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Abstract
Drastic climatic changes threaten animal productivity and prolificacy, whose adaptability is governed by its 
pheno- and genotypic traits. This study was aimed at investigating the effect of coat color on the adaptability 
of goat bucks under heat stress conditions from the perspectives of testicular blood flow (TBF) and biometry, 
reproductive hormones, and semen quality. Twenty bucks (Capra hircus) bearing different coat colors were selected 
from a large flock and divided into four equal groups (n = 5 each) as follows: black coat (BC; 100% black), brown 
coat (BrC; 100% dark brown), white coat (WC; 100% white), white-black coat (WBC; 50–60% white). Bucks were 
examined for TBF [Doppler ultrasonography and serum nitric oxide (NO)], testosterone (T) and luteinizing hormone 
(LH), seminal plasma oxidative biomarkers [catalase (CAT), total antioxidant capacity (TAC), and malondialdehyde 
(MDA)], and sperm traits percentages [progressive motility (PM), viability (SV), normal morphology (NM), and 
sperm concentration (SC) once a week for seven consecutive weeks (W1-W7) in the summer season (temperature 
humidity index = 88.4–92.2). Specifically, at W3-W7, darker bucks (BC and BrC) testicular volume, testicular colored 
area, T, NO, CAT, TAC, PM, SV, NM, and SC (W7 only) differed significantly (P < 0.05) by decrease than the lighter ones 
(WC and WBC). Both Doppler indices and serum MDA concentrations were elevated (P < 0.05) at W3-W7 in the BC 
and BrC bucks compared to WC and WBC groups. In conclusion, bucks with lighter coats were more resistant to 
the negative effects of HS on TBF, seminal oxidative biomarkers, and semen quality.
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Introduction
Climatic fluctuations are considered a mega-challenge 
for animal production and prolificacy, being the worst in 
heat stress (HS) circumstances [1]. Recently, there were 
witnesses of progressive elevations in ambient tempera-
ture covering not only the tropics and subtropics but also 
temperate and cold territories. Animal fertility is com-
promised during hot months, being the least when the 
temperature humidity index (THI) exceeds the thermo-
tolerance capacity of their bodies [2]. HS impairs the tes-
ticular function with hemodynamics, semen quality, and 
fertilizing potential, mainly due to oxidative stress (OS) 
[3]. Huge efforts have been made to ameliorate HS’s neg-
ative impacts, including modifications in management, 
nutrition, and environment, as well as the pre-selection 
of heat-tolerant species or breeds for optimum produc-
tivity [4–6]. A body of evidence has indicated that heat 
tolerance is governed by pleiotropic factors including 
species, breed, altitude, season of birth, genetic variation, 
and coat type and color [7].

Coat color is governed by the melanocortin sys-
tem under the effect of the proopiomelanocortin gene 
(POMC). POMC prohormone translation triggers mela-
nocortin peptides [α-, β-, γ- melanocortin stimulating 
hormone (MSH), and adrenocorticotropic hormone 
(ACTH; [8]. Melanocortin receptors in the skin bind 
either with melanocortin peptides (forming black coat 
color eumelanin) or agouti signaling protein (melanocor-
tin antagonist, forming yellow coat color pheomelanin) 
[9]. It has been reported that darker males are more sexu-
ally active than lighter ones, owing to the higher andro-
gen levels in darker males’ circulation [10]. Recently, 
Nejad et al. [11] proved that white-colored cows were 
more stressed by cold weather than black ones as indi-
cated by higher cortisol and lower serotonin levels in 
their hair samples. Contrary data indicated that white-
colored cows presented more resilience against HS con-
ditions than black cows [12, 13]. Hence, the selection of 
males with phenotypic traits that make them more toler-
ant to adverse environmental stressors is beyond crucial 
for overwhelming its undesirable impacts on testicular 
functions and male reproductive patterns.

Since bucks have a diversity of coat colors ranging from 
dark to white and mixed; the authors hypothesized that 
coat color would affect their reproductive competence 
under HS circumstances. The hypothesis was tested by 
monitoring the testicular hemodynamics and volume, 
circulating hormones and oxidative biomarkers, and 
semen traits throughout the whole spermatogenesis (47 
days) in different colored bucks under environmental HS 
conditions (summer season).

Materials and methods
Bucks and management
Twenty Baladi bucks of 2.4 ± 0.3 years of age with an 
average body weight of 42.3 ± 2.3  kg were selected for 
the current investigation. Bucks were normal breed-
ers, having fertile records and being free from internal 
and andrological problems. Bucks were housed indoors 
with free exit an hour before sunset for 30  min daily. 
They were fed a balanced diet as per the NRC (2007) 
requirements, composed of green fodder (1.25 kg/head/
day) and pelleted concentrates (400 g/head/day) with ad 
libitum access to water and mineral licks. The percent-
age of the animals’ body weight fed to bucks (concen-
trates) = amount of concentrates/average body weight * 
100 = 0.4/42.3*100 = 0.94%.

Study design
The present investigation was performed during the 
summer season (July-August 2021). Bucks were selected 
and divided (n = 5 each) following their coat color into 
white (WC, 100% white), black (BC, 100% black), white 
and black (WBC, 60–70% white), and brown (BrC, 
100% brown). The bucks’ heat stress level was assessed 
based on the temperature-humidity index (THI) as per 
the formula of THI = (1.8*T + 32) – {(0.55 − 0.0055*RH)
(1.8*T − 26), where T is the ambient temperature (oC) 
and RH-relative humidity (%) [14]. Calculated THI val-
ues (outdoor shed) were between 88.4–92.2, which indi-
cated heat stress circumstances [15]. The heat stress that 
examined bucks were exposed ranged from 6–9 h/day 
throughout the study timeline. Once/week (W1-W7), 
Bucks were examined for testicular hemodynamics, vol-
ume, hormonal, biochemical analysis, and semen quality. 
The study timeline (7 weeks) was for spermatogenesis in 
goats. Environmental parameters (temperature, rela-
tive humidity, temperature humidity index, wind speed, 
and solar radiation) in Giza city, Giza governorate, Egypt 
throughout the study timeline as obtained from the 
meteorological authority, Cairo, Egypt are presented in 
Table 1.

Testicular ultrasonography
Color Doppler ultrasonography was accredited for testic-
ular hemodynamic (TH) assessment [3]. To begin with, 
scrotal hair covering the testes and the spermatic cord 
was clipped and shaved. Controlling of the examined 
bucks was performed with a co-worker’s aid and with-
out any sedatives. On action, the linear ultrasound probe 
(6-7.5  MHz; EXAGO, ECM co., France) was placed on 
the lateral surface of the testis (testicular length, cm; TL) 
and crossed 90 o (testicular width, cm; TW) followed by 
probe crossing on the anterior border of the testis (thick-
ness, cm; TT). Testicular volume (TV. cm3) was calcu-
lated using the following formula: TV = 4/3π TL*TW*TT 
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[16]. For TH evaluation, the device probe was obliquely 
placed on the attached pole of the testis, seeking visu-
alization of the testicular artery vascular cone, followed 
by activation of color flow mode to assess the total-col-
ored area (TCA) within the testicular vascular cone in 
the spermatic cord area. Adobe Photoshop 64 CC soft-
ware was applied to estimate the coloration in the frozen 
images that was later presented as pixels. Pulsed-wave 
Doppler was performed for measurement of pulsatility 
and resistive indices (PI and RI) of blood flow within the 
testicular artery. A minimum of three consecutive waves 
per testis is required for Doppler indices measurement 
[16].

Serum harvesting and hormonal analysis
Serum samples were obtained by centrifugation of the 
plain-tubed jugular blood (5 ml) at 3000 RPM for 15 min, 
followed by deep-freezing at -20 oC until further analysis. 
Testosterone (T) and LH levels were measured follow-
ing radioimmunoassay utilizing commercial goat-specific 
ELISA kits (SunLong Biotech Co., China) with an intra-
assay variance factor of 10–12% and minimal detectable 
levels of 0.05 ng/ml. All serum samples were analyzed 
after the study ended; therefore, there was no inter-assay 
variance factor [17].

Semen quality assessment
Ejaculates were obtained using an electro-ejaculator in a 
37 oC prewarmed falcon tube (50 ml) once/week at 8:00 
AM. Immediately, the ejaculate volume was measured by 
a micropipette. Sperm forward movement was assessed 
by placing a 2 µl of a diluted semen sample [1:20; sodium 
citrate dihydrate 2.9%, (v/v)] on a 37 oC preheated glass 
slide and cover slipped, utilizing a heated-stage (37 oC) 
phase-contrast microscopy (Olympus, Japan), the per-
centage of sperm rectilinear motility in a minimum of 
five fields [18]. Sperm motility was assessed on a 5-point 
scale, and the presented data were for the average of each 
group (n = 5). Sperm plasmalemma integrity was assessed 
using the eosin-nigrosin staining technique, where 
1.67 g eosin was mixed with 10 g nigrosine in a 100 ml 
sodium citrate dihydrate (2.9%) solution. A mixed drop 
[1:3, v/v)] of the stain and diluted semen was spread on 

a prewarmed slide (37 oC) and examined using a phase-
contrast microscope (400x) for stain uptake (dead, 
pinkish sperm) or not (viable, colorless sperm). Morpho-
logical evaluation was performed using the slide of mem-
brane integrity evaluation (1000x, oil immersion lens) 
for detection the of sperm abnormalities (head defects, 
midpiece defects, cytoplasmic droplets, and tail defects). 
A minimum of 300 sperm/slide were examined routinely 
in a duplicate smear for validity assurance. The data for 
membrane integrity and morphology were expressed as 
percents 0-100 [19].

Assessment of seminal plasma oxidative biomarkers
Seminal plasma (SP) was harvested from the centrifuged 
neat semen samples (2000  g for 15  min at 4 oC) and 
stored at -20 oC for further assessment. For inter-assay 
variations exclusion, all the oxidative biomarkers (W1-
W7) were assayed on the last day of the experiment. TAC 
(mM/L), MDA (mM/ml), and NO (µM/L) concentrations 
were measured calorimetrically whereas, CAT (U/L) 
activity was measured using commercial photometric 
kits following the producer’s instructions (Bio-diagnos-
tics Co., Gizah, Egypt), specifically at a wavelength of 510, 
534, 534, and 520 nm (Spectrophotometer, USA) [20, 21].

Statistical analysis
Shapiro-Wilk and Levene tests were initially assigned 
for normality and homogeneity data assurance, respec-
tively, which was accredited with a probability over 0.05. 
Repeated measures two-way ANOVA was used to exam-
ine the effect of coat color (fixed factor; WC, BC, BrC, 
and WBC) on testicular hemodynamics (RI, PI, and 
TCA) and volume, hormones (T and LH), semen quality 
(PM, SV, NM, and SC), NO and seminal oxidative bio-
markers (CAT, TAC, and MDA) as dependent variables 
during the experimental timeline (time effect; W1-W7). 
Results with a probability less than 0.05 were considered 
significant. All statistical analyses were performed using 
the statistical package for the social sciences (SPSS 25, 
USA).

Table 1  Environmental parameters (temperature, relative humidity, temperature humidity index, wind speed, and solar radiation) at 
Giza city, Giza governorate, Egypt during the study timeline (W1-W7; July and August 2021)
Environmental parameters Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
Temperature (oC) 38.00 ± 3.36 36.9 ± 0.89 38.04 ± 0.84 38.71 ± 1.31 40.11 ± 1.39 38.9 ± 0.89 38.4 ± 1.21

Relative humidity (%) 48.50 ± 0.35 55.51 ± 0.43 55.01 ± 0.51 56.75 ± 0.64 46.52 ± 0.49 59.5 ± 0.71 61.25 ± 0.91

Temperature humidity index 88.4 ± 1.32 88.5 ± 0.96 89.9 ± 1.23 91.2 ± 0.83 90.5 ± 0.75 92.2 ± 0.65 91.9 ± 0.37

Solar radiation (W/m2) 925 ± 65 895 ± 54 955 ± 63 973 ± 46 951 ± 36 1012 ± 117 987 ± 87

Wind speed (m/s) 3.32 ± 0.82 2.87 ± 0.49 3.45 ± 1.20 3.41 ± 0.88 3.01 ± 0.81 2.80 ± 0.72 3.07 ± 0.55
Data is presented as weekly means ± standard deviation. W/m2 = Watts/ square meter; m/s = meter/second. Temperature humidity index = (1.8*T + 32) – 
{(0.55 − 0.0055*RH) (1.8*T − 26), considered as T and RH for ambient temperature (oC) and relative humidity (%), respectively [14]
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Results
Effect of coat color on testicular volume and 
hemodynamics
Testicular volume and hemodynamics (RI, PI, and TCA) 
were affected (P < 0.05) by coat color, weeks, and their 
interaction (Fig.  1). In detail, there were significant 
(P < 0.05) decreases in the TV values noted at W3 and 
have continued gradually to the end of the study at W7 
in the BC and BrC bucks compared to their means at 
W1. Particularly at W3-W7, darker bucks’ (BC and BrC) 
TV means differed significantly (P < 0.05) by declination 
compared to the lighter ones (WC and WBC). Through-
out the study timeline (W1-W7), there were no signifi-
cant alterations in the TV records of the WC and WBC 
bucks (Fig. 1A).

Regarding the testicular hemodynamics alterations, the 
values of PI in the BC and BrC started to increase at W3, 
peaked (P < 0.05) at W4, and held on till the study ended 
(W7). The pattern of PI increases at W3-W7 in the BC 

and BrC bucks was more prominent (P < 0.05) compared 
to the WC and WBC groups. However, the RI increase 
was more pronounced in the BC than the BrC bucks that 
had the RI peak at W7. The RI and PI values of WC and 
WBC showed non-significant increases during the exper-
imental time points (Fig. 1B C). Darker bucks witnessed 
a drastic drop in the TCA starting at W3 and being the 
least at W7. In the same manner, the TCA value decrease 
was prominent (P < 0.05) at W3-W7 in the BC and BrC 
groups compared to the WC and WBC bucks. Non-sig-
nificant decreases were noted in the WC and WBC bucks 
throughout the study timeline (Fig. 1D).

Effect of coat color on concentrations of T, LH, and NO
Concentrations of T (Fig.  2A) and NO (Fig.  2C) were 
affected by coat color, weeks, and coat color × week inter-
action (P < 0.05, for all), but not LH (Fig. 2B). Levels of T 
in the BC and BrC bucks gradually decreased reaching 
the significant point at W4 (P < 0.05) and became steady 

Fig. 1  The changes in testicular volume (TV, cm, A), pulsatility index (PI, B), resistance index (RI, C), and the total-colored area (TCA; pixel, D) in bucks with 
different coats colors (WC, BC, WBC, and BrC; n = 5 each) in the summer season (W1-W7; THI > 88.3). Data are presented as means ± standard errors of the 
means (SEM). Wks = weeks, WC = white colored, BC = black colored, WBC = white-black colored (50–60% white), BrC = brown colored, THI = temperature 
humidity index. Means with different superscripts are significantly different at P < 0.05. *Values in each measure are different at least at P < 0.05 between 
the groups (BC and BrC Vs WC and WBS)
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onward. Compared to the WC and WBC bucks, the T 
concentrations in the BC and BrC bucks declined clearly 
(P < 0.05) at W4-W7. There were no significant altera-
tions in the means of T in the WC and WBC among the 
studied time points.

Earlier than the T changes, the NO concentrations 
were abruptly dropped at W3 (P < 0.05) and found 
their way to W7 in a constant attitude. In a descending 

manner, the pattern of NO decreases in all groups was 
as follows: BrC, BC, and WC, respectively. However, the 
significance (P < 0.05) of the NO decreasing pattern was 
observed between the darker ducks (BrC and BC) and 
the lighter ones (WC and WBC). Whereas the changes in 
the NO levels among the experimental time points in the 
WC and WBC were nonsignificant.

Effect of coat color on seminal oxidative biomarkers (CAT, 
TAC, and MDA)
There were effects of coat color and weeks (P < 0.05, 
for both) on the MDA concentrations in the bucks’ SP 
(BC, BrC, WC, and WBC) under HS conditions (Fig. 3). 
MDA (nM/mL) levels (Fig. 3A) of the BC and BrC bucks 
increased significantly (P < 0.05) at W6-W7 compared to 
their values at W1-W5; while in the WC and WBC, there 
were no significant changes among the study weeks. In 
addition, TAC (mM/L) concentrations (Fig. 3B) and CAT 
(U/Ml) activity (Fig.  3C) were affected by color, weeks, 
and their interaction (P < 0.05), showing the same trend 
by decreasing specifically at W4-W6 in the BC and BrC 
groups compared to the WC and WBC bucks, which 
were merely constant throughout the experiment.

Effect of coat color on semen traits
As presented in Tables 2 and 3, color coat, weeks of HS 
conditions, and the interaction between them affected 
(P < 0.05, for all) sperm traits of the experimental bucks, 
including sperm progressive motility (PM, %), viability 
(SV, %), and normal morphology (NM, %), but not sperm 
concentration (SC, 109 cell/ml), which was affected only 
by weeks. All bucks bearing different colors witnessed a 
decrease in PM % starting from W3 for BC and BrC bucks 
and onward, being the least at W7, while PM % decreased 
later in WC and WBC at W6-W7 and W7, respectively, 
compared to their values at W1 (P < 0.05). There was spe-
cific timing (W3-W7) unveiling the significant decrease 
in PM % in darker bucks (BC and BrC) over the lighter 
ones (WC and WBC). In addition, starting at W3, SV % 
decreased obviously (P < 0.05) in the BC and BrC bucks, 
reaching the least significant values at W7, whereas the 
first significant (P < 0.05) point of SV % in WC and WBC 
was at W7. Furthermore, starting at W3 and W4 for BC 
and BrC, respectively, and ending at W7, SV % decreased 
markedly (P < 0.05) compared with WC and WBC. For 
NM%, there were decreases (P < 0.05) at W3-W7 for BC 
and BrC bucks and W5-W7 for WC and WBC compared 
with their means at W1. Specifically, at W4-W7, darker 
bucks possessed lower values of NM % than lighter ones 
(P < 0.05). Irrespective of their coat colors, all experimen-
tal bucks had the least significant decrease in their SC at 
W7 (P < 0.05) compared to other time points.

Fig. 2  The changes in testosterone (T.ng/mL, A), luteinizing hormone (LH, 
ng/mL, B), and nitric oxide levels (NO,µmol/L, C) in bucks with different coat 
colors (WC, BC, WBC, and BrC; n = 5 each) in the summer season (W1-W7; 
THI > 88.3). Data are presented as means ± standard errors of the means 
(SEM). Wks = weeks, WC = white colored, BC = black colored, WBC = white-
black colored (50–60% white), BrC = brown colored, THI = temperature hu-
midity index. Means with different superscripts are significantly different at 
P < 0.05. *Values in each measure are different at least at P < 0.05 between 
the groups (BC and BrC Vs WC and WBS)
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Discussion
Nowadays, drastic fluctuations in climatic changes 
attract scientific concerns to explore definite solutions 
for the alleviation of its health hazards [22]. The selec-
tion of heat-tolerant phenotypic traits is crucial in males 
for optimum reproductive performance during heat 
stress (HS) conditions [23]. The color of the coat, from 
a morphological perspective, is crucial to the devel-
oped adaptation and is regarded as a qualitative mea-
sure demonstrating the genetic adaptability of animals 
to hot circumstances. Compared to animals with darker 
coats, those with lighter coats reflect between 50 and 60 

percent of direct sun radiation and absorb less heat [24]. 
The West African dwarf goats’ fine, short, and straight 
hair aids in their adaptation to hot, humid surround-
ings. The color of their coat controls the amount of radi-
ant heat load that is absorbed from the environment and 
reflected from their body [25]. Goats are homeother-
mic animals that are capable of regulating their body 
temperature when exposed to high temperatures. The 
respiratory system and the skin surface both function 
to dissipate excess heat [26]. Goats produce less meta-
bolic heat when exposed to solar radiation up to 800 W/ 
m2, and they produce more at levels above this because 
increased respiratory rate and flow slow down growth, 
output, and reproduction. However, the ratios of oxygen 
consumed, and carbon dioxide produced are kept con-
stant [27]. Goats respond to HS through several mecha-
nisms including behavioral, physiological, hormonal and 
molecular modulations [28].

This study monitored the testicular hemodynamics, 
circulating hormones, semen quality, and oxidative bio-
markers in bucks bearing different coat colors (WC, BC, 
WBC, and BrC) throughout the 7-wk of spermatogenic 
cycle in the summer season (THI > 88.3) for selection 
of the most heat-tolerant bucks according to their coat 
color. In this study, the testicular hemodynamics (RI, PI, 
and TC) were affected by coat color, with the elevation of 
RI and PI values and a decrease in TC starting from W3 
and onward in the BC and BrC groups compared to the 
WC and WBC groups. The increase in RI and PI and a 
decrease in TC could be interpreted by a higher vascu-
lar resistance and lower vascular flow and consequently 
lower testicular perfusion [29]. These results indicated 
that the lighter coat color bucks (WC and WBC) were 
resistant to the adverse impacts of heat stress on tes-
ticular hemodynamics than the darker bucks. Testicular 
blood flow reduction observed in the current study is cor-
roborated by previous studies conducted on goats [30], 
rams [31, 32], and buffalo bulls [33]; these studies con-
cluded that either environmental or induced testicular 
HS decreased its blood perfusion. Explanation of the first 
2-wk effect of HS exposure on the testicular blood flow 
pattern of the examined bucks may be due to the com-
pensatory mechanism exerted by the endogenous antiox-
idant systems that overcame the post-HS oxidative stress 
cascade followed by exhaustion from W3 and onward 
[34]. The latter theory is corroborated by the elevated 
seminal TAC and CAT levels during the first 2-wks of 
the experiment followed by a gradual decrease being the 
least at the end of the study. The NO levels were matched 
with the hemodynamic pattern starting to decline at W3 
following the exhaustion of the antioxidant system. It was 
reported that higher free radicals (especially superoxide 
anion) generation in stressful conditions compulsively 
attack NO forming the high prooxidant peroxynitrite 

Fig. 3  The changes in seminal plasma levels of malondialdehyde (MDA; 
nM/mL, A) and total antioxidant capacity (TAC; mM/L, B) and activities of 
catalase (CAT; U/Ml, C) in bucks with different coat colors (WC, BC, WBC, 
and BrC; n = 5 each) in the summer season (W1-W7; THI > 88.3). Data are 
presented as means ± standard errors of the means (SEM). Wks = weeks, 
WC = white colored, BC = black colored, WBC = white-black colored 
(50–60% white), BrC = brown colored, THI = temperature humidity index. 
Means with different superscripts are significantly different at P < 0.05. 
*Values in each measure are different at least at P < 0.05 between the 
groups (BC and BrC Vs WC and WBS)
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molecule and ultimately lower the circulatory NO lev-
els [17, 35]. The NO being an endothelial modulator and 
vasodilator element, its low availability initiates vasocon-
striction, and testicular blood flow declines [36, 37]. The 
privilage in lighter bucks over darker ones in heat stress 
tolerance may be due to the higher heat convection fea-
ture from one side [26], and genetic based heat adapt-
ability from the other side [38]. Recently, Venkatesh et al. 
[38] explored a number of haplotypes among which the 
three (CCGG, TCGG, and CCTC) that are linked with 
white coat goats are associated with lower heat stress 
response (cortisol levels, rectal and skin temperature, and 
respiratory rate).

Electronic assessment of the testicular volume provides 
actual testicular dimensions irrespective of the adjacent 
scrotal and epididymal tissues [39]. At W4-W7 of the 
experiment, there was a significant decline in the TV val-
ues in the BC followed by BrC groups compared to WC 
and WBC groups. TV values decrease upon chronic heat 
stress exposure primarily due to apoptosis [40]. Hedia 
et al. [41] carried out a monthly evaluation of TV in 
rams and found that the least TV measurements during 
the time of heat stress conditions (summer season). As 
reviewed by Shahat et al. [5], a 30% of the antiapoptotic 
genes (BCL2) are reduced in bulls and mice just after 24 

h after heat exposure. It was reported that chronic HS 
exposure deteriorates germinal epithelium, Sertoli, and 
Leydig population in rats [42]. In addition, HS decreases 
seminiferous tubules’ diameter and increases interstitial 
tissue space [43]. Moreover, the lower testicular blood 
flow noted in the present study might have affected the 
testicular fluid volume [44]. These are the possible expla-
nations for the differences in TV between the darker and 
lighter bucks, the former of which were more susceptible 
to heat-stress [45]. Furthermore, it was reported that tes-
tosterone levels are positively correlated to TV; therefore, 
the decrease in T concentrations noted in the present 
study supports the TV changes [46].

Semen traits of the lighter coat bucks (WC and WBC) 
showed more resilience against HS effects than the 
darker coat bucks (BC and BrC) regarding the percent-
ages of progressive motility, viability, normal morphol-
ogy, and concentration, being the best in the WBC group. 
It has been reported that white-coat cows are less respon-
sive to the adverse effects of HS than black-coat cows evi-
denced by lower serum cortisol concentrations [12]. As 
reviewed by Shahat et al. [5], the negative effect of HS is 
governed by the extent and duration of heat exposure, 
and the deteriorating effects may appear as early as 14 
days post-exposure. Herein, all the experimental bucks 

Table 2  Semen parameters (progressive motility [PM, %], and viability [SV, %]) of bucks with different coat colors (WC, BC, WBC, and 
BrC; n = 5 each) during summer season (W1-W7; THI > 88.3). Data are presented as means ± standard errors of means (SEM)
Wks PM% SV %

BC WC WBS BrC BC WC WBS BrC
W1 86.00 ± 0.22 a 85.00 ± 2.08a 86.50 ± 1.25a 82.00 ± 1.11 a 90.00 ± 1.11a 90.40 ± 1.11a 89.40 ± 1.17a 88.50 ± 1.51 a

W2 81.40 ± 0.55 a 82.10 ± 1.74 a 85.88 ± 1.18a 80.40 ± 1.24 a 89.88 ± 0.55a 89.20 ± 2.32a 89.80 ± 1.33a 88.88 ± 0.74 a

W3 70.80 ± 1.52 b* 78.80 ± 2.77 ab 82.00 ± 1.15a 71.55 ± 1.10 b* 83.32 ± 0.74b 87.20 ± 0.36a 86.20 ± 0.52a 78.55 ± 0.77 b*

W4 71.88 ± 1.66 b* 77.44 ± 1.67ab 82.40 ± 1.11a 69.20 ± 1.25 b* 81.02 ± 2.31b* 86.82 ± 0.55a 88.20 ± 0.74a 77.20 ± 0.22 b*

W5 72.12 ± 1.92b* 77.65 ± 1.87ab 80.75 ± 1.32ab 66.65 ± 1.36bc* 79.24 ± 1.11b* 84.05 ± 1.32ab 88.31 ± 0.35a 76.53 ± 0.65bc*

W6 70.56 ± 2.36b* 75.71 ± 1.10b 79.10 ± 1.12ab 66.92 ± 0.58bc* 76.21 ± 1.31b* 84.3 ± 1.22ab 86.21 ± 0.34a 72.25 ± 0.84bc*

W7 63.42 ± 1.22c* 73.12 ± 1.36b 75.23 ± 1.09b 62.32 ± 1.68c* 71.12 ± 0.88c* 81.01 ± 1.01b 81.32 ± 1.01b 69.53 ± 0.24c*

Wks = weeks, WC = white colored, BC = black colored, WBC = white-black colored (50–60% white), BrC = brown colored, THI = temperature humidity index. Means with 
different superscripts in each column are significantly different at P < 0.05. *Values in each measure are different at least at P < 0.05 between the groups (BC and BrC 
VS WC and WBS)

Table 3  Semen variables (normal morphology [NM, %] and sperm cell concentrations [SC, 109/ml]) of bucks with different coat colors 
(WC, BC, WBC, and BrC; n = 5 each) during summer season (W1-W7; THI > 88.3). Data are presented as means ± standard errors of means 
(SEM)
Wks NM % SC 109/ml

BC WC WBS BrC BC WC WBS BrC
W1 93.80 ± 1.33a 92.80 ± 1.81a 92.00 ± 0.85a 89.50 ± 1.73a 2.15 ± 0.11a 1.93 ± 0.04a 1.99 ± 0.22a 2.03 ± 0.02a

W2 90.80 ± 0.77a 89.90 ± 1.57a 89.00 ± 0.22a 86.00 ± 1.55a 2.10 ± 0.02a 1.91 ± 0.05a 1.98 ± 0.52a 2.01 ± 0.02a

W3 85.00 ± 0.74b 88.00 ± 0.24a 87.22 ± 0.41ab 81.50 ± 0.88b 2.10 ± 0.01a 1.85 ± 0.01ab 2.01 ± 0.63a 1.88 ± 0.14ab

W4 79.33 ± 0.55 b* 85.85 ± 0.65 ab 87.26 ± 0.63ab 79.88 ± 1.33b* 2.03 ± 0.25ab 1.86 ± 0.22ab 1.97 ± 0.01a 1.85 ± 0.07ab

W5 79.21 ± 1.21b* 85.05 ± 0.35b 85.35 ± 0.56b 77.32 ± 0.35bc* 1.97 ± 0.36ab 1.88 ± 0.04ab 1.92 ± 0.07ab 1.85 ± 0.03ab

W6 77.42 ± 1.72b* 84.01 ± 0.36b 84.32 ± 0.35b 77.65 ± 0.52bc* 1.83 ± 0.45ab 1.83 ± 0.32ab 1.91 ± 0.32ab 1.84 ± 0.74ab

W7 71.11 ± 1.02c* 83.04 ± 0.44b 84.02 ± 0.52b 73.36 ± 0.65c* 1.82 ± 0.32b 1.83 ± 0.57b 1.82 ± 0.02b 1.74 ± 0.12b

Wks = weeks, WC = white colored, BC = black colored, WBC = white-black colored (50–60% white), BrC = brown colored, THI = temperature humidity index. Means with 
different superscripts in each column are significantly different at P < 0.05. *Values in each measure are different at least at P < 0.05 between the groups (BC and BrC 
VS WC and WBS)
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were affected to some extent at W3 and down streamed 
to the last week of the experiment. The semen quality 
decline in darker coat bucks was faster and more intense 
than the lighter bucks, indicating a higher responsive 
pattern [47]. Lower seminal antioxidant potential (TAC, 
CAT) and higher lipid peroxide biomarker (MDA) in the 
darker coat bucks indicate an exhaustive effect of HS on 
the antioxidant defense.

The difference in response against HS in animals bear-
ing different coat colors might be attributed to the per-
centage of solar and heat radiations absorbed by the skin, 
being the highest in darker animals [48]. However, in the 
present study, lighter bucks (WC and WBC) showed the 
best adaptability in prolonged HS circumstances com-
pared to darker bucks. These results indicate that up 
to 40–50% black color mixed with white color did not 
affect the heat resilience of light coat goats. It has been 
reported that, in thermoneutral conditions, black males 
have higher sexual activity and androgen concentration 
than white ones [49]; however, black males are more vul-
nerable to HS due to the high absorption of heat by their 
coats [50]. Therefore, the higher adaptability of WBC 
bucks may be related to the higher natural reproductive 
performance of the black coat mixed with the higher HS 
resilience of the white coat. However, molecular studies 
are required to classify the bucks according to their color 
percentage (i.e., 100% white, 90%, 80%, 70% and so on) to 
define whether the heat-resilient genes are controlled by 
the color percent, or these genes have different expres-
sion pattern only with full color only (i.e., total black or 
total white). This study provided useful information in 
the selection of heat-tolerant phenotypic traits of the 
bucks aiming to alleviate the adverse effects of HS on the 
animals’ breeding program. As the number of animals 
in the current study was relatively low, it is necessary to 
ensure these outcomes on a large goat population.

Conclusion
A buck’s coat color is associated with testosterone lev-
els, sperm quality, and testicular blood flow and vol-
ume. The above indices were lower in darker bucks (BC 
and BrC) when compared to lighter-colored bucks (WC 
and WBC), especially at W3 during summer heat stress. 
Reductions in the examined testicular traits in the dif-
ferent groups could be ordered in a descending manner 
as follows: BC, BrC, WC, and WBC. Further studies are 
required to investigate the molecular bases affecting the 
adaptability against HS effects. In tropics and subtrop-
ics, it is recommended to integrate WC and WBC bucks 
under HS conditions into breeding system for optimum 
outcomes.
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