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Abstract

This experiment was conducted to study the effect of heat stress on thermoregulatory responses in Baladi
and crossbrd (50% Baladi x 50% Zaraibi) female goats reared under desert of Inshas area during estrous cycle,
pregnancy stages and postpartum periods under hot season (period from May, 2014 to October, 2014) compared
with mild season (period from October, 2013 to March, 2014) and measure the difference between performance
of crossbred animals and performance of the breed that were crossed to evaluate adaptability of two breed
throughout these stages, point out hot climate condition of Egyptian environment. It has been used in this
research 40 mature female goats (20 Baladi and 20 crossbred (50% Zaraibi x 50% Baladi) with an average age
of 2-3 years and an average body weight was ranging from 25+1.5 kg to 35+1.6 kg for Baladi and crossbred,
respectively, the experiment lasted for two seasons (mild and hot). The animals were kept in semi-open pens
during the experimental period and allowed to graze for five hours daily at least. Thermoregulatory responses of
the animal were estimated in terms of rectal temperature (RT), skin temperature (ST) and respiratory rate
(RR).Results showed significant decrease (P<0.0001) in RT, ST and RR during mild season as compared with
hot season during the estrous cycle. Also, crossbred showed lower (P<0.01 or P<0.05) RT in comparison with
Baladi goat does during different stages of estrous cycle. While ST and RR showed insignificant variations
between crossbred and Baladi goat does during different stage of estrous cycle. During pregnancy stages Baladi
and crossbred goat does recorded significant low (P<0.0001) RT, ST and RR under mild season compared with
hot season throughout different stages of pregnancy. Crossbred showed lower (P<0.05 or P<0.0001) RT than
Baladi goat does during different stages of pregnancy, however insignificant variations in ST and RR between
crossbred and Baladi goat does during different stages of pregnancy. During postpartum periods Baladi and
crosshred goat does recorded significant low (P<0.05 or P<0.0001) RT, ST and RR under mild season in
comparison with hot season throughout different stages of postpartum. While RT showed significant variation
(P<0.05) between crossbred and Baladi goat does in different stages of postpartum (day of parturition and 15
days postpartum), except 30 days postpartum which insignificantly affected by breed. ST showed significant
variation (P<0.01) between crossbred and Baladi goat does in 30 days postpartum only. However RR showed
significant (P<0.05 or P<0.01) decrease in crossbred as compared with Baladi goat does in different stages of
postpartum. From the present results, it could be concluded that, each of season, goat breed and physiological
status were affected on rectal temperature, skin temperature and respiration rate throughout the estrous cycle,
pregnancy stages and postpartum period of Baladi goat does and its crosses with Zaraibi (50% Baladi x 50%
Zaraibi).
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Introduction

The summer in Egypt, is characterized by high
ambient temperature, intense solar radiation and high
relative humidity. Therefore, farm animals raised in
such sever climatic stress for almost 6 months of the
year and become uncomfortable and they suffer
extremely in production, reproduction and resistance
to diseases and parasites (Marai et al., 2002). Heat
stress has a reducing effect on both the productivity
and reproductive efficiency of farm animals (Jordan,
2003). The deleterious effects of heat stress are the
result of either the hyperthermia associated with heat
stress or the physiological adjustments made by the
heat-stressed animal to regulate body temperature
(Hansen, 2009). Rectal temperature, skin

temperature and respiration rate are parameters
which illustrate the mechanism of physiological
adaptation (Marai et al., 2007; Otoikhian et al.,
2009; Phulia et al., 2010 and Sharma et al., 2013).
Rectal temperature (RT) is considered as a good
index of body temperature even though there is a
considerable variation in different parts of the body
core at different times of the day (Srikandakumar
et al., 2003). Even a rise of less than 1°C in rectal
temperature was enough to reduce performance in
most livestock species which makes the body a
sensitive indicator of physiological response to heat
stress (Shebaita and EI-Banna, 1982). Rectal
temperature of goats was found to be elevated with
high environmental temperature in several studies
(Devendra, 1987; Marai et al., 2007). Exposure to
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heat stress increase skin temperatures in goats
(Fahmy 1994; Marai et al., 1997). khalifa et al.,
(2000) showed that exposure of goats to solar
radiation increased significantly (p<0.01) skin
temperature by 1.0°C and respiration rate by 18r/min
During exposure to heat, ST was increased due to
vasodilation which was beneficial for increasing heat
loss from the skin (Slee, 1966). Also, Alam et al.,
(2011) stated that the respiration rate increased
significantly (P<0.01) with increasing the period of
exposure to heat stress (from 4 to 8 hrs. per day)
compared with the control group (0 hrs heat
exposure). A properly designed crossbreeding system
allows the livestock producer to take advantage of
appropriate combinations of the superior traits of
several different breeds and it also yields heterosis
which often referred to as hybrid vigor, measures the
difference between average performance of crossbred
animals and average performance of the breeds that
were crossed to produce them (Olson, 2011).
However, little information was available on per-
formance of such introduced breeds and their crosses
in Egypt, especially, under different climatic condi-
tions.

The main objective of this study is to evaluate the
effect of heat stress on thermoregulatory responses
(rectal temperature, skin temperature and respiration
rate) during hot season compared with mild season in
each of native Baladi as purebred goat does and in its
crosses with Zaraibi as crossbred goat does (50%
Zaraibi x50 % Baladi) reared under desert of Inshas
area during estrous cycle, pregnancy stages and
postpartum period to evaluate adaptability of two
breed, point out hot climate condition of Egyptian
environment.

Materials and Methods

Experimental Animals:

Forty native female goats, 20 Baladi and 20
crosshred (50% Zaraibi x 50% Baladi) were used.
The does were selected according to reproductive
farm records and subjected to the study. Their age
ranged from 2 to 3 years old and the mean body
weight for Baladi and crossbred was ranging from
25+1.5 kg to 35+1.6 kg, respectively. All animals
were healthy and clinically free of diseases.

Animal Housing:

All experimental goats were kept in semi-open
pens throughout the period of experiment. These
pens provided enough shade and ventilation in
summer and protection from rain in winter. The does
were allowed to graze five hours daily at least.

Animal Feeding:

The experiment was carried out in the
Experimental Farms Project (Goats Farm), Nuclear
Research Center, Atomic Energy Authority, Inshas.
The experimental goats were fed basal ration of

concentrate feed mixture (CFM) according to the
allowances of NRC (2007) of goats. The CFM
composed of 37.4% wheat bran, 27% yellow corn,
12.5% soybean meal, 10.0% undecorticated
cottonseed cake, 5% rice bran, 4% sugarcane
molasses, 3% limestone, 1% sodium chloride and 0.1
vitamin and minerals premix. Feed mixture was
offered once daily at 10 am, 3.5% of body weight.
Barseem hay was offered ad libitum. Fresh drinking
water was available at all time.

Experimental measurements:

Ambient temperature, relative humidity and
temperature humidity index:

The ambient temperature and relative humidity
were obtained daily from meteorological station of
Atomic Energy Authority during the whole
experimental period. The temperature humidity index
(THI) was calculated during mild (period from
October, 2013 to March, 2014) and hot (period from
May, 2014 to October, 2014) seasons according to
Marai et al., (2000) as:

THI =db °C - [(0.31- 0.31RH) x (db °C-14.4)]

Where, THI= temperature humidity index, db
°C= dry bulb temperature in Celsius and RH =
relative humidity%. A value for THI < 22.2 was
considered remarkably an absence of heat stress,
while the values 22.2 to 23.3 referred to moderate
(mild) heat stress, 23.3 to <25.6 referred to severe
heat stress and >25.6 referred to very severe heat
stress.

Rectal and skin temperature:

Rectal temperature (RT) was measured using
digital clinical thermometer. Skin temperature (ST) was
measured using K type sensor digital thermometer,
model: 301 with measuring range: -50°C to 1300°C.

Respiratory rate:

Respiration rate (RR) was expressed as the
number of respirations per minute (breaths/min.) and
was measured by counting the flank movements in
one minute. Complete inward and outward
movement of the flank was counted as one
respiration and was recorded.

Statistical analysis

Data were expressed as least square means +SE.
Covariance analysis was carried out due to the
significant differences found in the metabolic weight
(initial live body weights °7°) of the experimental
goat does (Atta, 2014). Data were statistically
analyzed using procedure of SAS (1991) according
the following model:

Yiik =p + Si + Bj + SBij + b (X —X) + €ijk

Where:

p = the overall mean; S; = the fixed effect of season
of the year (1=mild and 2=hot); B; = the fixed effect
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of breed type (1=crossbred and 2=Baladi); BS;; = the
interaction between the breed type and season of the
year; b = regression coefficient of Y on metabolic
weight; X = the arithmetic mean of metabolic weight;
eijk= random error.

Significance of the difference in the results was
verified by Duncan's new multiple ranges test
(Duncan, 1955).

Results
Effect of estrous cycle on experimental
measurements:

Rectal temperature (RT):

Analysis of covariance for obtained data revealed
highly significant variations in RT values due to
season (P<0.0001) in all estrous cycle phases (Table
1). All values recorded were within the normal range
of the goat breeds. Rectal Temperature was
significantly lower in mild season compared with in
hot season during estrous cycle. It recorded highest
value 40.03+0.11 °C during diestrus phase and
lowest value 39.69+0.14 °C during metestrus phase
in hot season, however in goat does subjected to mild
season it recorded highest value 39.01+0.21 °C
during diestrus and lowest value 38.38+£0.20 °C
during estrus phases. Change rate was +3.8%,
+2.3%, +2.6% and +3.7% during estrus, metestrus,
diestrus and proestrus, respectively in hot season.

On the other hand, RT showed significant variation
due to breed (P<0.05 or P<0.01) during estrus
phases, RT in Baladi goat does recorded highest
value during proestrus phase 39.9+0.24 °C and
lowest value during estrus phase 39.63+0.26 °C.
Similar trend of increase, but with lower rate was
found in crossbred goat does, which recorded highest
value during proestrus phase 39.59+0.21 °C and
lowest value during estrus phase 38.6+0.24 °C with
change rate -2.6%, -2.7%, -1.6% and -0.8% during
estrus, metestrus, diestrus and proestrus , respectively
in crossbred goat does (Table 1).

In respect of interaction between season and breed
showed significant effect (P<0.01) in RT values
during metestrus, also (P<0.05) during diestrus and
insignificant variation during proestrus and estrus
phases as shown in Table 1.

Skin temperature (ST):

Skin temperature was significantly lower (P<0.0001)
in mild season than in hot season during estrous
cycle. It recorded highest value 39.63+0.07 °C
during proestrus phase and lowest value 39.46+0.11

°C during metestrus phase in hot season, however in
goat does subjected to mild season it recorded
highest value 38.19+0.11 °C during diestrus and
lowest value 37.09+0.15 °C during metestrus phases.
Change rate was +5.2%, +6.4%, +3.5% and +4.1%
during estrus, metestrus, diestrus and proestrus,
respectively in hot season as shown in Table 1.

On the other side, ST showed insignificant variation
due to breed effect, ST in Baladi goat does recorded
highest during proestrus phase 38.98+0.22 °C and
lowest value during metestrus phase 38.19+0.38 °C,
however in crossbred goat does ST recorded highest
value during diestrus phase 38.82+0.23 °C and
lowest value during metestrus phase 38.36+0.37 °C
with change rate +0.4%, +0.4%, -0.2% and -0.6%
during estrus, metestrus, diestrus and proestrus,
respectively in crossbred goat does (Table 1).
Interaction between season and breed showed
insignificant variation in ST values during all phases
of estrous cycle (Table 1).

Respiration rate (RR):

Respiration rate was significantly lower (P<0.0001)
in mild season than in hot season during estrous
cycle. Respiration rate values increased in goat does
subjected to hot season during diestrus and proestrus
26.75 +0.51and 27.17+0.81 breathes/min.,
respectively then decreased thereafter to reach its
minimum  value at metaestrus  (21.92+0.45
breathes/min.). However, the rate of increase or
decrease differed according to the estrous cycle
phases. Similar trend of increase, but with lower rate
was found in goat does subjected to mild season
during diestrus and proestrus (15.83+£0.87 and 17.75
+0.79 breathes/min.), respectively then decreased
thereafter to reach its minimum value at metaestrus
(15.67£1.12 Dbreathes/min.). Change rate was
+41.05%, +39.9%, +68.9% and +53.1% during
estrus, metestrus, diestrus and proestrus, respectively
in hot season (Table 1).

Respiration rate showed insignificant variation due to
breed effect, RR during estrous cycle was lower in
crossbred, it recorded (19+1.12, 18+1.18, 20.42+1.74
and 22+1.92 breathes/min.) compared with Baladi
goat does (20.58+1.79, 19.58+1.32, 22.16+1.81 and
22.92+1.27 breathes/min.) during estrus, metestrus,
diestrus and proestrus, respectively. Change rate was
-71.7%, -8.1%, -7.9% and -4.01% during estrus,
metestrus, diestrus and proestrus, respectively in
crossbred goat does (Table 1).

Interaction between season and breed showed
insignificant variation in RR values during all phases
of estrous cycle (Table 1).
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Table 1. Least square means (+SE) for factors affecting rectal temperature, skin temperature (°C) and respiration rate (breathes/min) in goat does during estrous cycle.

Estrous cycle phases

Items Estrus Metestrus Diestrus Proestrus
RT ST RR RT ST RR RT ST RR RT ST RR
Vil 38.388 37.568 16.428 ss816 2005 3709 15.678 39.018 38.198 15.838 38.54 38.08° 17.758
+0.20 +0.21 +0.77 814025 1515 +1.12 +0.21 +0.11 +0.87 B+0.14 +0.11 +0.79
Lot 30.85%400 39507 23167 39.69 39,467 21.927 40.03 39.53 26.75A 30954401 39,637 27177
8 +0.15 +1.38 A+0.14 +0.11 +0.45 +0.11 +0.08 +0.51 0 +0.07 +0.81
)Cha”ge(% 438 5.2 +41.05 123 6.4 +39.9 126 35 168.9 137 141 1531
P-value  0.0001 0.0001 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Breed (B)  * NS NS wox NS NS * NS NS wox NS NS
. 39.63 39.79A 39.84A 39.907
Baladi oo 38454035 2058£L79 o1 3819%038 19584132 o0 os 38912022 22164181 00 38.98£022  22.92 +1.27
Crossbred  38.6°4024 38624033 19112 3571 ° 38354037 18:118 3920 38826023 20424174 3959 3873027 22 +1.92
6710, 62 0. £l +0.23 36 £0. £l +0.25 820. 425114 001 730, £l
fhange(% 26 104 77 27 +0.4 81 16 02 79 0.8 .06 401
P-value  0.0145 0.7669 0.7596 0.0010 0.6821 0.1169 0.0125 0.9249 0.2389 0.0002 0.4209 0.6874
S*T NS NS NS wox NS NS « NS NS NS NS NS
Mild
b
Baladi 3886022 37.35+023 17.0041.00 39.58°#0.06 37.01#0.25 16.83 +1.99 fgig 38284016 16.83+158 38.95+0.14 38.30+011 19.33+0.71
C
Crossbred  37.00 4010 37.784034 15834122 38.05°40.20 37.172018 1450 +1.02 fggi 38104015 14.833065 38134005 37.873016 16.16+1.14
(002?”96 25 +1.2 6.9 39 +0.4 138 22 05 119 21 11 -16.4
Hot
a
Baladi 4040011 39554012 2533+1.87 40.00°#0.18 3937018  22.33 £0.80 fgi‘é 39534017 27503072 40234010 39.65014 27.83+1.14
b
Crossbred  39.314014 3947029 21.00+1.71 39389010 3955:013  21.50 £0.43 fgﬁ 3053003 2600063 39.68:007 39.60:0.03 2650 +1.20
Change 27 0.2 171 16 +05 37 -1.02 0 55 14 01 48
(%)
P-value  0.6675 0.3583 0.0611 0.0081 0.8250 0.4473 0.0353 0.5785 0.7767 0.1555 0.1474 0.0676

Least square means with different letters (A and B or a, b and c) in the same column are significantly different at (P<0.05).
*= P<0.05, *o P<0.01, ***p<(0.0001 and NS= not significant
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Effect of pregnancy stages on experimental
measurements:

Rectal temperature (RT):

Inspection the effect of season on RT it is noticeable
that goat does recorded significant low (P<0.0001)
RT under mild season in comparison with hot season
during pregnancy stages (Table 2). Goat does
recorded lowest RT value in late preghancy stage
with values about 36.65 +0.26 °C and 39.35+0.15 °C
in mild season and hot season, respectively.
However, it recorded highest value during early
pregnancy with value 38.43+0.19 °C in mild season
and 39.85+0.16 °C in hot season. Change rate was
+3.7%, +4.2% and +7.4% during early, mid and late
pregnancy, respectively in hot season.

From the other side, RT showed significant variation
due to breed (P<0.05) during early and mid-
pregnancy stages, also (P<0.0001) during late
pregnancy stage, RT in Baladi goat does recorded
highest value (39.54+0.22 °C) during early and mid-
pregnancy stages and lowest value during late
pregnancy stage 38.62+0.36 °C. Similar trend of
increase, but with lower rate was found in crossbred
goat does, which recorded highest value during early
pregnancy 38.74+0.28 °C followed by mid-
pregnancy 38.54+0.27 °C and lowest value during
late pregnancy 37.37+0.47 °C with change rate -
2.02%, -2.5% and -3.2% during early, mid and late
pregnancy stages ,respectively in crosshbred goat does
(Table 2).

As presented in Table 2 interaction between season and
breed showed significant effect (P<0.05) on RT values
during late pregnancy stage, while insignificant
variation during early and mid-pregnancy stages 2.

Skin temperature (ST):

Skin temperature during pregnancy stages was lower in
mild (P<0.0001) compared with hot season, it recorded
36.95+0.19, 36.63+0.13 and 35.96+0.22°C in mild
season and 39.25+0.11, 39.51+0.09 and 38.89+0.16 °C
in hot season during early, mid and late pregnancy,
respectively with change rate was +6.2%, +7.9% and
+8.1% during early, mid and late pregnancy stages,
respectively in hot season (Table 2).

On the other hand, ST showed insignificant variation
due to breed effect, ST in Baladi goat does recorded
highest during early pregnancy stage 37.99+0.44 °C and
lowest value during late pregnancy stage 37.35+0.44
°C, similar trend was found in crossbred goat does ST
recorded highest value during early pregnancy stage
38.21+0.29 °C and lowest value during late pregnancy
stage 37.50+0.52 °C with change rate +0.6%, +0.7%
and +0.4% during early, mid and late pregnancy stages,
respectively in crossbred goat does (Tabl4e 2).

Skin temperature values showed insignificant variation
due to interaction between breed and season during all
pregnancy stages, except early pregnancy stage showed
significant effect (P<0.05) on ST values as shown in
Table 2.

Respiration rate (RR):

During pregnancy stages Baladi and crossbred goat
does recorded significant low (P<0.0001) RR under
mild season during early pregnancy with value about
24.08+0.5 breathes/min., also recorded significant
high during late pregnancy with value about
26.08+0.58 breathes/min., however the opposite
recorded significant low at hot conditions during late
pregnancy with value about 32.41
+0.77breathes/min. and high value during early
preghancy with value about 33.87+0.93 breath/min.
Change rate was +40.7%, +29.3% and +24.3%
during early pregnancy, mid pregnancy and late
pregnancy, respectively in hot season.

It can be seen from Table 2 that RR showed
insignificant variation due to breed effect, RR during
pregnancy period was lower in crossbred it recorded
28.33+1.49, 28.50+1.37 and 28.41+1.13
breathes/min. compared with Baladi goat does with
values 29.62+1.78, 29.20+1.14 and 30.08+1.16
breathes/min. during early, mid and late pregnancy
stages, respectively. Change rate was -4.4%, -2.4%
and -5.6% during early, mid and late pregnancy
stages respectively in crossbred goat does.

As shown in Table 2 RR values showed insignificant
variation due to interaction between breed and season
during all pregnancy stages.
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Table 2. Least square means (+SE) for factors affecting rectal temperature, skin temperature (°C) and respiration rate (breathes/min) in goat does during pregnancy period.

Pregnancy Period

Items Early pregnancy Mid-pregnancy Late pregnancy

RT ST RR RT ST RR RT ST RR
Season (S) *k*k **k%k *k*%k **k*%k *k%k **k*%k *k%k *k%k *k%k
Mild 38.43%+0.19 36.95°+0.19 24.085+0.50 38.235+0.19 36.635+0.13  25.16%+0.49  36.65°%+0.26 35.968 +0.22 26.08B +0.58
Hot 39.85A+0.16  39.25A+0.11  33.87A+0.93 39.85A+0.16  39.51A+0.09 32.54A+0.69 39.35°+0.15 38.89A+0.16  32.414+0.77
Change(%o) +3.7 +6.2 +40.7 +4.2 +7.9 +29.3 +7.4 +8.1 +24.3
P- value 0.0001 0.0001 0.0001 0.0001 0.0001 0.005 0.0001 0.0001 0.0001
Breed (B) * NS NS * NS NS falaied NS NS
Baladi 39.54A+0.22  37.99 +0.44 29.62 £1.78 39.544+0.22  37.95+0.44 29.20£1.14 38.62" +£0.36 37.3510.44 30.08 £1.16
Crossbred 38.74B+0.28  38.21+0.29 28.33 £1.49 38.548B+0.27  38.20+0.45 28.50 £1.37 37.378 +0.47 37.50 £0.52 28.41+1.13
Change(%o) -2.02 +0.6 4.4 -2.5 +0.7 -2.4 -3.2 +0.4 -5.6
P- value 0.0166 0.9375 0.1648 0.0207 0.1674 0.9421 0.0001 0.6738 0.1359
S*T NS * NS NS NS NS * NS NS
Mild
Baladi 39.00 +0.16 36.58°+0.24  24.25+0.87 39.00 £0.16 36.52 £0.15 25.83 +0.54 37.43¢ +0.07 36.08 +0.41 26.66 £0.80
Crossbred 37.87 £0.15 37.31°+0.19  23.91+0.58 37.67 £0.15 36.75 +0.20 24.50 £0.79 35.879+0.21 35.85 +0.22 25.50 £0.85
Change(%0) -2.9 +1.9 -1.4 -3.4 +0.6 -5.1 -4.2 -0.6 -4.4
Hot
Baladi 40.09 £0.27 39.40°+0.14  35.00+1.29 40.09 £0.27 39.38 £0.13 32.58+0.93 39.812 +0.05 38.61 +0.17 33.50+0.81
Crossbred 39.61 +0.11 39.402+£0.03  32.75+1.27 39.41 +0.11 39.65+0.12 32.50+1.11 38.88°+0.12 39.16 +0.24 31.33+£1.23
Change(%0) -1.2 -0.8 -6.4 -1.7 +0.7 -0.2 -2.3 +1.4 -6.5
P- value 0.0956 0.0182 0.4523 0.1884 0.9728 0.5366 0.0179 0.1927 0.6795

Least square means with different letters (A and B or a, b, ¢ and d) in the same column are significantly different at (P<0.05).
*= P<0.05, ***P<0.0001 and NS= not significant
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Effect of postpartum period on experimental
measurement:

Rectal temperature (RT):

Rectal temperature recorded significantly higher
values (P<0.01) in hot season compared with mild
season during day of parturition and 15 days
postpartum, while (P<0.0001) during 30 days
postpartum (Table 3). In hot season goat does recorded
highest RT wvalue during 15 days postpartum
(39.5+0.08 °C) and 30 days postpartum (39.5+0.07
°C), however it recorded lowest value during day of
parturition (39.27+0.13 °C), similar trend but with
lower rate was found in mild season goat does
recorded highest value during 15 days postpartum
(38.75+0.12 °C) and 30 days postpartum (38.38+0.10
°C), however it recorded lowest value during day of
parturition (38.66+0.21 °C). Change rate was +1.6%,
+1.9%, +2.9% during day of parturition, 15 days
postpartum and 30 days postpartum, respectively in
hot season (Table 3).

On the other side, RT showed significant variation
due to breed (P<0.05) during day of parturition and
15 days postpartum stages, while insignificant effect
during 30 days postpartum stage, RT in Baladi goat
does recorded highest value (39.10£0.18 °C) during
day of parturition stage and lowest value during 30
days postpartum stage 38.85+0.19 °C, while in
crossbred goat does recorded highest value during 15
days postpartum 39.08+0.13 °C and lowest value
during day of parturition 38.84+0.21 °C with change
rate -0.7%, -0.2% and +0.5% during day of
parturition, 15 days postpartum and 30 days
postpartum stages ,respectively in crossbred goat
does (Table 3).

Interaction between season and breed showed
insignificant effect in RT wvalues during all
postpartum period (Table 3).

Skin temperature (ST):

Skin temperature almost significantly higher under
hot season (°C) along the postpartum periods in
comparison with mild season (P<0.01) during day of
parturition and (P<0.0001) duringl5 days postpartum
and 30 days postpartum. Under hot season goat does
recorded high ST at 15 days postpartum (39.5+0.08
°C) and low ST at day of parturition (38.63+0.14
°C). However, under mild season goat does recorded
high ST at day of parturition (37.75+£0.21°C) and low
ST at 30 days postpartum (37.37+0.18 °C). Change
rate was +2.3%, +5.2% and 3.8% during day of
parturition, 15 days postpartum and 30 days
postpartum, respectively in hot season.

On the other hand, ST showed insignificant variation
due to breed effect during day of parturition and 15

days postpartum, while significantly affected
(P<0.01) during 30 days postpartum. Skin
temperature in Baladi goat does significantly higher
(P<0.01) in comparison with crossbred goat does
during 30 days postpartum, in Baladi goat does
recorded highest value during 30 days postpartum
stage (38.18+0.25 °C) and lowest value during day of
parturition stage (38.06+0.24 °C), in crossbred goat
does ST recorded highest value during day of
parturition stage (38.31+0.21 °C) and lowest value
during 30 days postpartum stage (38.00+0.27 °C)
with change rate +0.7%, +0.2% and -0.5% during
day of parturition, 15 days postpartum and 30 days
postpartum stages, respectively in crossbred goat
does as shown in Table 3.

Skin temperature values showed insignificant
variation due to interaction between breed and season
during all postpartum stages, except 15 days
postpartum (P<0.05) as shown in Table 3.

Respiration rate (RR):

RR recorded significantly higher values in hot season
than mild season during all postpartum periods
(P<0.05) during day of parturition and 15days
postpartum, while (P<0.0001) during 30 days
postpartum, it recorded highest value during 15 days
postpartum (27.75+£0.65 breathes/min) and lowest
value during 30 days postpartum (24.91+0.47
breathes/min) in mild season, also recorded highest
value during 30 days postpartum (29.58+0.69
breathes/min) and lowest value during 15 days
postpartum (29.16+0.79 breathes/min) in hot season
with change rate +9.6%, +5.1% and +18.7% during
day of parturition, 15 days postpartum and 30 days
postpartum, respectively in hot season (Table 3).
Respiration rate showed significant variation due to
breed effect in all postpartum stages, (P<0.01) during
15 days postpartum and 30 days postpartum and
(P<0.05) during day of parturition, RR during
postpartum period was lower in crossbred it recorded
26.41+0.86, 27.00+0.54 and 26.08+0.88
breathes/min. compared with Baladi goat does
(29.83+0.93, 29.91+0.69 and 28.41+0.81
breathes/min.) during day of parturition, 15 days
postpartum and 30 days postpartum stages,
respectively. Change rate was -11.5%, -9.7% and -
8.2% during during day of parturition, 15 days

postpartum and 30 days postpartum stages,
respectively in crossbred goat does (Table 3).
Respiration rate values showed insignificant

variation due to interaction between breed and season
during all postpartum stages, except 15 days
postpartum (P<0.05) as shown in Table 3.
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Table 3. Least square means (£SE) for factors affecting rectal temperature, skin temperature (°C) and respiration rate (breathes/min) in goat does during postpartum period.

Postpartum period

Items Day of parturition 15days Postpartum 30days Postpartum

RT ST RR RT ST RR RT ST RR
Season (S) *k *k * ok - * - [— [—
Mild 38.668+0.21  37.758+0.21 26.838+1.06 38.758+0.12 37.568 +0.19 27.758 +0.65  38.38+0.10  37.378+0.18  24.91B+0.47
Hot 39.274+0.13  38.63*+0.14  29.414+0.83  39.50°+0.08 39.504+0.08  29.16°+0.79  39.507+0.07  38.80+0.09  29.58"+0.69
Change(%)  +1.6 +2.3 +9.6 +1.9 +5.2 +5.1 +2.9 +3.8 +18.7
P- value 0.0026 0.0038 0.0360 0.0012 0.0001 0.0494 0.0001 0.0001 0.0001
Breed (B) * NS * * NS fal NS o o
Baladi 39.107£0.18  38.06 +0.24 29.83A+£0.93  39.174%0.17  38.13+0.22 29.91A+0.69  38.85+0.19 38.182+0.25  28.41A+0.81
Crossbred 38.84B+0.21  38.31+0.21 26.418+0.86  39.08%+0.13  38.20+0.26 27.008+0.54  39.03+0.19 38.008£0.27  26.08% £0.88
Change(%) -0.7 +0.7 -11.5 -0.2 +0.2 -9.7 +0.5 -0.5 -8.2
P- value 0.0197 0.9712 0.0403 0.0415 0.2740 0.0011 0.4534 0.0039 0.0034
S*T NS NS NS NS * * NS NS NS
Mild
Baladi 37.73+0.19 38.06+0.24 27.83+1.35 38.90+0.14 37.36°+0.07 28.33" £0.99 38.31+0.16 37.20+0.14 26.00 +0.52
Crossbred 37.76 £0.40 38.31+0.21 25.83 +1.66 38.61+0.18 37.76 +0.39 27.16° +0.87 38.45+0.15 37.55+0.33 23.83+0.48
Change(%)  -0.3 +0.08 -7.2 -0.7 +1.1 -4.1 +0.4 +0.9 -8.3
Hot
Baladi 39.48 £0.09 38.36 £0.21 31.83+0.60 39.55+0.13 38.502+0.11 31.50% +0.34 39.40 £0.10 38.81 £0.10 30.83 +£0.45
Crossbred 39.06 £0.22 38.90 +0.10 27.00 +0.58 39.45+0.11 39.00%+0.16 26.83° +0.70 39.61 +0.07 38.80+0.18 28.33+1.09
Change(%) -1.1 +1.4 -15.2 -0.3 +1.3 -14.8 +0.5 -0.03 8.1
P- value 0.7367 0.2482 0.2828 0.0846 0.0273 0.0336 0.7488 0.1687 0.6867

Least square means with different letters (A and B or a, b) in the same column are significantly different at (P<0.05).
*= P<0.05, **= P<0.01, ***P<0.0001 and NS= not significant
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Discussion

The present results revealed that RT was significant
increased during hot than mild season throughout
estrous cycle, pregnancy stages and postpartum
periods. These increases in RT under hot summer
conditions indicated that animals were subjected to
heat stress (Alamer and Al-Hozab, 2004; Al-
Haidary et al., 2012; Minka and Ayo, 2012; Al-
Samawi et al., 2014). Animals maintain the body
temperature  thermal  equilibrium  congeners
dispersion of excess heat from their bodies, when
exposed to high temperatures. This is accompanied
by many biological functions, and that an increase in
the rate of breathing or panting is the most obvious
reaction. Under these circumstances, the animal body
temperature expressed in increased body temperature
when the body fails to maintain thermal equilibrium
(Marai et al., 2007). Furthermore, Fahmy (1994)
and Marai et al., (1997) reported that heat stress
(HS), increased RT in goats.

The significant increase in RT (increase in heat
storage) during hot season may be due to insufficient
heat loss mechanisms as suggested by LU (1989) or
it may be a thermal ability which decreases heat gain
from the surrounding atmosphere by convection,
conduction and radiation, showing adaptation of the
animal as suggested by MacFarlane (1968) on
camel. In the present study it may be due to
insufficient heat loss because heat production
increased with the increase in body temperature.
Dahlanuddin and Thwaites (1993) reported that the
limits of heat tolerance for goats is between 35 to 40
°C and the thermoneutral zone was suggested to be
25 to 30 °C above which rectal temperature may rise
due to insufficient heat loss mechanisms. Also,
Ominski et al., (2002) found that the relatively high
environmental temperature increased RT.
Furthermore, McDowell et al., (1976) reported that a
rise of 1°C or less in RT is enough to reduce
performance in most livestock species, which makes
rectum temperature (body temperature) is a sensitive
indicator to ambient temperature in dairy cows. On
the other hand presented results disagree with
findings of Itoh et al., (1998) who reported that the
RT was not affected by heat exposure in nonlactating
dairy cows. Obtained results agree with Ogebe et al.
(1996) who informed that season significantly affect
rectal temperature of purebred and crossbred goats.
Generally, during estrous cycle, pregnancy and
postpartum period ST obviously and significantly
decreased during mild season compared with hot
season. These results are in agreement with
Khalifa(1982); EI-Sherbiny et al., (1983); El-
Shafie (1997); Abd EI- Ghany (1997) and Abd EI-
Khalek (1997). Shalaby (1985) reported that
seasonal change in ST of sheep was maximum values
during summer and minimum during winter. The
relation between ST and (AT) was explained by Folk
(1974) as a function of blood vessels constriction
during cold weather (vasoconstriction) to reduce

blood flow and heat loss from the skin, while
vasodilation at high temperature will result in
increased blood flow and heat loss from the body. In
addition, EI-Sherbiny et al., (1983) found that
increasing air temperature from 10°C to 40°C
increased skin temperature significantly. Moreover,
Montsma et al., (1985) stated that ST was more
affected by ambient temperature than rectal
temperature. Range of ST (37.0 to 39.4°C) was wider
than that of rectal temperature (38.9 to 39.9°C) when
AT ranged from 20-35°C. Furthermore, significant
increase in ST during summer was related to
vasodilatation of skin capillary bed and consequently
increases the blood flow to the skin surface to
facilitate heat dissipation (McManus et al., 2009).
Significant decrease of ST during winter was related
to compensatory blood redistribution from the
peripheral back to the visceral regions of the body
(Al-Tamimi, 2007).

The current results are in agreement with the finding
of Okourwa et al., (2013) who reported that,
respiratory rate is practical and reliable measure of
heat load and stated that respiratory rate above 12 to
20 breath/minute in sheep and goats is an indicator of
heat stress. As well as, Minka and Ayo, (2012)
stated that increase of respiratory frequency
following heat stress (HS) had been previously
reported in livestock, including goats. Also, Alamer
and Al-Hozab, (2004) demonstrated that RR was
used as an indicator of HS, and used to estimate the
negative effects of the environmental temperature.
The increase of RR during summer season in the
present study indicate HS and animal panting was
one of the mechanisms used to dissipate excess heat
through evaporation (Marai et al.,, 2007 and Al-
Haidary et al., 2012).

Rectal temperature results for the effect of breed
illustrated that crossbred goat does were less affected
by climatic condition compared with purebred goat
does. It was found that rectal temperature of Baladi
goat does was smaller high than those of crossbred;
these results disagree with Muller and Botha (1998)
who reported that crossbred Sindhi-Jersey cows
showed a smaller increase in rectal temperature in
comparison with pure Jersey cows under similar
climatic conditions. On the other hand, obtained
results agree with findings of Pastsart et al., (2006)
and Molee et al., (2011) who found that Holstein
crossed with local breeds in the tropics and
subtropics perform better than the purebred Holstein
and were also resistant to heat stress.

Skin temperature results showed no significantly
difference between crossbred and purebred goat does
during hot season. This result goes in agreement with
Tarek, (2002) who reported that no significant
differences were observed in skin temperature
between different breeds during summer. On the
other side, results obtained for the breed effect on RR
indicated that insignificant variation between
crossbred and Baladi goat does, while RR of Baladi
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goat does was slightly higher compared with those of
crossbred, this results disagree with Olson et al.,
(2002) who reported that (Holstein x Senepol)
crosshred cattle had fewer breaths per minute (P <
0.05) than purebred (Holstein cattle). While,
Mahmut et al.,, (2006) informed that RR was
significantly different among breeds and RR in
purebred was smaller increase compared with
crosshred goats.

In conclusion, this study revealed that crossed zaraibi
with Baladi goat does perform better and were more
adapted to the subtropical conditions of Egypt in
comparison with the purebred Baladi goat does, it
showed decrease in thermoregulatory responses
especially rectal temperature during some stages of
estrous, pregnancy and postpartum periods in
particullary under hot season.
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