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ABSTRACT

The objective of this research is to know Aceh cattle follicle dynamic under environmental heat stress condition. This research was
conducted on December 2012 until August 2013. Animals used in this research were 20 Aceh cattle aged 5-8 years old, weighing of 150-250 kg,
and had at least 2 regular cycles. All cattle used were clinically in good body condition score. The cattle were divided into two groups of 10, used
in two different periods of times (December-January and July-August) to examine the effect of environmental heat to their follicle dynamic. Each
group is separated into two different keeping management; one group was kept in pens while the others in the pasture, 5 cattle in each
management group. Research timing was based on information acquired from Indrapuri Agency for Meteorology, Climatology, and Geophysics
(BMKG) which predicted that extreme weather would last from July to August while December to January would be relatively normal in Aceh
region. All cattle estrous cycle were synchronized by 5 mg/mL of PGF2a intramuscularly (Lutalyse™, Pharmacia & Upjohn Company, Pfizer
Inc.). Ultrasonography examination was performed to monitor ovary follicle’s growth and dynamic during one cycle. Days during ovulation
marked by standing heat was regarded as day 0 of estrous cycle. Follicular dynamic examination during estrous cycle on December-January and
also on July-August, both penned and pastured cattle showed the follicle waves that was 3 follicle growth waves. The size of follicle growth on
first wave (1st DF) on cattle kept in pen on July-August and December-January were relatively similar. The size of follicle growth on first wave
for cattle kept in pasture on July-August and December-January were relatively similar. To conclude, Aceh cattle follicle dynamic is not change
during environment heat stress condition and is not affected by different cattle-keeping management.
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ABSTRAK

Tujuan penelitian ini adalah mengetahui dinamika perkembangan folikel sapi aceh di bawah kondisi stres panas lingkungan. Penelitian ini
dilaksanakan dari bulan Desember 2012 sampai dengan Agustus 2013. Materi yang digunakan dalam penelitian ini adalah 20 ekor sapi aceh,
umur 5-8 tahun, mempunyai berat 150-250 kg, dan mempunyai minimal dua siklus regular. Sapi yang digunakan secara klinis sehat dan
mempunyai skor kondisi tubuh dengan kriteria baik. Seluruh sapi dikelompokkan dalam dua kelompok, masing-masing berjumlah 10 ekor yang
digunakan pada dua periode yang berbeda (Desember-Januari dan Juli-Agustus) untuk menguji efek panas lingkungan terhadap dinamika folikel
sapi aceh. Masing-masing kelompok dibagi atas dua manajemen pemeliharaan yang berbeda, yakni sapi yang dipelihara dalam kandang dan
sapi yang dipelihara di padang penggembalaan masing-masing terdiri atas lima ekor sapi. Pemilihan waktu kegiatan berdasarkan informasi
yang diperoleh dari Badan Meteorologi Klimatologi dan Geofisika (BMKG) Indrapuri, yang memperkirakan pada bulan Juli dan Agustus
terdapat suhu yang ekstrim sedangkan pada bulan Desember dan Januari suhu relatif normal di Provinsi Aceh. Seluruh sapi disinkronisasi
berahi mengunakan PGF2¢« sebanyak 5 mg/ml secara intra muskular (Lutalyse™, Pharmacia & Upjohn Company, Pfizer Inc.). Pemeriksaan
ultrasonography dilakukan untuk memonitor pertumbuhan dan dinamika folikel ovarium dan dilakukan selama satu siklus. Hari pada saat
ovulasi yang ditandai dengan standing heat dianggap sebagai hari ke-0 siklus estrus. Pengamatan terhadap dinamika folikuler selama siklus
estrus baik pada Desember-Januari maupun Juli-Agustus, dikandangkan dan tidak dikandangkan menunjukkan jumlah gelombang folikel yang
sama yakni sebanyak tiga gelombang pertumbuhan folikel. Perkembangan folikel terbesar pada gelombang pertama (1%DF) pada sapi yang
dipelihara di kandang baik pada Juli-Agustus dan Desember-Januari relatif sama. Perkembangan folikel terbesar pada gelombang pertama
(1"DF) pada sapi yang dipelihara tanpa kandang baik pada Desember-Januari dan Juli-Agustus relatif sama. Dari hasil penelitian dapat
disimpulkan bahwa dinamika folikel sapi aceh tidak berubah pada kondisi stres panas lingkungan dan tidak dipengaruhi oleh manajemen
perkandangan yang berbeda.

Kata kunci: sapi aceh, sinkronisasi berahi, dinamika folikel, stres panas

INTRODUCTION

Heat stress caused infertility and become the main
source of loss in cow management (Silanikove 2000;
Rensis and Scaramuzzi, 2003). It is predicted that the
impact of heat stress will be more significant in the
future along with the rise of average world temperature
on land and sea due to global warming effect (Lendrum
and Woodruff, 2006). Earth global warming might
directly decrease livestock reproduction efficiency.
This effect would increase body temperature which
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could disturb follicle growth in the ovary and reduce
steroid concentration from its normal condition. Cattle
under heat stress suffered decreasing duration and
intensity of estrous as the result of lower level of
gonadotropin and steroid (Wolfenson et al., 1995;
Wijayagunawardane, 2009). The same condition was
also found on goats (Ozawa et al., 2005).

The disturbance in reproduction affected by heat
stress is called follicle development. Cattle in heat stress
would reduce their feed intake that caused lowering
frequency of luteinizing hormone (LH) pulse and
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lengthening the follicular wave. Lengthened follicular
wave resulted in dominant follicle formed to be smaller
than normal (Badinga et al., 1993; Sartori and Wilbank,
2002). Follicle is responsible for estrogen hormone
production. Smaller follicle has lower estrogen
production which will result in lower estrogen activity
(Jordan, 2003; West, 2004). Wolfenson et al. (2000)
added that even though there is an attempt to cool
temperature down had been done, cattle fertility decline
would still persist.

Aceh cattle, a cross between local cattle (Bos
sondaicus) with Zebu crossbred cattle from India (Bos
indicus), is among one of local cattle biodiversity in
Indonesia (Martojo, 2003). Although its growth is not
as fast as crossbreed cattle, local beef cattle show
maximum productivity and economic efficiency in
limited condition. Local cattle have the advantages in
terms of feed consumption efficiency, adaptation
ability to Indonesia’s environment (hot, humid, low
quality feed, ectoparasite, and endoparasite) and its
slaughter weight is suitable with the demand of local
market which made it more suitable and economic to
be cultivated by local people’s pattern and farming
condition (Romjali et al., 2007).

In order to increase Aceh cattle productivity,
exploration on the potency of Aceh cattle needs to be
conducted. There have been many researches on Aceh
cattle recently. Reproduction technology
implementation by PGF2a and progesterone has been
practiced (Siregar et al.,, 2015). Embryo transfer
utilizing follicle stimulating hormone (FSH) based on
the presence of dominant follicle (Siregar et al., 2012)
and using hypophysis extract (Arum et al., 2012) has
also been done. Furthermore in the last few years,
vaginal epithelial cell proportion throughout estrous
cycle has also been reported (Siregar et al., 2016a).
However,  Aceh cattle  reproduction  under
environmental heat stress has never been reported.
Therefore, this research aimed to know Aceh cattle
follicular dynamic under environmental heat stress.

MATERIALS AND METHODS

The research was conducted in Indrapuri Superior
Aceh Cattle Breeding Center (BPT-HMT) from
December 2012 until August 2013. Animal used in this
research were 20 Aceh cattle aged 5-8 years, weighing
150-250 kg, with at least 2 regular cycles. All cattle
used were owned by Indrapuri Superior Aceh Cattle
Breeding Center, Aceh Besar. The cattle used were
clinically and have good body condition score. Cattle
were fed both concentrate and forage. Cattle were
sorted into two research groups, 10 cattle in each
group, used in two different periods (December-
January and July-August) to evaluate environmental
heat’s effect on Aceh cattle reproduction ability. Each
group was divided into two cattle-keeping
managements, cattle kept in pens and cattle kept in
pastures with 5 cattle in each treatment. Research time
allocation was based on information obtained from
Indrapuri Agency for Meteorology, Climatology, and

Geophysics (BMKG), which predicted that there would
be extreme weather for July and August while being
relatively normal on December and January around
Aceh region.

Estrous Synchronization

All cattle were estrous synchronized using PGF2a
25 mg/mL intramuscularly (Lutalyse™, Pharmacia &
Upjohn Company, Pfizer Inc.). Cattle used were not in
gestation, but had corpus luteal in their ovaries. The
cattle were fed with forage twice a day and concentrate
once a day with ad libitum drinking water.

Body Temperature Measurement

Body temperature was measured by digital
thermometer (Electronic Digital Clinical Thermometer
MT-B132F) with the measured temperature ranged
between 32° C to 43° C with 0.1° C of accuracy.
Temperature was measured by inserting proof
thermometer 2-3 cm into rectal for 2-3 minutes on
14.00 (GMT+7). Measurement took place every day on
14.00 (GMT+7).

Ultrasonography

Transrectal ultrasonography was performed by
ultrasound scanner equipped by 5MHz transducer
(Ultrascan 90  Alliance,  Quebec, Canada).
Ultrasonography examination on the cattle was
performed to monitor the growth and dynamic of ovary
follicle. The examination was performed for one cycle.
Ovulation time was marked by standing heat and
regarded as day 0 of estrous cycle.

Data Analysis
Data of follicle growth and dynamic were analyzed
descriptively.

RESULTS AND DISCUSSION

The average temperature and humidity on July-
August and December-January are 26.5+1.52° C and
85+3.20% and 30.5%1.32° C and 88+4.68%,
respectively. Converted into temperature humidity
index (THI), July-August was categorized as 3 (mild
stress) while December-January categorized as 4 (stress
tendency). Examination on follicle dynamics during
stress cycle on December-January and July-August for
both penned and pasture cattle showed the same result
of three follicle waves. The characteristics of follicular
dynamic during estrous cycle on two different cattle-
keeping managements were presented on Table 1.
Follicular wave of Aceh cattle estrous cycle in two hot
environments and two different cattle-keeping
managements were presented on Figure 1 and Figure 2.

Follicle growth characteristics obtained in this
research are almost the same with the result reported by
Siregar et al. (2016b) who found three follicular waves
on Aceh cattle. This condition also supported by Adams
(1999) who stated that >95% of cattle during their estrus
cycles will have two or three follicular waves. In
addition, usually cattle with two follicular waves have

87



Teuku Armansyah et al.

Table 1. Characteristics of follicle growth in Aceh cattle on two hot environments and two different cattle-keeping managements

Characteristics

Cattle in pens

Cattle in pasture

July-August ~ December-January July-August December-January
Length of estrus cycle (days) 17.67+0.58 18.00+1.00 18.00+1.00 18.33+1.15
Number of follicular wave 3 3 3 3
Post-synchronization ovulated follicle diameter ~ 13.00+1.73 11.67+0.58 14.00+3.00 12.67+1.55
(Ov. DF) (mm)
Owulating follicle diameter (3" DF) (mm) 12.67+1.15 12.33+0.58 12.33+0.28 14.00+2.00
Largest CL diameter (mm) H9 H9 H9 H11l
13.67+2.08 13.67+2.08 13.67+2.08 11.00+1.00
DF= Dominant follicle; Max= Maximum; SF= Subordinate follicle
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Figure 1. Aceh cattle follicular dynamics during dry season (A= Kept in pens; B= Kept in pastures)
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Figure 2. Aceh cattle follicular dynamics during rainy season (A= Kept in pens; B= Kept in pastures)

19-20 days of estrous cycle length whereas cattle with 3
follicular waves have 22-23 days. The previous
statement did not match the result on Aceh cattle. The
average estrous cycle length in Aceh cattle is 18 days
with 3 follicular waves. The number of follicular waves
detected was the same with the result reported by Perez
et al. (2003) in FH cattle, Amrozi et al. (2004) in
Japanese black cattle, and Melia (2010) in PO cattle.
Normal estrous cycle consists of two or three
follicular waves, which comprised of emergence,
growth, deviation, dominant, atresia, or ovulation
period. Each wave involves follicle growth which
ranging from big, average, to small. Deviation period
consists of the elimination or stalling of second largest
follicle (subordinate follicle = SF) and the largest
follicle turns dominant and becomes larger. This
deviation period is a selection mechanism that controls
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several ovulating follicle into a single ovulating follicle
(Ginther et al., 2003).

Figure 1 and 2 show that the largest follicle in the
first wave (1" DF) in normal season is relatively
similar. The growth of follicle has begun since day 0
which is during estrous (5.0 mm vs 4.0 mm) and
reached its peak on day 5 (9.33 mm vs 9.33 mm) and
started to turn atresia since day 6 (9.0 mm vs 9.33 mm)
until the end of cycle. The second largest follicle (1%
SF) increased from day 0 (7.67 mm vs 7.67 mm) then
turned atresia until day 7 (6.33 mm vs 6.0 mm). On
second wave, the largest follicle (2" DF) increased
from day 8 (5.67 mm vs 6.0 mm) and reached its peak
on day 12 (8.75 mm 0.50 mm) then turned atresia
since day 13 (8.00+£0.82 mm) until the end of the cycle.
Second largest follicle (2" SF) increased from day 8
(4.75£0.96 mm) and reached its peak on day 12 (8.67
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mm vs 8.67 mm) then turned atresia, with deviation
day on day 13 (6.0 mm vs 7.0 mm). On the third cycle,
there was a very rapid growth from largest follicle (3"
DF) and could clearly be observed since day 14 (9.3
mm vs 10.00 mm) until it became dominant follicle
ready for ovulation on day 18 (12.33 mm vs 12.67
mm). Second largest follicle (3 SF) increased from
day 14 (8.0 mm vs 8.0 mm) and reached its peak on
day 18 (11.00+1.4 mm) with deviation day also on day
18 (10.67 mm).

The growth of largest follicle on first wave (1% DF)
in cattle kept in pasture on both December-January and
July-August are relatively similar. Follicle growth had
started since day 0 which was estrous (5.0 mm vs 4.0
mm) and reached its peak on day 5 (99.0 mm vs 9.33
mm) then turned atresia since day 6 (8.33 vs 9.00 mm)
until the end of cycle. The second largest follicle (1%
SF) increased from day 0 (3.67 vs 4.0 mm) and reached
its peak on day 5 (7.67 vs 7.67 mm) then turned atresia
until day 7 (6.0 vs 6.0 mm). On second wave, the
largest follicle (2" DF) increased from day 7 (5.33 vs
5.00 mm) then reached its peak on day 11 (9.0 vs 9.0
mm) and turned atresia on day 12 (6.33 vs 5.67 mm)
until the end of cycle. Second largest follicle (2™ SF)
increased from day 8 (4.00 vs 3.67 mm) then reached
its peak on day 11 (6.67 vs 6.67 mm) then turned
atresia, with deviation day on day 12 (6.33 vs 6.67
mm). On third wave, a very rapid growth was observed
from largest follicle (3 DF) and clearly observed since
day 13 (9.00 vs 8.33 mm) until it turned into ready to
ovulate dominant follicle on day 18 (14.00 vs 12.33
mm). Second largest follicle (3 SF) increased from
day 13 (7.67 vs 5.67 mm) and reached peak on day 18
(mm) with deviation day also on day 18 (10.33 vs
10.67 mm).

During the wave, the process of follicle growing
and turning atresia was slower than in other wave.
Probably it was caused by the delay of progesterone
hormone on gonadotropin hormone secretion (Fortune,
1993). The small follicle atresia on second wave was
caused by corpus luteal and dominant follicle. It was
proven by how the taking of dominant follicle from the
ovary would be followed by the growth of the next
small follicles (Hariadi, 2005). It was also in line with
Adams et al. (1994) who stated that the presence of
dominant follicle will hinder the emergence of the next
follicular wave. Owvulation during the wave happens
because of corpus luteal regression that causes
progesterone level to fall, and further result in the
disappearance of negative feedback on gonadotropin.
Senger (2003) stated similarly that ovulation can’t
happen when progesterone level is dominant.

Several reports on follicular dynamics during
estrous cycle research, such as Gaur and Purohit (2007)
reported that Ratih cattle (Bos indicus) has two and
three waves within its estrous cycle. The report showed
that as many as 78.57% of cattle have two follicular
waves while the rest have three follicular waves
(21.42%). Putro et al. (2008) reported that FH
crossbred cattle have two follicular waves in their
estrous cycle.

According to Perez et al. (2003), cattle with three
follicular waves have average 1% DF (anovulatory)
diameter larger than other follicles, but smaller than
those in cattle having two follicular waves. This finding
is different with the result obtained from this research,
with Aceh cattle exhibiting 3 follicular waves having
average 1% DF diameter smaller than average 3" DF
diameter (ovulatory). The result in this Aceh cattle is
the same with the one found on PO cattle that has been
reported by Melia (2010).

Even though in this research two follicular waves
were found, but as a comparison, more than three
follicular waves has been found by many cattle
researchers in Europe (Savio et al., 1990; Sirois and
Fortune, 1988) and in Bos indicus cattle (Viana et al.,
2000; Gaur and Parohit, 2007). In this research no four
follicular waves or more found like in gir cattle (Viana et
al., 2000), which is a part of a small proportion of cattle
showing four or more follicular waves during estrous
cycle. In conclusion, Aceh cattle follicular dynamics
does not change under environmental heat stress and is
not affected by different cattle-keeping management.

ACKNOWLEDGEMENTS

The author wish to thank Director General for
Higher Education Republic of Indonesia for the
funding during the research through Hibah Bersaing
Grant, which allows this research to go smoothly.
Special thanks to BPT-HMT Indrapuri Aceh Besar for
facilitating the course of this research.

REFERENCES

Adams, G.P. 1999. Comparative patterns of follicle development and
selection in ruminants. J. Reprod. Fertil. 54:17-32.

Adams, G.P., R.L. Matteri, J.P. Kastelic, J.C.H. Ko, and O.J. Ginther.
1994. Association between surges of follicle-stimulating hormone
and the emergence of follicular waves in heifers. J. Reprod.
Fertil. 94:177-188.

Amrozi, A., S. Kamimura, T. Ando, and K. Hamana. 2004.
Distribution of estrogen receptor alpha in the dominant follicles
and corpus luteum at the three stages of estrous cycle in Japanese
black cows. J. Vet. Med. Sci. 66:1183-1188.

Arum, W.P., T.N. Siregar, and J. Melia. 2013. Efek pemberian
ekstrak hipofisa sapi terhadap respons superovulasi sapi aceh.
J. Med. Vet. 7(2):71-74.

Badinga, L., W.W. Thatcher, T. Diaz, M. Drost, and D. Wolfenson.
1993. Effect of environmental heat stress on follicular
development and steroidogenesis in lactating Holstein cows.
Theriogenology. 39:197-810.

Fortune, J.E. 1993. Follicular dynamics during the bovine estrous
cycle: a limiting factor in improvement of fertility?. Anim.
Reprod. Sci. 33:111-125.

Gaur, M. and G.N. Purohit. 2007. Follicular dynamics in Rathi (Bos
indicus) cattle. Vet. Arch. 77:177-186.

Ginther, O.J., M.A. Beg, F.X. Donadeu, and D.R. Bergfelt. 2003.
Mechanism of follicle deviation in monovular farm species.
Anim. Reprod. Sci. 78:239-257.

Hariadi, M. 2005. Aplikasi Gelombang Folikuler pada Program
Peningkatan Reproduktivitas Ternak. Pidato Pengukuhan Jabatan
Guru Besar dalam Bidang llmu Reproduksi Ternak pada
Fakultas Kedokteran Hewan Universitas Airlangga Surabaya.

Jordan, E.R. 2003. Effects of heat stress on reproduction. J. Dairy
Sci. 86:104-114.

Lendrum, D.C. and R. Woodruff. 2006. Comparative risk assessment
of the burden of disease from climate change. Environment.
Health Perspect.:1935-1941.

89



Teuku Armansyah et al.

Martojo, H. 2003. Indigenous Bali Cattle. The Best Suited Cattle
Breed for Sustainable Small Farms in Indonesia’, Laboratory of
Animal Breeding and Genetics. Faculty of Animal Science
Bogor Agricultural Institute, Indonesia.

Melia, J. 2010. Gambaran Ultrasonografi Organ Reproduksi Sapi
Endometritis yang Diterapi dengan Kombinasi Gentamicin,
Fulmequine, dan Analog PGF,o secara Intra Uteri. Thesis.
Program Pascasarjana, Institut Pertanian Bogor. Bogor.

Ozawa, M., D. Tabayashi, T.A. Latief, T. Shimizu, 1. Oshima, and Y.
Kanai. 2005. Alterations in follicular dynamics and steroidogenic
abilities induced by heat stress during follicular recruitment in
goats. J. Biol. Sci. 129:621-630.

Perez, C.C., |. Rodriguez, F. Espana, J. Dorado, M. Hidalgo, and J.
Sanz. 2003. Follicular growth patterns in repead breeder cows.
Vet. Med. Czech. 48:1-8.

Putro P.P., R. Wasito, H. Wuryastuti, and P. Indarjulianto. 2008.
Dinamika perkembangan folikel dan profil progesteron plasma
selama siklus berahi pada sapi perah. Anim. Prod. 10:73-77.

Rensis, F.D. and R.J. Scaramuzzi. 2003. Heat stress and seasonal
effects on reproduction in the dairy cow. A review.
Theriogenology. 60:1139-1151.

Romjali, E., Mariyono, D.B. Wijono, and Hartati. 2007. Rakitan
Teknologi Pembibitan Sapi Potong. Loka Penelitian Sapi Potong,
Grati-Pasuruan. Balai Pengkajian Teknologi Pertanian Jawa
Timur. http://jatim.litbang.deptan.go.id.

Sartori, R., G.J. Rosa, and M.C. Wiltbank. 2002. Ovarian structures
and circulating steroids in heifers and lactating cows in summer
and lactating and dry cows in winter. J. Dairy Sci. 85:2813-
2822.

Savio, J.D., M.P. Boland, and J.P. Roche. 1990. Development of
dominant follicles and length of ovarian cycles in post-partum
dairy cows. J. Reprod. Fertil. 88:581-591.

Senger, P.L. 2003. Pathways to Pregnancy and Parturition.
Washington State University Research & Technology Park. 2™
revised edition. Current Conception Inc., Washington.

Silanikove, N. 2000. Effects of heat stress on the welfare of
extensively managed domestic ruminants. Livestock Prod. Sci.
67:1-18.

90

Siregar, T.N., H. Hafizuddin, M. Akmal, A. Sayuti, D. Aliza, J.
Melia, T. Armansyah, S. Syafruddin, B. Panjaitan, and D.L.
Adani. 2016b. Follicle dynamics of aceh cattle during estrous
cycle. Global Vet. 17(5):424-429.

Siregar, T.N., Hamdan, G. Riady, B. Panjaitan, D. Aliza, E.F.
Pratiwi, T. Darianto, and Husnurrizal. 2015. Efficacy of two
estrus synchronization methods in Indonesian aceh cattle. Int. J.
Vet. Sci. 4:87-91.

Siregar, T.N., J. Melia, Rohaya, C.N. Thasmi, D. Masyitha, S.
Wahyuni, J. Rosa, Nurhafni, B. Panjaitan, and Herrialfian.
2016a. Determining proportion of exfoliative vaginal cell during
various stages of estrus cycle using vaginal cytology techniques
in aceh cattle. Vet. Med. Int. http://dx.doi.org/
10.1155/2016/3976125.

Siregar, T.N., M.G. Eldora, J. Melia, B. Panjaitan, Yusmadi, and
R.A. Barus. 2012. Kehadiran folikel dominan pada saat inisiasi
superovulasi menurunkan respons superovulasi sapi aceh. J.
Ked. Hewan. 6(2):67-71.

Sirosis, J. and J.E. Fortune. 1988. Ovarian follicular dynamics during
the estrous cycle in heifers monitored by ultrasonography. Biol.
Reprod. 39:308-317.

Viana, J.H.M., A.D.M. Ferreira, W.F. De S4, and L.S.D.A. Camargo.
2000. Follicular dynamics in zebu cattle. Pesquisa
Agropecuaria Brasileira. 35:102-109.

West, J.W. 2004. ‘Heat stress affects how dairy cows produce and
reproduce’. Proceed. Southeast Dairy Herd Management
Conference. Temperature Soaking Frequency.

Wijayagunawardane, M.P.B. 2009. Impacts of Global Warming on
Livestock Reproduction. Department of Animal Science, Faculty
of A. Abstracts of the 1st National Conference, Kandy, Sri
Lanka. www.cdmstudycentre.org.

Wolfenson, D., W.W. Thatcher, J.D. Badinga, J.D. Savio, R. Meidan,
B.J. Lew, R. Braw-Tal, and R. Berman. 1995. Effect of heat
stress on follicular development during the estrous cycle in
lactating dairy cattle. Biol. Reprod. 52:1106-1113.

Wolfenson, D., Z. Roth, and R. Meidan. 2000. Impaired reproduction
in heat-stressed cattle: Basic and applied aspects. Anim.
Reprod. Sci. 60-61:535-547.


http://dx.doi.org/10.1155/2016/3976125
http://dx.doi.org/10.1155/2016/3976125

