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Abstract 
Heat stress is identified as a major cause of lower productive and reproduc-
tive performance in animal farming. This situation is more common in Saudi 
Arabia than in other countries because of extremely high ambient tempera-
tures experienced during the summers. The evaporative cooling cow group 
had significantly increased serum E2 concentrations on days 7 and 14 - 19 of 
their estrous cycles, and significantly decreased serum P4 concentrations on 
days 7 - 18 of their estrous cycles. Evaporative cooling plus shade lowered 
ambient temperatures (41.80 ± 0.74 versus 47.40˚C ± 0.84˚C) have increased 
the relative humidity (0.33 ± 0.01 versus 0.24 ± 0.01) and decreased the tem-
perature humidity index (80.24 ± 0.60 versus 84.77 ± 0.68) when compared 
with shade alone. However, cows under shade alone, compared to cows under 
evaporative cooling with shade, had a larger number of small (10.04 ± 0.54 
versus 4.72 ± 0.58), medium (2.80 ± 0.21 versus 1.79 ± 0.17), and large fol-
licles (6.82 ± 0.28 versus 5.66 ± 0.22). These results demonstrated that while 
evaporative cooling had positive effects on dairy cows in this experiment, 
changes could have been more profound, if installations of curtains and fans 
were implemented, which might need further investigation. 
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1. Introduction 

Evaporative cooling lowers ambient and body temperature, as a result, improves 
the production and reproduction of dairy cows. Large and small dairy farms 
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specially in arid and semi-arid areas response to heat stress (HS) by providing 
shade and evaporative cooling to increase the productivity of their dairy herds. 

Average summer temperatures in semi-arid Saudi Arabia can reach 43˚C, and 
it is not uncommon for temperatures to reach up to 54˚C [1] [2]. The resulting 
HS affects milk production and conception rate [3] [4], reduced feed intake [5] 
[6], respiratory rate, heart rate, sweating, blood chemistry and hormone levels 
[7] and follicular growth during the estrous cycle [4] in cows. During hot 
weather, HS interferes with the hypothalamo-hypophyseal-ovarian axis [8] that 
suppresses the release of luteinizing hormone (LH) and results in an earlier 
pre-ovulatory surge of LH compared with cool seasons [9]. This negative effect 
of HS on LH release might in turn affect ovulation and the timing between es-
trus and ovulation [10], which is one of the causes that has been implicated to 
explain the poor conception rate during the summer months of the year. 

The number of follicles and their functions are affected by HS. Heat stress 
compromises follicular growth [11] and alters gene expression profiles in the 
granulosa cells of large pre-ovulatory follicles, which can affect follicular growth 
[12]. Follicles and oocytes have been damaged by HS, and cows needed 2 - 3 
estrous cycles to recover from HS effects [13]. The sizes of large follicles were 
reduced during HS [14]. In addition, HS has been shown to increase the number 
of medium-sized follicles, which are associated with decreased plasma inhibin 
and increased follicle-stimulating hormone (FSH). Furthermore, small antral 
follicles have also been reported to be very sensitive to HS [15]. The increased 
FSH during HS affects the reproductive efficiency of dairy cows [16]. However, 
the effects of HS on the number of small follicles remain unclear; some authors 
have reported a decrease in their number [17], while others have reported an in-
crease [18]. 

Ovarian secretions of estradiol (E2) and progesterone (P4) in heat-stressed 
cows are also affected [19]. Follicular E2 was much higher in winter than in 
summer [20]. Other study stated no differences were observed in follicular E2 
concentrations between heat-stress and non heat-stressed cows [12]. Heat-stressed 
cows with lowered E2 during the second half of their cycle [21] or during their 
entire estrous cycle [11] exhibited reduced pre-ovulatory surges of E2. Serum 
concentrations of P4 during HS have been associated with conflicting results. 
Some authors have reported an increase in P4 [20]; some have reported a de-
crease [10]; and some have reported no changes at all [19]. In vitro studies have 
indicated that high temperatures suppressed P4 production; luteal cells pro-
duced less P4 during incubation at 38˚C [22]. 

To the best of our knowledge, no studies have been performed to identify the 
effect of HS on folliculogenesis in Holstein dairy cattle in Saudi Arabia. In addi-
tion, most studies that have been performed about HS did not involve cows ex-
periencing extreme HS, as that which occurs in Saudi Arabia during the sum-
mer. It would be beneficial to test the effect of HS on folliculogenesis comparing 
the effect of evaporative cooling on folliculogenesis, E2 and P4. 
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2. Materials and Methods 

Two groups of Holstein dairy cows (n = 6 each) were examined on a dairy farm 
in the Riyadh region. All of the cows were cycling, at least 45 days after parturi-
tion and were milked twice daily. Evaporative cooling was turned on during the 
day and ran from 8:00 am until 8:00 pm. All of the cows were kept for two weeks 
in open shade without evaporative cooling before the beginning of the experi-
ment. One group was assigned to shade only (S) and kept in pen 1, and the 
second group was assigned to evaporative cooling (EC) and kept in pen 2. 

All of the cows were provided with water at libitum and fed according to the 
National Research Council (NRC) protocols for dairy cattle. The experiment pe-
riod included the hottest months of the year, July and August. The study con-
ducted a rectal ultrasonography of each cow on a daily basis for a full estrous 
cycle and all follicles were measured, using an LCD Ultrasound Scanner (Ani-
malprofi 2, Draminski S.A., Poland) equipped with a 5 MHz probe (frequency 
range: 3.5 - 7 MHz), and the data were recorded. 

The study has measured the ambient temperature (At) and relative humidity 
(Rh) inside the pens on a daily basis using a data logger (Pocket Logger, Pace 
Scientific Inc., Data Loggers, USA). The study further measured the number and 
size of all of the follicles (height and width), and divided the follicles into three 
groups according to their diameters: 1) small follicles: <5 mm, 2) medium fol-
licles: 6 - 9 mm, 3) large follicles: >9 mm. Temperature Humidity Index (THI) 
was used to estimate the environmental severity, which was calculated using the 
following adapted equation: THI = Tdb(˚C) + 0.36 × Tdp(˚C) + 41.2 [23]. This 
formula uses dry bulb temperature (Tdb, ˚C) and Rh. The Rh was divided by 100 
to express the percentage in decimals. 

Estrous synchronization using intramuscular injections of a 2 ml PGF2α ana-
log, Prosolvin (Virbac, UK), was applied on days 1 and 11. The cows were ob-
served for estrus signs twice a day, one hour in the morning and one hour at 
sunset. A cow was considered to be in estrus, when it stood still; while being 
mounted by another cow. One cow was removed from S group for having cystic 
follicles. Blood samples were collected daily via tail vein into vacutainer tubes 
(Becton, Dickinson and Company, NJ, USA) for 22 days from the start of estrus. 
The serum was separated by centrifugation at 2000 g for 30 min at 4˚C, trans-
ferred into 1.5-ml Eppendorf tubes and stored at −20˚C until being assayed for 
E2 and P4 using ELISA kits (Cayman Pharma. s.r.o, Neratovice, Czech Repub-
lic). The samples were analyzed in duplicate within the same assay. The study 
statistically analyzed the data, using the GLM procedure of the Statistical Analy-
sis System (SAS) to determine the effect of evaporative cooling on serum P4, E2 
and ovarian folliculogenesis. 

3. Results 

The study has analyzed 11 lactating dairy cows during July and August, which 
are the hottest months of the year in central Saudi Arabia. Figure 1 shows At  
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Figure 1. Ambient temperatures and relative humidity in the two pens, evaporative cool-
ing and shade only. Values represent means ± SE. An asterisk (*) denotes a statistically 
significant difference (P < 0.01) in ambient temperature or relative humidity between the 
groups. 

 
and Rh during the experiment period under S and EC. There was a significant (P 
< 0.01) difference between the two pens; the EC pen had lower At (41.8˚C ± 
0.7˚C) when compared to the S pen (47.4˚C ± 0.8˚C). At the same time, Rh was 
significantly (P < 0.01) higher in the EC pen in comparison to the S pen (0.33 ± 
0.01 vs. 0.24 ± 0.01). These decreases in At due to EC were demonstrated by the 
THI; it was lower (P < 0.01) in the EC pen compared with the S pen (80.24 ± 
0.60 vs. 84.77 ± 0.68). 

The numbers of small (<5 mm diameter) follicles, medium (6 - 9 mm diame-
ter) follicles and large (>10 mm diameter) follicles (Figure 2) were significantly 
(P < 0.01) smaller in the EC group than in the S group (4.72 ± 0.58 vs. 10.04 ± 
0.54 for small follicles, 1.79 ± 0.17 vs. 2.80 ± 0.21 for medium follicles and 5.66 ± 
0.22 vs. 6.82 ± 0.28). Serum E2 concentrations (Figure 3) were significantly 
lower (P < 0.01) in the S group than the EC group on days 14 - 19 of the estrous 
cycle. In contrast, serum P4 concentrations (Figure 4) were significantly higher 
(P < 0.05) in the S group than the EC group on days 7 - 18 of the estrous cycle. 

4. Discussion 

This study has demonstrated that EC lowered At significantly (from 47.4 to 
41.8˚C), but not sufficiently. Animals are considered to be under HS when At 
reaches 24˚C - 27˚C, regardless of the Rh [24]. At the same time, Rh increased 
from 24% under S to 33% under EC, and the THI decreased from 84.99 to 80.24 
because of EC that was implemented in comparison to the shade-only pen. The 
increase in THI indicates that animals are under more HS and that EC lowers 
the THI significantly. Estrus and ovulation are interconnected and regulated by  
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Figure 2. Average number of follicles (small, medium and large) during estrous cycle 
between the evaporative cooling and shade groups. Values represent means ± SE. An as-
terisk (*) denotes a statistically significant difference (P < 0.01) in the average number of 
follicles between the groups. 

 

 
Figure 3. Average serum estradiol concentrations (pg/ml) during the estrous cycle be-
tween the evaporative cooling and shade groups. Values represent means ± SE. An aste-
risk (*) denotes a statistically significant difference (P < 0.01) in estradiol concentrations 
between the groups. 

 
the hypothalamo-hypophyseal-ovarian axis in which the feedback system ac-
cepts hormonal signals from the hypothalamus, pituitary gland and ovaries. In 
Saudi Arabia, HS during the summer has delayed days to first service, increased  
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Figure 4. Average serum progesterone concentrations (ng/ml) during the estrous cycle 
between the evaporative cooling and shade groups. Values represent means ± SE. An as-
terisk (*) denotes a statistically significant difference (P < 0.01) in progesterone concen-
trations between the groups. 

 
days open, and increased the number of services per pregnancy [25]. Due to the 
increased At and decreased Rh in the Riyadh region of Saudi Arabia, dairy farms 
use water sprinklers to decrease the impact of HS on animal productivity. While 
these results show that EC improved At, Rh and THI, these changes were meant 
to alleviate the effect of HS rather than remove it completely. Even with the use 
of EC during hot summers in Saudi Arabia, animals are considered to be under 
HS. 

The development of follicles has been reported to be damaged [26] or altered 
[27] by HS during folliculogenesis, with a delayed negative effect on ovarian 
function. Decreased LH pulse and frequency have been reported because of HS 
[28]. The study has found that the number of small follicles was decreased in the 
HS group of cows. Small antral follicles have been reported to be very sensitive 
to HS [17]. There was a carryover effect of HS on small follicular growth and 
development [4], which led to reduced oocyte competence in Gir cows (an indi-
genous Indian cattle breed) under HS [29]. In Saudi Arabia, HS during the 
summer has delayed days to first service, increased days open, and increased the 
number of services per pregnancy [24]. Due to the increased at and decreased Rh 
in the Riyadh region of Saudi Arabia, dairy farms use water sprinklers to de-
crease the impact of HS on animal productivity. While these results show that 
EC improved At, Rh and THI, these changes were meant to alleviate the effect of 
HS rather than remove it completely. Even with the use of EC during hot sum-
mers in Saudi Arabia, animals are considered to be under HS. 
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In cycling goats, HS led to more follicles at the recruitment stage becoming 
atretic during subsequent development stages [30]. As a result, FSH secretion 
was elevated under HS, likely due to the inhibition of negative feedback from 
small follicles, which in turn affected the cows’ reproductive efficiency [16]. In 
addition to the reduced number of small follicles, the findings showed that HS 
negatively affected the number of medium follicles (6 - 9 mm diameter), which is 
consistent with other studies [15]. The decreased number of medium follicles is 
an indication that HS depresses follicular dominance in the first and second fol-
licular wave [26]. Mediums follicles are sensitive indicators of follicular domin-
ance since the dominant follicle inhibits the growth of subordinate follicles [31]. 
It is reported [32] that FSH triggers the emergence of follicular waves as the 
main factor responsible for follicular turnover, since the number of medium fol-
licles increases when FSH concentrations increase. 

The number of large follicles was decreased in the HS group. It was found that 
the number of large follicles tended to be larger, but not significantly when 
compared with cooled cows [15]. Other studies [33] have demonstrated an in-
crease of 50% in the number of large follicles (>10 mm) in cows in HS environ-
ments. Furthermore, it was reported that HS increased (P < 0.05) the number of 
large follicles in Bos indicus cattle [29]. Other studies have found that the di-
ameter of large ovulatory follicles [27] was greater (P < 0.05) in November (18.0 
± 0.8 mm) than in April (14.0 ± 0.8 mm) and that the number of large follicles 
increased more in summer than in winter. These studies, which have mostly in-
dicated an increased number of large follicles in HS cows, could not explain the 
underlying cause of such a phenomenon, since serum and follicular fluid E2 
concentrations were increased in winter rather than summer, even in the pres-
ence of large follicles. While our findings agree with these results, we did not 
compare the size of large follicles between the EC and HS groups. 

Serum P4 concentrations in cows under HS are controversial. Some studies 
have reported that serum P4 concentrations were decreased [34], did not change 
[19] or increased [18] when compared with cows not under HS. The study has 
demonstrated increased serum P4 concentrations in heat-stressed cows. Reports 
have noted decreased serum P4 concentrations in cows under HS during their 
estrous cycle; HS compromises follicular development and leads to abnormal 
oocyte maturation and early embryonic death [35]. However, HS might be re-
lated to increases in endometrial secretions of PGF2α, which leads to premature 
luteolysis [36]. The study has shown that P4 concentrations were higher during 
HS. These results imply that there were other intrinsic and extrinsic factors that 
interfered with fertility other than the low serum P4 concentrations during the 
estrous cycle. These factors include the rate of P4 secretion associated with va-
riables such as blood luteal blood flow [37], P4 metabolism in liver, blood vo-
lume, hyperthermia, nutrition and stage of lactation [38]. 

5. Conclusion 

Under the conditions of this study, evaporative cooling helped lower ambient 
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temperature and increased relative humidity. At the same time, evaporative 
cooling resulted in lowered small, medium and large follicle numbers in cows 
during estrous cycle when compared to cows under shade only. There are con-
flicting results regarding the effect of heat stress on the number and quality of 
follicles during estrus. This study, while looked into the average number of fol-
licles during esturs, the number of cows was not large, which is a short coming 
of this study. In addition, these results demonstrated that while evaporative 
cooling had positive effects on dairy cows in this experiment, changes could have 
been more profound, if installations of curtains and fans were implemented, 
which might need further investigation. 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Presidency of Meteorology and Environment (PME) (2006) Meteorological Data of 

Riyadh for the Period 1985-2005. PME, Jeddah, Saudi Arabia. 

[2] Al-Haidary, A.A., Aljumaah, R.S., Alshaikh, M.A., Abdoun, K.A., Samara, E.M., 
Okab, A.B. and Alfuraiji, M.M. (2012) Thermoregulatory and Physiological Res-
ponses of Najdi Sheep Exposed to Environmental Heat Load Prevailing in Saudi 
Arabia. Pakistan Veterinary Journal, 32, 515-519. 

[3] Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M.S. and Bernabucci, U. (2010) Ef-
fects of Climate Changes on Animal Production and Sustainability of Livestock 
Systems. Livestock Science, 130, 57-69. https://doi.org/10.1016/j.livsci.2010.02.011 

[4] Cowley, F.C., Barber, D.G., Houlhan, A.V. and Poppi, D.P. (2015) Immediate and 
Residual Effects of Heat Stress and Restricted Intake on Milk Protein and Casein 
Composition and Energy Metabolism. Journal of Dairy Science, 98, 2356-2368.  
https://doi.org/10.3168/jds.2014-8442 

[5] Silva, C.F., Sartorelli, E.S., Castilho, A.C.S., Satrapa, R.A., Puelker, R.Z., Razza, E.M., 
Ticianelli, J.S., Edurado, H.P., Loureiro, B. and Barros, C.M. (2013) Effects of Heat 
Stress on Development, Quality and Survival. Theriogenology, 2, 351-357.  
https://doi.org/10.1016/j.theriogenology.2012.10.003 

[6] Eslamizad, M., Lamp, O., Derno, M. and Kuhla, B. (2015) The Control of 
Short-Term Feed Intake by Metabolic Oxidation in Late-Pregnant and Early Lac-
tating Dairy Cows Exposed to High Ambient Temperatures. Physiology & Beha-
viour, 145, 64-70. https://doi.org/10.1016/j.physbeh.2015.03.044 

[7] Kou, H., Zhao, Y., Ren, K., Chen, X., Lu, Y. and Wang, D. (2017) Automated Mea-
surement of Cattle Surface Temperature and Its Correlation with Rectal Tempera-
ture. PLoS ONE, 12, e0175377. https://doi.org/10.1371/journal.pone.0175377 

[8] Zhang, L., Ying, S.J., An, W.J., Lian, H., Zhou, G.B. and Han, Z.W. (2014) Effect of 
Dietary Betaine Supplementation Subjected to Heat Stress on Milk Performances 
and Physiology Indices in Dairy Cows. Genetic and Molecular Research, 13, 
7577-7586. https://doi.org/10.4238/2014.September.12.25 

[9] Kadokawa, H. (2007) Seasonal Differences in the Parameters of Luteinizing Hor-
mone Release to Exogenous Gonadotropin Releasing Hormone in Prepubertal 
Holstein Heifers in Sapporo. Journal of Reproduction and Development, 53, 121-125.  

https://doi.org/10.4236/ojvm.2018.810016
https://doi.org/10.1016/j.livsci.2010.02.011
https://doi.org/10.3168/jds.2014-8442
https://doi.org/10.1016/j.theriogenology.2012.10.003
https://doi.org/10.1016/j.physbeh.2015.03.044
https://doi.org/10.1371/journal.pone.0175377
https://doi.org/10.4238/2014.September.12.25


M. J. Al-Hassan 
 

 

DOI: 10.4236/ojvm.2018.810016 183 Open Journal of Veterinary Medicine 
 

https://doi.org/10.1262/jrd.18058 

[10] De Rensis, F., Lopez-Gatius, F., García-Ispierto, I., Morini, G. and Scaramuzzi, R.J. 
(2017) Causes of Declining Fertility in Dairy Cows during the Warm Season. The-
riogenology, 91, 145-153. https://doi.org/10.1016/j.theriogenology.2016.12.024 

[11] Wolfenson, D., Roth, Z. and Meidan, R. (2000) Impaired Reproduction in Heat 
Stressed Cattle: Basic and Applied Aspects. Animal Reproduction Science, 60-61, 
535-547. https://doi.org/10.1016/S0378-4320(00)00102-0 

[12] Vanselow, J., Vernunft, A., Koczan, D., Spitschak, M. and Kuhla, B. (2016) Expo-
sure of Lactating Dairy Cows to Acute Pre-Ovulatory Heat Stress Affects Granulosa 
Cell-Specific Gene Expression Profiles in Dominant Follicles. PLoS ONE, 11, 
e0160600. https://doi.org/10.1371/journal.pone.0160600 

[13] Paula-Lopes, F.F., Lima, R.S., Risolia, P.H.B., Ispada, J., Assumpção, M.E.O.A. and 
Visintin, J.A. (2012) Heat Stress Induced Alteration in Bovine Oocytes: Functional 
and Cellular Aspects. Animal Reproduction, 9, 395-403. 

[14] Schuller, L.K., Michaelis, I. and Heuwieser, W. (2017) Impact of Heat Stress on Es-
trus Expression and Follicle Size in Estrus under Field Conditions in Dairy Cows. 
Theriogenology, 102, 48-53. https://doi.org/10.1016/j.theriogenology.2017.07.004 

[15] Roth, Z., Meidan, R., Braw-Tal, R. and Wolfenson, D. (2000) Immediate and De-
layed Effects of Heat Stress on Follicular Development and Its Association with 
Plasma FSH and Inhibin Concentration in Cows. Journal of Reproduction and Fer-
tility, 120, 83-90. https://doi.org/10.1530/jrf.0.1200083 

[16] Khodaei-Motlagh, M., Shahneh, A.Z., Masoumi, R. and Derensis, F. (2011) Altera-
tions in Reproductive Hormones during Heat Stress in Dairy Cattle. African Journal 
of Biotechnology, 10, 5552-5558. 

[17] Wolfenson, D., Thatcher, W.W., Badinga, L., Savio, J.D., Meidan, R., Lew, B.J., 
Braw-Tal, R. and Berman, A. (1995) Effect of Heat Stress on Follicular Development 
during the Estrous Cycle in Lactating Dairy Cattle. Biology of Reproduction, 52, 
1106-1113. https://doi.org/10.1095/biolreprod52.5.1106 

[18] Trout, J.P., Mcdowell, L.R. and Hansen, P.J. (1998) Characteristics of the Estrous 
cycle and Antioxidant Status of Lactating Holstein Cows Exposed to Heat Stress. 
Journal of Dairy Science, 81, 1244-1250.  
https://doi.org/10.3168/jds.S0022-0302(98)75685-1 

[19] Guzeloglu A., Ambrose J.D., Kassa, T., Diaz, T., Thatcher, M.J. and Thatcher, W.W. 
(2001) Long-Term Follicular Dynamics and Biochemical Characteristics of Domi-
nant Follicles in Dairy Cows Subjected to Acute Heat Stress. Animal Reproduction 
Science, 66, 15-34. https://doi.org/10.1016/S0378-4320(01)00082-3 

[20] Wolfenson, D., Lew, B.J., Thatcher, W.W., Graber, Y. and Meidan, R. (1997) Sea-
sonal and Acute Heat Stress Effects on Steroid Production by Dominant Follicles in 
Cows. Animal Reproduction Science, 47, 9-19.  
https://doi.org/10.1016/S0378-4320(96)01638-7 

[21] Wilson, S.J., Marion, R.S., Spain, J.N., Spiers, D.E., Keisler, D.H. and Lucy (1998) 
Effects of Controlled Heat Stress on Ovarian Function of Dairy Cattle. 1. Lactating 
cows. Journal of Dairy Science, 81, 2124-2131.  
https://doi.org/10.3168/jds.S0022-0302(98)75788-1 

[22] Wolfenson, D., Luft, O., Berman, A. and Meidan, R. (1993) Effects of Incubation 
Temperature and Cell Age on Progesterone and Prostaglandin F2α Production in 
Bovine Luteal Cells. Animal Reproduction Science, 32, 27-40.  
https://doi.org/10.1016/0378-4320(93)90055-V 

[23] Armstrong, D. (1994) Heat Stress Interaction with Shade and Cooling. Journal of 

https://doi.org/10.4236/ojvm.2018.810016
https://doi.org/10.1262/jrd.18058
https://doi.org/10.1016/j.theriogenology.2016.12.024
https://doi.org/10.1016/S0378-4320(00)00102-0
https://doi.org/10.1371/journal.pone.0160600
https://doi.org/10.1016/j.theriogenology.2017.07.004
https://doi.org/10.1530/jrf.0.1200083
https://doi.org/10.1095/biolreprod52.5.1106
https://doi.org/10.3168/jds.S0022-0302(98)75685-1
https://doi.org/10.1016/S0378-4320(01)00082-3
https://doi.org/10.1016/S0378-4320(96)01638-7
https://doi.org/10.3168/jds.S0022-0302(98)75788-1
https://doi.org/10.1016/0378-4320(93)90055-V


M. J. Al-Hassan 
 

 

DOI: 10.4236/ojvm.2018.810016 184 Open Journal of Veterinary Medicine 
 

Dairy Science, 77, 2044-2050. https://doi.org/10.3168/jds.S0022-0302(94)77149-6 

[24] Helal, A., Hashem, A.L., Abdel-Fattah, M.S. and El-Shaer, H.M. (2010) Effect of 
Heat Stress on Coat Characteristics and Physiological Responses of Balady and Da-
mascus Goats in Sinai, Egypt. American-Eurasian Journal of Agricultural and En-
vironmental Science, 7, 60-69. 

[25] Al-Hassan, M.J. (2002) The Adequacy of Existing Environmental Modification for 
Eliminating Seasonal Reduction in Reproductive Performance of Dairy Cattle under 
a Semi-Arid Environment in Central Saudi Arabia. Zagazig Veterinary Journal, 3, 
165-173. 

[26] Baruselli, P.S., Batista, E.O., Vieira, L.M., de Sousa Sales, J.N., Gimenes, L.U. and 
Ferreira, R.M. (2017) Intrinsic and Extrinsic Factors That Influence Ovarian Envi-
ronment and Efficiency of Reproduction in Cattle. Animal Reproduction, 14, 48-60.  
https://doi.org/10.21451/1984-3143-AR907 

[27] Badinga, L., Thatcher, W.W., Diaz, T., Drost, M. and Wolfenson, D. (1993) Effect of 
Environmental heat Stress on Follicular Development and Steroidogenesis in Lac-
tating Holstein Cows. Theriogenology, 39, 797-810.  
https://doi.org/10.1016/0093-691X(93)90419-6 

[28] Wise, M.E., Armstrong, D.V., Huber, J.T., Hunter, R. and Wiersma, F. (1988) 
Hormonal Alterations in the Lactating Dairy Cow in Response to Thermal Stress. 
Journal of Dairy Science, 71, 2480-2485.  
https://doi.org/10.3168/jds.S0022-0302(88)79834-3 

[29] Torres-Júnior, J.D., de FA Pires, M., De Sa, W.F., Ferreira, A.D., Viana, J.H., Ca-
margo, L.S., Ramos, A.D., Folhadella, I.M., Polisseni, J., De Freitas, C. and Cle-
mente, C.A. (2008) Effect of Maternal Heat-Stress on Follicular Growth and Oocyte 
Competence in Bos Indicus Cattle. Theriogenology, 69 155-166.  
https://doi.org/10.1016/j.theriogenology.2007.06.023 

[30] Tabayashi, D., Shirahase, A., Ishikawa, N., Shimizu, T., Ohshima, I. and Kanai, Y. 
(1998) Effect of Heat Stress on Follicular Development in Goats at the Time of Lu-
teolysis. Proceedings of the 8th World Conference on Animal Production, 2, 
822-823. 

[31] Fortune, J.E., Sirois, J., Turzillo, A.M. and Lavoir, M. (1991) Follicle Selection in 
Domestic Ruminants. Journal of Reproduction and Fertility, 43, 187-198. 

[32] Ginther, O.J., Wiltbank, M.C., Fricke, P.M., Gibbons, J.R. and Kot, K. (1996) Selec-
tion of the Dominant Follicle in Cattle. Biology of Reproduction, 55, 1187-1194.  
https://doi.org/10.1095/biolreprod55.6.1187 

[33] Roth Z., Meidan, R., Shaham-Albalancy, A., Braw-Tal, R. and Wolfenson, D. (2001) 
Delayed Effect of Heat Stress on Steroid Production in Medium-Sized and Preovu-
latory Bovine Follicles. Reproduction, 121, 745-751.  
https://doi.org/10.1530/rep.0.1210745 

[34] Alnimer, M., De Rosa, G., Grasso, F., Napolitano, F. and Bordi, A. (2002) Effect of 
Climate on the Response to Three Oestrous Synchronisation Techniques in Lactat-
ing Dairy Cows. Animal Reproduction Science, 71, 157-168.  
https://doi.org/10.1016/S0378-4320(02)00021-0 

[35] Ahmad, N., Neal, S.F., Bucher, R.L. and Keth, I.E. (1995) Effect of Persistent Fol-
licles on Early Embryonic Losses in Beef Cows. Biology of Reproduction, 52, 
1129-1135. https://doi.org/10.1095/biolreprod52.5.1129 

[36] Ealy, A.D., Drost, M. and Hansen, P.J. (1993) Developmental Changes in Embryo-
nic Resistance to Adverse Effects of Maternal Heat Stress in Cows. Journal of Dairy 
Science, 76, 2899-2905. https://doi.org/10.3168/jds.S0022-0302(93)77629-8 

https://doi.org/10.4236/ojvm.2018.810016
https://doi.org/10.3168/jds.S0022-0302(94)77149-6
https://doi.org/10.21451/1984-3143-AR907
https://doi.org/10.1016/0093-691X(93)90419-6
https://doi.org/10.3168/jds.S0022-0302(88)79834-3
https://doi.org/10.1016/j.theriogenology.2007.06.023
https://doi.org/10.1095/biolreprod55.6.1187
https://doi.org/10.1530/rep.0.1210745
https://doi.org/10.1016/S0378-4320(02)00021-0
https://doi.org/10.1095/biolreprod52.5.1129
https://doi.org/10.3168/jds.S0022-0302(93)77629-8


M. J. Al-Hassan 
 

 

DOI: 10.4236/ojvm.2018.810016 185 Open Journal of Veterinary Medicine 
 

[37] Lublin, A. and Wolfenson, D. (1996) Lactation and Pregnancy Effects on Blood 
Flow to Mammary and Reproductive Systems in Heat-Stressed Rabbits. Compara-
tive Biochemistry and Physiology Part A: Physiology, 115, 277-285.  
https://doi.org/10.1016/S0300-9629(96)00060-6 

[38] Jonsson, N.N., McGowan, M.R., McGuigan, K., Davison, T.M., Hussain, A.M., Kafi, 
M. and Matschoss, A. (1997) Relationships among Calving Season, Heat Load, 
Energy Balance and Postpartum Ovulation of Dairy Cows in a Subtropical Envi-
ronment. Animal Reproduction Science, 47, 315-326.  
https://doi.org/10.1016/S0378-4320(97)00014-6 

 
 

https://doi.org/10.4236/ojvm.2018.810016
https://doi.org/10.1016/S0300-9629(96)00060-6
https://doi.org/10.1016/S0378-4320(97)00014-6

	The Effects of Evaporative Cooling on Folliculogenesis and Ovarian Hormones during the Estrous Cycle of Dairy Holstein Cows during the Summer Months in Saudi Arabia
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

