necessary to expand our knowledge in relation to the
physiologic and metabolic adjustments that are used by sheep
adapted to heat stress, according to their age and physiological
state, to maintain normothermia conditions in high tempera-
ture environments. With this information, heat stress mitiga-
tion strategies may be established more appropriately for hair
sheep production systems. In this sense, the present study
aimed to evaluate the effects of physiological state on physi-
ological variables and serum concentrations of metabolites,
thyroid hormones, and electrolytes in hair sheep females un-
der outdoor heat stress conditions.

Materials and methods

All procedures involving sheep were conducted within the
guidelines of approved Mexican Official Standards for the
production, care, and use of laboratory animals (NOM-062-
ZOO-1999). This study was conducted during the summer
season (August 23 to September 22, 2014) at the Instituto de
Ciencias Agrícolas (ICA), which belongs to the Universidad
Autónoma de Baja California (UABC). The ICA is located in
a desert region known as the Mexicali Valley, Baja California,
Mexico (32°24′ N and 115°22′W); this region has a warm
desert climate (Bwh), with extreme average temperatures in
summer (> 40 °C) and low rainfall (85 mm per year) concen-
trated mainly in the winter months (INEGI 2014).

Animals and managements

The study was carried onwith 40 Dorper × Pelibuey crossbred
hair sheep, all females, and phenotypically white, which were
selected (n = 10 each group) as follows: (1) weaning ewe
lambs (WEL) with body weight (BW) = 24.8 ± 1.3 kg and
age = 3.0 months; (2) replacement nulliparous ewes (RNE)
with BW = 37.3 ± 1.9 kg and age = 8.0 months; (3) non-
pregnant and non-lactating multiparous ewes (NMEs) with
BW= 49.6 ± 2.1 kg, age = 3 to 4 years and around 5 months
after the last lambing; and (4) lactating multiparous ewes
(LMEs) with BW = 38.0 ± 1.7 kg, age = 3 to 4 years and
around 30 days post-lambing. Sheep females within each
group were selected according to age, BW, no visual signs
of disease, and phenotype (completely white). The availability
of animals to select was as follows: 34 for WEL, 30 for RNE,
39 for NME, and 28 for LME. All animals were born in the
Sheep Experimental Unit of the ICA, where the production
system is intensive, and consequently, feeding consists in
whole-mixed diets and formulated according to the nutritional
requirements of each fattening stage and physiological state of
the breeding ewes (NRC 2007). The feeding hours are 0800
and 1800 h, and the feed offered daily is ad libitum as well as
the water availability. Table 1 shows the different diets utilized
and their chemical composition.
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Corrals where sheep females were housed had sheep mesh
walls, galvanized sheet shade at the center, and feed and drink-
ing troughs. The dimensions of the four corrals were 3 × 6 m
(1.8 m2/animal), one per each type of sheep female group. The
experiment lasted 30 days; the first 10 days were used for
adaptation to the group and the remaining 20 days for taking
measurements and blood sampling.

Body weight and climatic and physiological variables

Individual BW was recorded the first day when physiological
variables were measured. Additionally, data on temperature
(Te, °C), relative humidity (RH, %), and wind speed recorded
during experimental period were collected from a meteoro-
logical station located near the study site, which was pro-
grammed to measure climatic conditions every 15 min. The
temperature-humidity index (THI) was calculated as: THI =
Te-[(0.31–0.31*RH)*(Te-14.4)] (Marai et al. 2007). Daily
maximum, minimum, and average of the climatic variables
were obtained overall and for two different periods of the
day: morning (0600 to 0800 h) and afternoon (1700 to
1900 h).

The physiologic variables RT, RR, and skin and hair coat
temperatures in different body regions were measured before
feeding (7 samplings at 3-d interval each) both in the morning
(0600 h) and afternoon (1700 h). A digital thermometer
(DeltaTrak, Pleasanton, CA, USA) was introduced rectally
during 1 min to determine RT; RR was measured by counting
the number of breaths per minute (bpm). Temperatures of eye,
nostril, and hair coat in different body regions (i.e., ear, loin,
right flank, belly, rump, shoulder, and leg) were obtained by

taking individual thermal images with an infrared thermo-
graphic camera (Fluke Ti10, Everett, WA, USA). Ewes were
in the shade for at least 15 min before taking the images at a
2.5-m distance. All images were downloaded to a computer to
be analyzed using the Fluke SmartView® software.

Blood components

On the same days that physiological variables were taken, a
blood sample per female was collected from the jugular vein
into 10-mL vacutainer tube, just before the morning feeding.
These samples were transported to the Animal Physiology
Laboratory of the ICA-UABC, located 500 m from the sam-
pling site, to be centrifuged at 3500×g for 15 min at 10 °C.
Vials of 2 mL were used to store duplicate aliquots of serum
from each sample at − 20 °C. Concentrations of glucose, cho-
lesterol, triglyceride, urea nitrogen (BUN), and total protein
were determined using a blood auto-analyzer of liquid phase
(EasyVet, KONTROLab, Morelia, Mich., México); concen-
trations of sodium, potassium, and chlorine were obtained
with an electrolyte analyzer (LW E60A, LandWind,
Shenzhen, China); and finally, thyroid hormone concentra-
tions were measured using validated commercial kits
(Monobind Inc., Lake Forest, CA, USA) in a fully automated
ELISA analyzer (Thunderbolt, Gold Standar Diagnostics, CA,
USA). The kit for triiodothyronine hormone (T3) had the fol-
lowing precision parameters: sensitivity = 0.04 ng/mL, intra-
assay CV = 5.4%, and inter-assay CV = 6.7%, while the kit for
thyroxine hormone (T4) had sensitivity = 0.1 ng/mL, intra-
assay CV = 1.6%, and inter-assay CV = 6.1%. All blood

Table 1 Diets used in the feeding
sheep females according to their
physiological state

Ingredients Hair sheep ewes

Lambs Nulliparous Non-lactating
multiparous

Lactating
multiparous

Ingredients

Wheat grain 55.0 38.0 29.0 30.0

Soybean meal 8.0 0.0 4.0 8.0

Cottonseed 0.0 10.0 0.0 0.0

Alfalfa hay 30.0 0.0 0.0 5.0

Wheat straw 5.0 50.0 65.0 55.0

Premix 0.5 0.5 1.1 1.1

Limestone 0.6 0.6 0.0 0.0

Calcium phosphate 0.6 0.6 0.6 0.6

White salt 0.3 0.3 0.3 0.3

Chemical composition

Dry matter (%) 89.5 91.0 90.5 90.3

Crude protein (%) 17.0 9.5 8.1 12.0

ME (Mcal/kg DM) 2.9 2.4 2.0 2.0

ME metabolizable energy, DM dry matter
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compounds were analyzed in duplicate to record averages
across all sampling times for each female.

Statistical analysis

Descriptive statistics were used to summarize climatic vari-
ables. Data of BW, physiological variables in each sampling
time (morning or afternoon), and blood components were
subjected to analysis of variance under a completely random-
ized design with the PROC GLM of the SAS program (SAS
2004). Means were analyzed through the following orthogo-
nal contrasts: (1) ewe lambs (WEL) vs. older ewes (RNE +
NME+ LME), (2) nulliparous ewes (RNE) vs. multiparous
ewes (NME + LME), and (3) non-lactating ewes (NMEs) vs.
lactating ewes (LMEs). Statistical differences were declared at
P ≤ 0.05 and tendencies between 0.05 < P ≤ 0.10.

Results

Climatic variables

The daily averages for Te, RH, THI, and wind speed recorded
during the study period were 31.6 °C, 43.3%, 28.5 units, and
5.4 m/s, respectively. Whereas Te was ≥ 30 °C only between
0900 and 2200 h, the THI remained above 22.2 units through-
out the day (Fig. 1). Thus, Te and THI during themorningwere
25.0 ± 2.4 °C and 24 ± 2.1 units, respectively, and both climat-
ic variables drastically increased during the afternoon (Te =
35.6 ± 3.3 °C and THI = 31.1 ± 1.9 units; Table 2). The wind
speed was 5.1m/s greater in the afternoon than in the morning.

Ewe lambs versus older ewes

As was expected, ewe lambs weighed approximately 16.8 kg
less (P < 0.01) than older ewes (Table 3). Rectal temperatures

as well as temperatures from nostril, eye, and different regions
of hair coat (i.e., ear, loin, right flank, belly, rump, shoulder,
and leg) were higher (P < 0.01) in ewe lambs than in older
ewes during both morning and afternoon periods. However,
RR was only different (P < 0.01) in the afternoon, being
higher in ewe lambs. Also, ewe lambs had lower (P ≤ 0.02)
serum glucose and cholesterol concentrations, but higher
(P < 0.01) BUN concentrations than older ewes (Table 4).
No other blood component varied between these female
groups.

Nulliparous ewes versus multiparous

Nulliparous ewes had 14% less BW (P < 0.01) than multipa-
rous ewes (Table 3). In the morning, there was no difference
between these ewes for RT and RR, whereas in the afternoon,
RR was higher (P < 0.01) for nulliparous ewes. Eye tempera-
ture, as well as hair coat temperatures in the majority of the
body regions (i.e,. loin, right flank, belly, rump, shoulder, and
leg) were higher (P < 0.01) in nulliparous ewes than in mul-
tiparous during the morning but not in the afternoon, when no
differences were detected for those variables. Temperatures
from nostril and ear did not differ between these ewes in any
time. In the case of blood components, nulliparous ewes had
higher (P < 0.01) BUN concentrations and also a trend to have
higher (P = 0.07) serum glucose concentrations compared to
multiparous ewes (Table 4). The serum chlorine level was
higher (P = 0.03) in multiparous ewes than in nulliparous.
The remaining blood components were similar between these
female groups.

Non-lactating ewes versus lactating

Non-lactating ewes showed higher initial BW (P < 0.01; 38
vs. 49.6 ± 1.8 kg) in relation to lactating ewes (Table 3). Both
RT and RR were similar between these ewes in the morning,

Fig. 1 Means per hour of
temperature and temperature-
humidity index (THI) throughout
the 24 h of the day
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but in the afternoon, RT was higher (P < 0.01) in lactating
ewes than in non-lactating, whereas RR was unaffected by
lactation. With exception of temperatures from ear and loin
recorded in the morning which did not differ between these
ewes, hair surface temperatures obtained with the infrared
thermographic camera were higher (P ≤ 0.03) in lactating
ewes than in those non-lactating in any sampling time.
Lactating ewes had lower (P < 0.01) serum levels of glucose,
cholesterol, and BUN, but higher (P = 0.02) serum T3 levels
than non-lactating (Table 4). The remaining blood compo-
nents were unaffected by lactation.

Discussion

Conditions of heat stress for hair sheep breeds have been doc-
umented at Te ≥ 30 °C (Neves et al. 2009; Macías-Cruz et al.
2016a) and THI ≥ 22.2 units (Marai et al. 2007). While a THI
between 22.2 and < 23.3 units is classified as moderate heat
stress, THI from 23.3 to < 25.6 units is classified as severe
heat stress, and a THI ≥ 25.6 unit is considered extreme severe
heat stress (Marai et al. 2007). In this sense, sheep females of
the present study were maintained under heat stress during the
24 h of the day (THI ≥ 23.3 units), being severe heat stress
during the morning (THI = 24 ± 2.1 units) and extreme severe
(THI = 31.1 ± 1.9 units) during the afternoon. However, de-
spite the heat stress recorded in the morning, RR did not dras-
t i ca l ly inc rease (~ 43 rpm) compared wi th the
thermoneutrality normal range of RR (16–30 rpm) indicated
by Al-Dawood (2017).

Ewe lambs versus older ewes

Results suggest that age is a predisposing factor of the ther-
moregulatory capacity that hair breed sheep female exhibit
under heat stress conditions. Ewe lambs were less able to
dissipate body heat load through the day given that they

exhibited higher RT than older ewes. There are reports indi-
cating an increase in RT of lambs due to a greater metabolic
heat production in thermoneutral conditions; this is a conse-
quence of the higher basal metabolism showed by young an-
imals (Mortola 2001; Todini 2007). However, we did not find
differences in serum concentrations of thyroid hormones be-
tween ewe lambs and older ewes under heat stress conditions.
Symonds et al. (1995) reported a reduction in blood T3 levels
of lambs exposed to 28 °C compared with lambs exposed to <
14 °C. Therefore, the absence of the effect of age on thyroid
hormone concentrations in this study could be attributed to a
metabolic adjustment experienced by ewe lambs to reduce
metabolic heat production and body heat load. Thus, ewe
lambs reduced the activity of their thyroid gland to a similar
status to that exhibited by older ewes. Meanwhile, the greater
RT in ewe lambs was related to the lack of maturation of their
thermoregulatory system (Thwaites 1967).

In sheep and other mammals, the homeostasis of body tem-
perature is often incipient at birth and matures during the
course of the first year of age (Piccione et al. 2002); so core
temperature fluctuates with changes on Te in young animals
and can reach stability until the second year of life in small
ruminants (MacFarlane 1958; Piccione et al. 2007; Arfuso
et al. 2016). Interestingly, ewe lambs had a difference in RT
of 1.0 °C between morning and afternoon, but in older ewes
was only 0.5 °C, confirming that hair breed sheep also achieve
stability of core temperature at age older than 3 months.
Therefore, weaning ewe lambs are expected to be less tolerant
to hyperthermia conditions compared with older ewes.

Temperatures obtained by thermography suggest that ewe
lambs dissipate a higher amount of body heat through the skin
than older ewes during the morning and afternoon, since the
temperature gradient of hair coat and Te was markedly higher
in ewe lambs than in older ewes. This can be due to a greater
surface area to dissipate heat load in ewe lambs, since they had
around 40% less live weight than older ewes. Previous studies
have demonstrated the importance of the BW/surface area
ratio in the loss of body heat in animals, being more efficient
in those smaller because they have higher surface area per
each kilogram of weight (Lenis et al. 2015; Al-Dawood
2017). But when heat stress changed from severe (morning)
to extreme severe (afternoon), independently of age, evapora-
tive mechanisms were activated to make more efficient the
body heat loss, being the main mechanism to increase RR;
however, RR was 43% higher in ewe lambs during the after-
noon. These findings demonstrate that, although lambs do not
have complete control of their thermoregulation system, they
can make great physiological efforts to avoid a hyperthermia
to the point that may lead to death. In congruence with our
results, Thwaites (1967) reported greater RT and RR in youn-
ger (16 months old) females compared to older (52 months
old) females using Dorset Horn ×Merino crossbred; however,
no study was found comparing temperatures from nostril, eye,

Table 2 Climatic variables of the study period

Maximum Minimum Average

Morning (0600 to 0800 h)

Temperature (°C) 25.9 ± 2.4 24.4 ± 2.4 25.0 ± 2.4

Relative humidity (%) 68.8 ± 16.8 63.6 ± 16.5 66.4 ± 16.8

THI a (units) 24.6 ± 2.1 23.4 ± 2.2 24.0 ± 2.1

Wind speed (m/s) 3.2 ± 3.8 0.5 ± 0.8 1.7 ± 1.9

Afternoon (1700 to 1900 h)

Temperature (°C) 37.8 ± 3.2 33.2 ± 3.5 35.6 ± 3.3

Relative humidity (%) 41.0 ± 19.8 28.4 ± 14.5 34.4 ± 17.2

THI (units) 32.5 ± 1.8 29.6 ± 2.2 31.1 ± 1.9

Wind speed (m/s) 10.1 ± 5.8 3.5 ± 2.5 6.8 ± 3.7

THI temperature-humidity index
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and hair surface of different body regions between lambs and
older sheep under thermoneutral and heat stress conditions.
Recently, higher RT and lower rumen temperature was ob-
served in 3 to 5-month-old kids than older male goats in a
thermoneutral environment (Arfuso et al. 2016).

Ewe lambs also showed lower serum glucose and
cholesterol levels than older ewes, which does not coincide
with previous results in relation to the effect of age on blood
concentrations of these metabolites in sheep maintained under
thermoneutral conditions. In Morada Nova hair breed sheep,
Carlos et al. (2015) reported that lambs younger than 6months
old had greater serum concentrations of cholesterol without
difference in glucose compared to sheep older than 12 months
old. It should be noted that no study was found regarding
serum metabolite concentrations in young and old sheep fe-
male subjected to heat stress environmental conditions.

However, some studies carried out with crossbred hair sheep
(Macías-Cruz et al. 2016b) and Malpura breed sheep (Indu
et al. 2015), both genotypes adapted to high temperatures,
indicate that outdoor heat stress in arid regions promotes a
decrease in blood metabolites related to the energetic metab-
olism (i.e., glucose, cholesterol, triglycerides) as a conse-
quence of the rise in RR. The functioning of muscles associ-
ated to the rise in breathing requires high energy amounts
(Sejian et al. 2010). Thus, considering that ewe lambs had
45% more RR than older ewes in the afternoon, this RR in-
creased explains the low levels of these metabolites in ewe
lambs. Other possible explanation for results on glucose and
lipid metabolites could be an elevation of blood insulin levels
in ewe lambs due to heat stress (Baumgard and Rhoads 2013).
In growing Afshari lambs subjected to severe heat stress con-
ditions, Mahjoubi et al. (2015) reported an increase in blood

Table 3 Effect of physiological state on physiological response of hair sheep females subjected to heat stress

Hair sheep female SEM Contrasts P value

Lambs Nulliparous Non-lactating multiparous Lactating multiparous C1a C2b C3c

Body weight (kg) 24.8 37.3 49.6 38.0 1.8 <0.01 0.01 <0.01

Morning (0600 to 0800)

Rectal temperature (°C) 39.5 38.9 38.9 38.9 0.06 <0.01 0.48 0.56

Respiratory rate (rpm) 43.0 43.1 42.0 41.8 0.81 0.49 0.20 0.87

Hair coat temperatures (°C)

Nostril 30.0 29.0 29.2 28.4 0.22 <0.01 0.55 <0.01

Eye 34.8 34.1 33.0 33.9 0.18 <0.01 <0.01 <0.01

Ear 33.1 31.6 31.6 32.0 0.24 <0.01 0.39 0.14

Loin 28.5 27.4 26.4 26.0 0.34 <0.01 <0.01 0.16

Right flank 29.9 29.5 27.1 29.1 0.29 <0.01 <0.01 <0.01

Belly 31.3 30.4 29.1 30.5 0.18 <0.01 <0.01 <0.01

Rump 28.5 27.9 26.2 27.0 0.30 <0.01 <0.01 0.03

Shoulder 31.0 30.4 28.5 29.6 0.24 <0.01 <0.01 <0.01

Leg 29.1 28.7 27.0 28.0 0.26 <0.01 <0.01 <0.01

Afternoon (1700 to 1900 h)

Rectal temperature (°C) 40.5a 39.4 39.3 39.7 0.05 <0.01 0.69 <0.01

Respiratory rate (rpm) 158.1 116.0 105.0 108.2 3.2 <0.01 0.01 0.37

Hair coat temperatures (°C)

Nostril 37.2 36.4 36.3 36.9 0.12 <0.01 0.13 <0.01

Eye 38.8 37.8 37.2 38.4 0.09 <0.01 0.79 <0.01

Ear 38.3 37.2 36.5 37.8 0.17 <0.01 0.66 <0.01

Loin 36.4 35.0 34.6 35.6 0.16 <0.01 0.56 <0.01

Right flank 37.0 35.7 35.1 36.5 0.14 <0.01 0.51 <0.01

Belly 37.5 36.3 36.0 37.1 0.13 <0.01 0.14 <0.01

Rump 36.4 35.2 34.8 35.8 0.12 <0.01 0.37 <0.01

Shoulder 37.6 36.2 35.3 36.7 0.10 <0.01 0.19 <0.01

Leg 36.5 35.7 35.2 36.1 0.14 <0.01 0.73 <0.01

a C1 = Ewe lambs vs. older ewes (Nulliparous ewes, and non-lactating and lactating multiparous ewes)
b C2 =Nulliparous ewes vs. multiparous ewes (non-lactating and lactating multiparous ewes)
c C3 = Non-lactating multiparous ewes vs. lactating multiparous ewes
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insulin levels which promoted lipogenesis and prevented li-
polysis in adipose tissue. So heat stress in ewe lambs de-
creased the blood levels of those metabolites because insulin
incorporates glucose into cells, as well as cholesterol and tri-
glycerides into fatty tissue.

Moreover, increased BUN levels in ewe lambs could be an
indicative of low distribution of blood flow to the kidneys,
which in turn decreases the elimination of this metabolite
through urine (Srikandakumar et al. 2003). Higher coat tem-
peratures in ewe lambs than in older ewes suggest a preferen-
tial redistribution of blood flow towards peripheral tissues
rather than internal organs for heat-stressed lambs. Also, it
should be considering that under thermoneutral conditions, a
similar effect of age on BUN concentration for Dorper
(Madureira et al. 2013) and Santa Ines (Lima et al. 2015) hair
sheep female has been observed, and this was attributed to the
fact that the diets of weaned lambs were formulated with a
greater amount of protein. Although, none of those studies
reported differences in serum total protein levels when com-
pared ewe lambs versus older ewes, situation that matches
with our results. Consequently, more research is required to
clarify if higher BUN levels in heat-stressed lambs are due to
environmental temperature, dietary protein intake, or the com-
bination of both.

Finally, body water balance was unaffected by age in this
sheep breed, given that serum electrolyte concentrations did
not vary between young and older sheep females, and mean

values of each electrolyte were within the reference range
(Blood 2002). Previous studies were not found relative to
the effect of age on electrolyte levels in heat-stressed sheep.

Nulliparous ewes versus multiparous

It seems that this is the first study comparing tolerance to heat
stress between nulliparous andmultiparous ewes of any breed.
Both nulliparous and multiparous ewes showed similar ability
to tolerate outdoor heat stress conditions, given that their RT
did not differ across days. We expected a slightly lower toler-
ance to high Te by nulliparous ewes as their age is less than
1 year (8 months old), and consequently, their thermoregula-
tory system can be considered still immature (Piccione et al.
2002). However, overall results suggest that, at 8 months of
age, hair breed nulliparous ewes have almost reached the cor-
rect functioning of their thermoregulatory system.

Nulliparous ewes reached similar RT than multiparous
ewes throughout the day as product of the activation of differ-
ent thermoregulatory mechanisms of physiological type, be-
ing heat loss by the skin the most important. In the morning,
higher hair surface temperatures inmost of the body regions of
nulliparous ewes suggest greater thermogenesis, but this also
indicates that greater body heat production in nulliparous ewes
was mainly dissipated across the skin as RR did not vary with
parturition number and Te was below hair temperatures. It is
widely known that an initial response to heat stress in hair

Table 4 Effect of physiological state on serum concentrations ofmetabolites, thyroid hormones, and electrolytes of hair sheep females subjected to heat
stress

Hair sheep ewes SEM Contrasts P value

Lambs Nulliparous Non-lactating
multiparous

Lactating
multiparous

C1a C2b C3c

Metabolites (mg/dL)

Glucose 42.5 50.1 50.4 42.1 1.5 0.02 0.07 <0.01

Cholesterol 37.6 54.9 58.5 47.2 2.3 <0.01 0.71 <0.01

Triglycerides 47.1 50.2 49.9 52.3 4.0 0.49 0.86 0.66

Total protein 7.6 7.2 7.3 7.3 0.2 0.20 0.81 0.90

Urea nitrogen 34.2 31.3 29.2 25.2 1.1 <0.01 <0.01 <0.01

Thyroid hormones (ng/mL)

Triiodothyronine 1.3 1.3 1.2 1.7 0.1 0.85 0.54 0.02

Thyroxine 4.6 4.4 4.3 4.2 0.2 0.31 0.53 0.80

Electrolytes (mmol/L)

Sodium 140.6 140.2 141.2 140.5 0.7 0.97 0.38 0.39

Potassium 5.5 5.7 5.6 5.7 0.1 0.29 0.75 0.64

Chlorine 111.6 110.4 115.8 112.2 1.1 0.43 0.03 0.19

a C1 = Ewe lambs vs. older ewes (Nulliparous ewes, and non-lactating and lactating multiparous ewes)
b C2 =Nulliparous ewes vs. multiparous ewes (non-lactating and lactating multiparous ewes)
c C3 = Non-lactating multiparous ewes vs. lactating multiparous ewes
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breed sheep is vasodilatation, resulting in a peripheral redis-
tribution of the blood flow (Macías-Cruz et al. 2016b). Thus,
skin temperature increases to activate non-evaporative heat
loss mechanisms, mainly radiation and convection (Al-
Dawood 2017). Results of physiological variables in the
morning can be explained by the simultaneous action of two
facts: (1) nulliparous ewes had higher body surface area to
dissipate heat (Lenis et al. 2015), and (2) half of the multipa-
rous ewes were lactating and preferred to use the skin of the
mammary gland and the milk secretion as main pathways of
heat loss rather than other body regions (Smith et al. 1977). On
the other hand, in the afternoon, when the environment was of
greater heat stress (extreme), RR showed to be an important
evaporative mechanism to dissipate body heat load in both
types of ewes (169 and 154% higher for nulliparous and mul-
tiparous ewes, respectively, regarding to the morning RR).
Although afternoon RR was statistically higher in nulliparous
ewes than in multiparous, the difference of 9 rpm between
groups was marginal; in consequence, we do not believe that,
in this daytime, nulliparous ewes had similar RT than multip-
arous ewes due to a greater RR. Even though these results are
contradictory with those of hair coat temperatures (i.e., no
statistical difference), the authors hypothesized that nullipa-
rous ewes reached similar RT than multiparous ewes because
they were more efficient to dissipate heat load across the skin
regions.While hair coat temperatures were numerically higher
in nulliparous ewes compared to non-lactating multiparous
ewes, the contrast of non-lactating vs. lactating multiparous
ewes showed that lactation is a factor to increase hair coat
temperatures in the afternoon. Consequently, in the afternoon,
the effect of lactation could mask the true effect of the partu-
rition number on heat loss through the skin in the present
study.

The metabolic response to outdoor heat stress conditions
was slightly affected by the parturition number in the hair
ewes used. Serum glucose levels tended to be lower in mul-
tiparous ewes, which was not attributed to the activation of the
same thermoregulatory mechanism, but to the fact of having
lactating ewes in the multiparous group. Thus, while serum
glucose concentrations were 50.1 ± 1.5 and 50.4 ± 1.5 ng/dL
for nulliparous and non-lactating multiparous ewes, respec-
tively, for lactating multiparous ewes were of 42.1 ± 1.5 ng/
dL. In agreement with these findings, previous studies in hair
(Carlos et al. 2015) and wool (Durak et al. 2015) breed sheep
did not report changes in serum glucose concentrations be-
tween nulliparous and non-lactating multiparous ewes kept
under thermoneutral conditions. Therefore, the energy metab-
olism of nulliparous and non-lactating multiparous ewes is
similar under heat stress conditions.

Moreover, BUN concentrations varied between ewe
groups, being higher in nulliparous. This result does not agree
with other reports indicating that BUN concentrations did not
change with the number of deliveries in ewes without

hyperthermia (Carlos et al. 2015; Durak et al. 2015).
Possibly, heat stress increased BUN levels in nulliparous ewes
because it provoked a reduction in the urea waste at kidney
level. The reduction in the kidney function observed in nul-
liparous ewes could be due to the activation of two thermo-
regulatory mechanisms that helped these ewes to maintain an
internal temperature similar to that of multiparous ewes: (1)
redistribution of blood flow to peripheral tissue to dissipate
body heat through the skin (Srikandakumar et al. 2003) and
(2) reduction of water loss through urine to avoid dehydration
(Piccione et al. 2012). The presence of the first mechanism in
the nulliparous ewes can be inferred with thermography re-
sults while the second mechanism with electrolyte results (no
difference between groups). The activation of these thermo-
regulatory mechanisms in Dorper × Pelibuey nulliparous ewe
as a result of heat stress had already been reported by our
research group (Macías-Cruz et al. 2016b), so these findings
confirm them.

Non-lactating ewes versus lactating

Results of serum T3 concentrations and RT suggest that lac-
tation increases the metabolic heat production and decreases
the tolerance to heat stress in heat-stressed hair breed ewes.
These findings are in line with previous results reported in
wool breed ewes (Abdalla et al. 1993) and dairy cattle (Das
et al. 2016) subjected to high Te conditions. Milk production
is a process demanding high availability of nutrients and cel-
lular activity within the mammary gland during the post-
lambing period. So, the release of thyroid hormones increases
and favors a rise in the metabolic activity of lactating mam-
mals (Polsky and von Keyserlingk 2017). However, this met-
abolic scenario promotes intensification of the metabolic heat
production that, in combination with a natural heat stress en-
vironment, can compromise the ability of lactating ewes to
maintain normothermia, the situation observed in the current
study. Therefore, lactation negatively affects the thermoregu-
latory capacity of multiparous hair breed ewes in hot
environments.

Lactation did not affect RR during the morning and after-
noon in our ewes, which disagrees with a study conducted by
Abdalla et al. (1993). It has been extensively documented that
increased RR is the main evaporative thermoregulation mech-
anism used by hair breed sheep to dissipate excess of body
heat load when non-evaporative mechanisms fail to prevent
hyperthermia (Macías-Cruz et al. 2016b). Recently, Fonseca
et al. (2017) estimated that 90% of the total body heat loss was
through the respiratory evaporation in Mora Nova hair sheep
subjected to 35 °C or more. Based on the above, we do not
have a clear response to this RR result, especially to the fact
that afternoon RR did not increase despite the higher RT ob-
served in lactating ewes. Although, it is important to note that
losses of body heat though the respiratory tract played a key
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role during the afternoon in both ewe types, since afternoon
RR increased more than the double (153%) compared to the
morning. Therefore, the lack of lactation effect on RR sug-
gests that, in combination with increased RR, there are other
mechanisms helping to maintain the body heat balance in
heat-stressed hair ewes during lactation.

Heat losses through the skin, milk secretion, and sweating
could represent thermoregulatory mechanisms that maintain
the thermal balance in lactating ewes under heat stress. Higher
sweating rate and water intake, but lower feed intake, has been
observed in heat-stressed wool ewes during early lactation
(Abdalla et al. 1993). Meanwhile, Grebremedhin and Wu
(2016) pointed out that dairy cows could be cooled by cooling
the udder only, since large amounts of blood circulate con-
stantly in the mammary gland; this situation allows loss of
sensible and latent heat in a more efficient way. It has also
been reported that the udder plays an important role in the
body heat dissipation of lactating ewes (Smith et al. 1977).
During summer season of an arid region, higher surface tem-
peratures of body, udder, teat, and mammary veins were ob-
served in lactating camels compared with those non-lactating
(Samara et al. 2013).We did not measure temperature of udder
skin and milk in the current study; however, belly temperature
was higher in lactating ewes with a favorable thermal gradient
for belly regarding environment Te. Overall hair coat temper-
atures were increased by lactation. Interestingly, the afternoon
thermal gradients calculated between Te and thermography
temperatures were always favorable to thermography temper-
atures in lactating ewes (1.1 °C in average), while for non-
lactating ewes were only favorable in ear (0.9 °C) and belly
(0.4 °C). Possibly, lactating ewes dissipatedmore heat through
the skin because they had lower live weight than their coun-
terpart, which led to a greater availability of surface area per
kilogram of live weight in these females (Sevi and Caroprese
2012). Additionally, perhaps the body reserve mobilization in
lactating ewes resulted in a reduction of the external fat thick-
ness and this is facilitated by the dissipation of excess of body
heat across the skin, since the body becomes less insulated by
decreasing fat tissue (McManus et al. 2011; Al-Dawood
2017). Therefore, under extreme severe heat stress conditions,
lactating hair breed ewes regulate their body temperature by
combining heat loss through evaporative and non-evaporative
mechanisms, while non-lactating ewes used mainly evapora-
tive mechanisms.

Finally, lactation negatively affected serum levels of glu-
cose, cholesterol, and BUN in hair breed ewes of the present
study. Comparing high and low yielding dairy cows in a
moderate heat stress environment, Alameen et al. (2014)
found lower blood concentrations of glucose, cholesterol,
urea, and cortisol in cows with high milk production.
Abdalla et al. (1993) reported a drop in milk production and
a rise in serum-free fatty acids levels, with no effect on serum
glucose, due to heat stress in lactating wool breed ewes.

Additionally, it is known that the synthesis of lactose in milk
is very dependent on glucose uptake in the mammary gland
because mammary tissue cannot produce glucose from
glucogenic precursors in ruminants (Lérias et al. 2014).
Thus, lactose production uses between 50 and 60% of glucose
that reaches the mammary gland (Brockman 2005). Fatty
acids mobilized from lipid tissue are also necessary for fat
synthesis in milk. In consequence, the metabolic adjustments
observed in lactating ewes could be related to the ability of this
breed to maintain their milk yield despite high temperatures.
Future studies on hair sheep should be directed to evaluate the
effect of heat stress on milk production to support this hypoth-
esis, since recent research has indicated that heat stress condi-
tions promote low availability of glucose and fatty acids for
milk synthesis in lactating cows (Baumgard and Rhoads
2013) and goats (Al-Dawood 2017). Hair sheep breeds are
characterized by their high adaptation to warm climates, with-
out any drastic effect on their productive and reproductive
capacity (Macías-Cruz et al. 2013, 2016a).

Conclusions

Thermoregulatory capacity, and consequently tolerance to
warm climates, varies with age and physiologic state in hair
breed sheep females. Weaning ewe lambs and lactating mul-
tiparous ewes are more sensitive to heat stress than non-
lactating nulliparous and multiparous ewes. While ewe lambs
tolerate less heat stress by the lack of maturation of the ther-
moregulation center, lactating ewes are less tolerant to high
temperatures because they have higher metabolic rate and
metabolic heat production. Hair breed ewes at 8 months of
age have adequate functionality of their thermoregulation cen-
ter to tolerate heat stress condition in a similar way than dry
and non-pregnant multiparous ewes.
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