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ABSTRACT

The objective of this study was to 
investigate the effect of photoperiod and other 
environmental factors on the population of Water 
buffalo oocytes in Veracruz, Mexico. Oocytes 
(n=123) were obtained by follicular aspiration and 
graded according to morphological characteristics. 
Data regarding regional environmental factors 
(temperature, humidity, and daylight) were collected 
from a historic database of a metrological station. 
Statistical analysis was performed through Person 
correlation, one-way ANOVA and linear regression 
analysis, P<0.05 was considered significant. 
There was a correlation (P<0.05) between oocyte 
populations (total and viable) with temperature, 
humidity, and duration of daylight. ITH (index of 
temperature and humidity) and oocyte viability did 
not correlate (P>0.05) with other variables. Oocyte 
populations (total and viable) and environmental 
variables changed (P<0.05) during all the sampled 
months. Oocyte populations (total and viable) 
were affected (P<0.05) by temperature (r=-0.63;  
r=-0.57), humidity (r=0.46; r=0.39) and daylight 
(r=-0.86; r=-0.87), no association (P>0.05) 
with ITH or oocyte viability were identified. In 
conclusion, temperature, humidity, and daylight 

affected the oocyte populations (total and viable). 
Photoperiod seemed to be the most important factor 
affecting oocyte populations of water buffalos in 
Veracruz state, Mexico.
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photoperiod, Veracruz state, Mexico

INTRODUCTION

For the last 5,000 years, the buffalos 
(Bubalus bubalis) have been a key piece in the 
productive systems of Asian farms. Currently, 
the buffalo has an important niche in the dairy 
and meat industries of several countries (Nanda 
et al., 2003). In Mexico, the buffalo arrived from 
Central America 30 years ago. Thanks to the specie 
characteristic (rusticity, productive efficiency, and 
resistance to some diseases), buffalo herds can be 
found in most Mexican states, especially in those 
with tropical and subtropical environments such as 
Veracruz state (Hernández-Herrera et al., 2018).

There is low reproductive efficiency in the 
buffalo specie due to their reproductive biology 
as late puberty age, long gestation length, low 
primordial oocytes population at birth, low response 
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to exogenous hormones, and environmental 
factors (Jainudeen and Hafez, 2000; Gasparrini, 
2019). Photoperiod is the most important factor 
affecting reproduction, hence, ovarian activity, 
calving cycles, and milk production. Therefore, 
the photoperiod impact on the economy of buffalo 
production systems (Campanile et al., 2010; 
Zicarelli, 2016). 

The buffaloes are considered short-
day breeders, which means that have a major 
reproductive activity in seasons with less daylight 
when they improve ovarian activity, and even 
fertility (Campanile et al., 2010; Di Francesco et 
al., 2012; Campanile et al., 2013; Phogat et al., 
2016; Zicarelli, 2017; Gasparrini, 2019; Wankhade 
et al., 2019; D’Occhio et al., 2020). The effect 
of photoperiod on the reproductive biology of 
buffaloes is more evident at high-latitude places 
(Campanile et al., 2016), but can also affect tropical 
and subtropical countries (de Carvalho et al., 
2016; Monteiro et al., 2018). In those places, other 
environmental factors (temperature and humidity), 
along with the photoperiod, play a very important 
role in reproductive performance, leading even to 
seasonal anestrous (Das and Khan, 2010; Perera, 
2011; Khan et al., 2012; Abdoon et al., 2014; Dash 
et al., 2016; Ramadan, 2018; Phogat et al., 2016; 
Aksoy et al., 2022). In summer, due to the high 
temperatures and humidity (especially in tropical 
and subtropical environments), there is a lack 
in the amount and quality of forage, resulting in 
low nutrition (Perera, 2011; Phogat et al., 2016), 
affecting, even more, the reproductive efficiency 
of buffalo herds. In places near the equatorial line, 
where the duration of the days is almost the same 
throughout the year, the major factors affecting 
buffalo reproduction are nutrition and health (Vale 
et al., 1996).

Has been shown that in those places where 
the photoperiod has a variation between different 
seasons, the biology of ovarian function is affected 
(Gasparrini, 2019). These studies demonstrated 
that the follicle and oocyte populations increase 
during the seasons of short days (breeding season) 
compared with seasons of long days (no-breading 
season; Shahzad et al., 2020). Additionally, it has 
been demonstrated that environmental factors such 
as temperature and humidity affect the oocyte 
recuperation and quality in abattoir-sourced 
ovaries (Nandi et al., 2001). This reduction in the 
quality and population of oocytes during the no-
breeding season can lead to low in vitro embryo 
production (Manjunatha et al., 2009), which is the 
reproductive biotechnology with the best results 
for buffalo specie.

In Mexico, Avalos Rosario et al. (2022) 
made possible the first buffalo embryos produced by 
in vitro fertilization, but there are no studies about 
the impact of photoperiod and other environmental 
factors on the reproductive biology of water 
buffalo. Thus, this study aimed to investigate 
whether the total and viable oocyte populations and 
oocyte viability of water buffalos were affected by 
photoperiod and other environmental factors such 
as temperature, humidity and ITH in Veracruz 
state, Mexico.

MATERIALS AND MEDTHODS

This study was performed during 
April, May, June, July, August, September and 
October 2021. The ovaries were collected at TIF 
647 slaughterhouse, Highway Road of Golfo, 
Km. 221.5, Acayucan, Veracruz state, Mexico 
(17°56′32″N, 94°54′37″W).
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Collect of oocytes
	 After the slaughter of Murrah buffaloes, 
ovaries were obtained, washed with a saline solution 
(0.9% NaCl), and stored in an isothermal container 
with a saline solution at 38.5 °C. Follicles between 
2 to 8 mm were aspirated with sterile needles 
connected to plastic syringes. The follicular liquid 
was collected and deposited in Petri plates with 
PBS solution for oocyte searching (Figure 1). Total 
oocytes (n=123) were separated and classified 
into grades A, B and C according to their cumulus 
oophorous, corona radiata, zona pellucida, plasma 
membrane and cytoplasm characteristics (Avalos 
Rosario et al., 2021). Grade A oocytes are lined 
with a round plasmatic membrane, surrounded 
by at least three cumulus cell layers, with a dark 
and homogeneous cytoplasm. Grade B oocytes are 
round, with less than three layers of cumulus cells, 
with a regular and homogeneous cytoplasm. Grade 
C oocytes have no cumulus cells, and irregular 
plasmatic membrane and cytoplasm. Only grade 
A and B oocytes were classified as viable oocytes 
(Figure 2). The viability percentage was calculated 
following the next formula:

Environmental factors
	 Daily data regarding temperature (T; oC), 
humidity (H; %), and duration of the day (daylight; 
h) were obtained from the historic database 
of the meteorological station of the National 
Meteorological Service (SMN; available in smn.
cna.gob.mx) in the city of Acayucan, state of 
Veracruz, Mexico. The index of temperature and 
humidity (ITH) was calculated following the next 
formula:

Statistical analysis
	 Data were analyzed using the Statistica 
v.10 (StatSoft) software. One-way ANOVA 
analyses were performed to examine the variation 
of total oocytes number per buffalo, viable oocytes 
number per buffalo, viability, and environmental 
factors by month with the Least Square Differences 
(LSD) of Fisher. Relation between total oocytes, 
viable oocytes and viability with environmental 
factors was performed with Person correlation 
analysis, and significant relations were followed by 
an analysis of lineal regression between continuous 
variables. Values of P<0.05 were considered 
significant.

RESULTS

Total oocytes/buffalo and viable oocytes/
buffalo populations had significant (P<0.05) 
correlations with temperature, humidity and 
duration of daylight; but no significant (P>0.05) 
correlations with ITH. Oocyte viability had 
no significant (P>0.05) correlations with 
environmental factors (Table 1).

The temperature of June and July was 
similar (P>0.05) to the rest of the months, but 
the temperatures of April, August, September and 
October were lower (P<0.05) compared with the 
temperature of May. The humidity of June, July 
and August was higher (P<0.05) than the humidity 
of April, May, September, and October. Only April 
had an ITH lower (P<0.05) compared to the rest of 
the months. All the months had different (P<0.05) 
daylight. The number of total oocytes recovered 
per buffalo in September and October was higher 
(P<0.05) compared to the rest of the months. The 
number of total oocytes recovered per buffalo in 
August was higher (P<0.05) compared to April, 
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Figure 1. Water buffalo (Bubalus bubalis) oocytes obtained by follicular aspiration of abattoir-sourced ovaries  
               in Veracruz, Mexico.

Figure 2. Water buffalo (Bubalus bubalis) oocyte characterized as viable (CO: Cumulus oophorous; CR:  
                 Corona radiata; ZP: Zona pellucida; PM: Plasma membrane; CY: Cytoplasm).
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May and June, but similar (P>0.05) to July. The 
number of total oocytes recovered per buffalo in 
May was similar (P>0.05) to April and June, but 
different (P<0.05) to the rest of the months. The 
number of viable oocytes per buffalo recovered 
in September and October was higher (P<0.05) 
compared to the rest of the months. April, July and 
August had lower oocyte viability than May, June, 
September and October (Table 2).
	 There is a negative relation (P<0.05) 
between temperature with total oocytes (r= -0.63) 
and viable oocytes (r= -0.57). As the temperature 
increases, the number of recovered total and viable 
oocytes reduces (Figure 3).
	 There was a positive effect (P<0.05) of the 
humidity on the total oocytes (r=0.46) and viable 
oocytes (r=0.39) populations. As the humidity 
increases, the number of recovered total and viable 
oocytes increases (Figure 4).	
	 There was a strong negative relation 
(P<0.05) between daylight with total oocytes  
(r=-0.86) and viable oocytes (r=-0.87). As daylight 
increases, the number of recovered total and viable 
oocytes reduces (Figure 5).
	 There was a strong influence of daylight 
on oocyte populations. Daylight changes by month 
and is the most favourable factor (P<0.05) affecting 
the number of total and viable oocytes of Water 

buffalo in Veracruz, Mexico. Viability was constant 
and was not affected (P>0.05) by daylight (Figure 
6).
	 Temperature and humidity change 
during the months and affect (P<0.05) the oocyte 
populations. ITH changes (P<0.05) during the 
months but did not affect (P>0.05) the oocyte 
populations of water buffalo in Veracruz, Mexico 
(Figure 7).

DISCUSSION

Several articles have discussed the role of 
environmental factors in the reproductive biology 
of buffaloes. Shahzad et al. (2020) observed 
differences in the temperature and daylight length 
between breeding and no breeding season in China. 
In that study, lower temperatures were registered 
from January to March, higher temperatures were 
registered from July to September, and humidity 
remained constant throughout the year, similar to 
our registers. High temperatures and long days 
were present in no breeding season. These factors 
were associated with a low number of recovered 
oocytes and poor-quality oocytes (Abdoon et al., 
2014). The opposite effect was found during the 
breeding season (lower temperature and short 

Table 1. Person correlation analysis between oocyte populations of water buffaloes and environmental factors  
              in Veracruz, Mexico.

Item Total oocytes/buffalo (n) Viable oocytes/buffalo (n) Oocyte viability (%)
Temperature (ºC) -0.634625 * -0.577918 * 0.027640

Humidity (%) 0.463702 * 0.390320 * -0.082201
ITH 0.048715 0.004976 -0.028138

Daylight (h) -0.860926 * -0.870109 * -0.131913
Values with * are significant (P<0.05).
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Figure 3. Relation between temperature and oocyte populations of water buffalo in Veracruz, Mexico (Total 
oocytes: r=-0.63, r2=0.40, P<0.05; Viable oocytes: r=-0.57, r2=0.33; P<0.05).

Figure 4. Relation between humidity and oocyte populations of water buffalo in Veracruz, Mexico (Total 
oocytes: r= 0.46, r2= 0.22, P<0.05; Viable oocytes: r=0.39, r2=0.15, P<0.05).

Figure 5. Relation between daylight and oocyte populations of water buffalo in Veracruz, Mexico (Total 
oocytes: r=-0.86, r2=0.74, P<0.05; Viable oocytes: r=-0.87, r2=0.76, P<0.05).
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Figure 6. Association between daylight and oocyte populations of water buffalo by month in Veracruz, 
Mexico.

Figure 7. Association between environmental factors and oocyte populations of water buffalo by month in 
Veracruz, Mexico.
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days). The poor-quality oocytes found during no 
breeding season lead a lower oocyte competence 
and therefore, low embryo quality and number (Di 
Francesco et al., 2012; Gasparrini, 2019). Opposite 
to the breeding season finding a large number 
of high-quality oocytes were recovered, hence, 
reaching higher maturation rates, and improving 
the embryo quality and number. Other studies 
have shown that despite no found differences in 
the oocyte viability (assessed by morphological 
criteria), oocyte developmental competence 
(assessed by in vitro maturation) or follicular 
population between seasons (Di Francesco et al., 
2011), the in vitro embryo development during the 
breeding season was higher compared with the no-
breeding season (Di Francesco et al., 2012). 

Despite the photoperiod has been 
described as the most important factor affecting 
reproductive biology in buffaloes in most 
countries, other environmental factors have been 
related to seasonal anestrous. In Italia, where 
the temperature and humidity remain constant 
during the year, the photoperiod is the factor 
controlling the reproductive activity in buffaloes 
(Gasparrini, 2019). But in tropical regions, where 
the photoperiod is constant, anestrous may be due 
mainly to heat stress (Egypt, India, Pakistan) and 
low humidity levels (Venezuela; Marai and Haeeb, 
2010).
	 The oocyte viability differences between 
seasons respond to endocrine, biochemistry 
and even genetic factors led by changes in the 
photoperiod and environmental factors. In 2011, 
Payton et al. (2011) identified that the expression of 
HSP70 (a proapoptotic cellular factor) in cumulus 
oophorous cells and oocytes complex (COC) was 
superior at high temperatures in bovines. Later, the 
same results were found in bufalin COC during no 
breeding seasons (Abdoon et al., 2014), as well 

as seasonal changes in transcriptomic profile and 
mRNA (Capra et al., 2020).
	 Another substance important in the 
regulation of bubaline reproduction is prolactin. 
High levels of prolactin have been found in no 
breeding season (high temperature and long days 
periods; Sheth et al., 1978), inhibiting the secretion 
of gonadotropins, and leading to an anestrous (Roy 
et al., 2009; Roy and Prakash, 2007). 

Substances related to nutrition, such as the 
intrafollicular insulin-like growth factor (IGF1), 
have a big impact on reproductive function (Khan 
et al., 2012; D’Occhio et al., 2019a; D’Occhio et 
al., 2019b). In a study conducted by Salzano et al. 
(2019) in Brazil, low (intrafollicular and plasmatic) 
levels of IGF1 and estradiol were associated with 
a low-quality population of oocytes during no 
breeding seasons.

Melatonin seemed to be the most important 
substance (related to photoperiod) affecting the 
reproductive biology of buffaloes (D’Occhio 
et al., 2020). Melatonin is a hormone produced 
by the pineal gland. Depending on the response 
of the animal to certain stimuli, melatonin is 
produced more in either short or long days periods 
(D’Occhio and Suttie, 1992). Talking strictly 
about buffaloes, melatonin is released in short 
day periods (Parmeggiani et al., 1992). Due to the 
influence of photoperiod on the production and 
release of melatonin, this has an important function 
in the reproduction biology of buffaloes (Ghuman 
et al., 2010; Kumar et al., 2016; Emet et al., 2016; 
Ramadan, 2017; Zhao et al., 2019). The melatonin 
released by the pineal gland has a positive effect 
on the hypothalamus, stimulating the production 
and release of GnRH. This hormone act on the 
hypophysis (pituitary gland), which produces a 
release of gonadotrophin hormones (FSH and 
LH) into the bloodstream. This stimulus results 
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in higher ovarian activity (Misztal et al., 2002; 
Reiter et al., 2009; Weems et al., 2015) during the 
breeding season.
	 Lipids have an important role in ovarian 
function. During the non-breeding season, 
triglycerides, cholesterol, and phospholipids levels 
are high on the follicular fluid and follicular cells. 
Moreover, lower levels of non-esterified fatty acids 
can be found. These differences lead to low oocyte 
competence during the non-breeding season, due to 
the importance of lipids on ovarian activity (Kosior 
et al., 2022).

CONCLUSION

	 Veracruz state has a wide range of 
temperature, humidity, and daylight throughout 
the year. These changes seemed to affect the 
total oocyte and viable oocyte populations of 
water buffalo, but not the oocyte viability, which 
was constant throughout all the sampled months. 
Temperature and humidity affected the number 
of oocytes (total and viable) recovered, but 
photoperiod seemed to be the most important 
factor regarding oocyte populations. Breeding 
strategies must be established to take advantage 
of the seasonal viability of the oocytes of water 
buffalos in Veracruz state, Mexico.

REFERENCES

Abdoon, A.S., C. Gabler, C. Holder, O.M. Kandil 
and R. Einspanier. 2014. Seasonal variations 
in developmental competence and relative 
abundance of gene transcripts in buffalo 
(Bubalus bubalis) oocytes. Theriogenology, 
82(8): 1055-1067. DOI: 10.1016/j.

theriogenology.2014.07.008
Aksoy, M., A. Kaya, M. Ucar, N. Lehimcioglu and 

T. Tekeli. 2002. Effect of seasonal conditions 
on oestrus occurrence and postpartum 
period in Anatolian water buffaloes. Duet. 
Tierarztl. Woch., 109(9): 416-418.

Baruselli, P.S., J.G. Soares, B.M. Bayeux, J.C.B. 
Silva, R.D. Mingoti and N.A.T. Carvalho. 
2018. Assisted reproductive technologies 
(ART) in water buffaloes. Anim. Reprod., 
15(Supp. 1): 971-983. DOI: 10.21451/1984-
3143-AR2018-0043

Campanile, G., L. Avallone, A. D’Angelo, R. Di 
Palo and C. Di Meo. 1994. Influence of 
the season and of the number of days after 
calving on the pattern of thyroid hormones 
in buffalo cows, p. 564-566. In Proceedings 
of the 4th World Buffalo Congress, São 
Paulo, Brazil.

Campanile, G., G. Neglia and M.J. D’Occhio. 
2016. Embryonic and fetal mortality in river 
buffalo (Bubalus bubalis). Theriogenology, 
86(1): 207-213. DOI: 10.1016/j.
theriogenology.2016.04.033

Campanile, G., D. Vecchio, G. Neglia, A. Bella, 
A. Prandi, E.M. Senatore, B. Gasparrini 
and G.A. Presicce. 2013. Effect of season, 
late embryonic mortality and progesterone 
production on pregnancy rates in 
pluriparous buffaloes (Bubalus bubalis) 
after artificial insemination with sexed 
semen. Theriogenology, 79(4): 653-659. 
DOI: 10.1016/j.theriogenology.2012.11.020

Campanile, G., P.S. Baruselli, G. Neglia, D. Vecchio, 
B. Gasparrini, L.U. Gimenes, L. Zicarelli 
and M.J. D’Occhio. 2010. Ovarian function 
in the buffalo and implications for embryo 
development and assisted reproduction. 
Anim. Reprod. Sci., 121(1-2): 1-11. DOI: 



153

Buffalo Bulletin (April-June 2023) Vol.42 No.2

10.1016/j.anireprosci.2010.03.012
Capra, E., B. Lazzari, M. Russo, M.A. Kosior, G. 

Valle, V. Longobardi and B. Gasparrini. 
2020. Seasonal effects on miRNA and 
transcriptomic profile of oocytes and 
follicular cells in buffalo (Bubalus bubalis). 
Sci. Rep.-UK, 10(1): 13557. DOI: 10.1038/
s41598-020-70546-5

D’Occhio, M.J., P.S. Baruselli and G. Campanile. 
2019a. Influence of nutrition, body 
condition, and metabolic status on 
reproduction in female beef cattle: Review. 
Theriogenology, 125: 277-284. DOI: 
10.1016/j.theriogenology.2018.11.010

D’Occhio, M.J., P.S. Baruselli and G. Campanile. 
2019b. Metabolic health, the metabolome 
and reproduction in female cattle: A review. 
Ital. J. Anim. Sci., 18(1): 858-867. DOI: 
10.1080/1828051X.2019.1600385

D’Occhio, M.J. and J.M. Suttie. 1992. The role 
of the pineal gland and melatonin in 
reproduction in male domestic ruminants. 
Anim. Reprod. Sci., 30(1-3): 135-155. DOI: 
10.1016/0378-4320(92)90009-3

D’Occhio, M.J., S.G. Sarvpreet, G. Neglia, G. 
Valle, P.S. Baruselli, L. Zicarelli, J.A. 
Visintin, M. Sarkar and G. Campanile. 
2020. Exogenous and endogenous factors 
in seasonality of reproduction in buffalo: A 
review. Theriogenology, 150: 186-192. DOI: 
10.1016/j.theriogenology.2020.01.044

Das, G.K. and F.A. Khan. 2010. Summer anoestrus 
in buffalo: A review. Reprod. Domest. Anim., 
45(6): 483-494. DOI: 10.1111/j.1439-
0531.2010.01598.x

Dash, S., A.K. Chakravarty, A. Singh, A. Upadhyay, 
M. Singh and S. Yousuf. 2016. Effect of 
heat stress on reproductive performances 
of dairy cattle and buffaloes: A review. 

Vet. World, 9(3): 235-244. DOI: 10.14202/
vetworld.2016.235-244

De Carvalho, N.A.T., J.G. Soares and P.S. 
Baruselli. 2016. Strategies to overcome 
seasonal anestrus in water buffalo. 
Theriogenology, 86(1): 200-206. DOI: 
10.1016/j.theriogenology.2016.04.032

Di Francesco, S., G. Neglia, D. Vecchio, P. Rossi, 
M. Russo, L. Zicarelli, M.J. D’Occhio and 
G. Campanile. 2012. Influence of season on 
corpus luteum structure and function and 
AI outcome in the Italian Mediterranean 
buffalo (Bubalus bubalis). Theriogenology, 
78(8): 1839-1845. DOI: 10.1016/j.
theriogenology.2012.07.022

Di Francesco, S., L. Boccia, G. Campanile, R. Di 
Palo, D. Vecchio, G. Neglia, L. Zicarelli 
and B. Gasparrini. 2011. The effect of 
season on oocyte quality and developmental 
competence in Italian Mediterranean 
buffaloes (Bubalus bubalis). Anim. 
Reprod. Sci., 123: 48-53. DOI: 10.1016/j.
anireprosci.2010.11.009

Di Francesco, S., M.V.S. Novoa, D. Vecchio, G. 
Neglia, L. Boccia, G. Campanile and B. 
Gasparrini. 2012. Ovum pick-up and in 
vitro embryo production (OPU-IVEP) in 
Mediterranean Italian buffalo performed 
in different seasons. Theriogenology, 
77(1): 148-154. DOI: 10.1016/j.
theriogenology.2011.07.028

Emet, M., H. Ozcan, L. Ozel, M. Yayla, Z. Halici 
and A. Hacimuftuoglu. 2016. A review of 
melatonin, its receptors and drugs. Eurasian 
Journal of Medicine, 48(2): 135-141. DOI: 
10.5152/eurasianjmed.2015.0267

Gasparrini, B. Effects of reproductive season on 
embryo development in the buffalo. Reprod, 
Fert. Develop., 31(1): 68-81. DOI: 10.1071/
RD18315



Buffalo Bulletin (April-June 2023) Vol.42 No.2

154

Ghuman, S.P.S., J. Singh, M. Honparkhe, D. 
Dadarwal, G.S. Dhaliwal and A.K. Jain. 
2010. Induction of ovulation of ovulatory 
size non-ovulatory follicles and initiation 
of ovarian cyclicity in summer anoestrous 
buffalo heifers (Bubalus bubalis) using 
melatonin implants. Reprod. Domest. 
Anim., 45: 600-607. DOI: 10.1111/j.1439-
0531.2008.01310.x

Hernández-Herrera G., D.A. Lara-Rodríguez, D. 
Vázquez-Luna, N. Ácar-Martínez, J.A. 
Fernández-Figueroa and M.G. Velásquez-
Silvestre. 2018. Búfalo de agua (Bubalus 
bubalis): Un acercamiento al manejo 
sustentable en el sur de Veracruz, México. 
Agroproductividad, 11(10): 27-32.

Jainudeen, M.R. and E.S.E. Hafez. 2000. Bovinos 
y buffaloes, p.163-176. In Hafez, E.S.E. 
and B. Hafez (eds.) Reproduccion e 
Inseminacion Artificial en Animales, 7th ed. 
Mc Graw-Hill, Ciudad de Mexico, Mexico. 

Khan, F.A., G.K. Das, M. Pande, M. Sarkar, R.K. 
Mahapatra and U. Shankar. 2012. Alterations 
in follicular fluid estradiol, progesterone 
and insulin concentrations during ovarian 
acyclicity in water buffalo (Bubalus 
bubalis). Anim. Reprod. Sci., 130(1-2): 27-
32. DOI: 10.1016/j.anireprosci.2011.12.020

Kosior, M.A., A. Calabria, M.P.B. Mora, M. Russo, 
G.A. Presicce, N. Cocchia, S. Monti, H. 
Aardema and B. Gasparrini. 2022. Seasonal 
variations in the lipid profile of the ovarian 
follicle in Italian Mediterranean buffaloes. 
Animals, 12(16): 2108. DOI: 10.3390/
ani12162108

Kumar, A., S. Mehrotra, G. Singh, V.P. Maurya, K. 
Narayanan, A.S. Mahla, R.K. Chaudhari, 
M. Singh, Y.K. Soni, B.L. Kumawat, 
S.K. Dabas and N. Srivastava. 2016. 

Supplementation of slow-release melatonin 
improves recovery of ovarian cyclicity and 
conception in summer anoestrous buffaloes 
(Bubalus bubalis). Reprod. Domest. Anim., 
51(1): 10-17. DOI: 10.1111/rda.12639

Manjunatha, B.M., J.P. Ravindra, P.S. Gupta, 
M. Devaraj and S. Nandi. 2009. Effect of 
breeding season on in vivo oocyte recovery 
and embryo production in non-descriptive 
Indian river buffaloes (Bubalus bubalis). 
Anim. Reprod. Sci., 111: 376-383. DOI: 
10.1016/j.anireprosci.2008.03.003

Marai, I.F. and A.A. Haeeb. 2010. Buffalo’s 
biological functions as affected by heat 
stress-A review. Livest. Sci., 127: 89-109. 
DOI: 10.1016/j.livsci.2009.08.001

Misztal, T., K. Romanowicz and B. Barcikowski. 
2002. Melatonin - A modulator of the 
GnRH/LH axis in sheep. Reprod. Biol., 
2(3): 267-275.

Monteiro, B.M., D.C. de Souza, G.S.F.M. de 
Vasconcellos, N.A.T. de Carvalho and 
P.S. Baruselli. 2018. Effect of season on 
dairy buffalo reproductive performance 
when using P4/E2/eCG-based fixed-
time artificial insemination management. 
Theriogenology, 119(1): 275-281. DOI: 
10.1016/j.theriogenology.2018.07.004

Nanda, A.S. and T. Nakao. 2003. Role of buffalo 
in the socioeconomic development of 
rural Asia: Current status and future 
prospectus. Anim. Sci. J., 74: 443-455. DOI: 
10.1046/j.1344-3941.2003.00138.x

Nandi, S., M.S. Chauhan and P. Palta. 2001. Effect 
of environmental temperature on quality 
and developmental competence in vitro of 
buffalo oocytes. Vet. Rec., 148(9): 278-279. 
DOI: 10.1136/vr.148.9.278

Parmeggiani, A., E. Seren, L. Esposito, A. Borghese, 



155

Buffalo Bulletin (April-June 2023) Vol.42 No.2

R. Di Palo and M.G. Terzano. 1993. Plasma 
levels of melatonin in buffalo cows, p. 
401-403. In Proceeding International 
Symposium Prospect of Buffalo Production 
in the Mediterranean and in the Middle 
EastQ, Cairo, Egypt.

Payton, R.R., L.A. Rispoli, A.M. Saxton and 
J.L. Edwards. 2011. Impact of heat stress 
exposure during meiotic maturation on 
oocyte, surrounding cumulus cell, and 
embryo RNA populations. J. Reprod. 
Develop., 57(4): 481-491. DOI: 10.1262/
jrd.10-163m

Perera, B.M.A.O. 2011. Reproductive 
cycles of buffalo. Anim. Reprod. Sci., 
124(3-4): 194-199. DOI: 10.1016/j.
anireprosci.2010.08.022

Phogat, J.B., A.K. Pandey and I. Singh. 2016. 
Seasonality in buffaloes reproduction. 
International Journal of Plant, Animal 
and Environmental Sciences, 6(2): 46-54. 
Available on: https://www.fortunejournals.
com/ijpaes/admin/php/uploads/949_pdf.pdf

Qureshi, M.S., H.A. Samad, G. Habib, R.H. Usman 
and M.M. Siddiqui. 1999. Study on factors 
leading to seasonality of reproduction in 
dairy buffaloes. I. Nutritional factors. Asian 
Austral. J. Anim., 12(7): 1019-1024.: DOI: 
10.5713/ajas.1999.1019

Ramadan, S.I. 2018. Effect of some genetic and 
non-genetic factors on productive and 
reproductive traits of Egyptian buffaloes. 
Journal of Advanced Veterinary and Animal 
Research, 5(4): 372-380. DOI: 10.5455/
javar.2018.e287

Ramadan, T.A. 2017. Role of melatonin in 
reproductive seasonality in buffaloes. 
Theriogenology, 5: 87-107. DOI: 10.5772/
intechopen.69549

Reiter, R.J., D.X. Tan, L.C. Manchester, S.D. 
Paredes, J.C. Mayo and R.M. Sainz. 2009. 
Melatonin and reproduction revisited. Biol. 
Reprod., 81(3): 445-456. DOI: 10.1095/
biolreprod.108.075655

Rosario, I.I.A., O.E.Z. Guevara, M. Kjelland, L.T.E. 
Iturbe, B.D. Mancera and M.B. Morales. 
2022. Evaluation of the maturation time 
of abattoir-sourced water buffalo (Bubalus 
bubalis) oocytes fertilized in vitro. Uttar 
Pradesh Journal of Zoology, 43(12): 30-36.

Roy, K.S. and B.S. Prakash. 2009. Changes in 
endocrine profiles during ovsynch and 
ovsynch plus norprolac treatment in Murrah 
buffalo heifers at hot summer season. Trop. 
Anim. Health Prod., 41(4): 677-687. DOI: 
10.1007/s11250-008-9241-3

Roy, K.S. and B.S. Prakash. 2007. Seasonal 
variation and circadian rhythmicity of the 
prolactin profile during the summer months 
in repeat-breeding Murrah buffalo heifers. 
Reprod. Fertil. Develop., 19(4): 569-575. 
DOI: 10.1071/RD06093

Salzano, A., B. Gasparrini, D. Vecchio, V. 
Longobardi, P.B. Baruselli, A. Balestrieri, 
F. Licitra, M. D’Occhio and G. Neglia. 
2019. Effect of photoperiod on follicular 
IGF-1 and oocyte quality independently 
of metabolic status in buffalo heifers. 
Ital. J. Anim. Sci., 18(1): 949-956. DOI: 
10.1080/1828051X.2019.1588793

Sheth, A.R., K.B. Wadadekar, S.B. Moodbidri, K. 
Janakiraman and M. Parameswaran. 1978. 
Seasonal alterations in the serum prolactin 
and LH levels in the water buffalo. Current 
Science Association, 47(3): 75-77.

Vale, W.G., H.F.L. Ribeiro, A.O.A. Silva, J.S. 
Sousa, O.M. Ohashi and H.E.M. Souza. 
1996. Buffalo: A non-seasonal breeder in 



Buffalo Bulletin (April-June 2023) Vol.42 No.2

156

the Amazon Valley, Brazil. In Proceedings 
of the 13th International Congress on Animal 
Reproduction, Elsevier Science, New York, 
USA.

Wankhade, P.R., V.D. Kumar, A.J. Talokar, 
G.N. Aderao, G.D. Miranda and D.P. 
Gourkhede. 2019. Effect of photoperiod on 
the performances of buffaloes: A review. 
Journal of Entomology and Zoology 
Studies, 7(1): 177-180. Available on: https://
www.entomoljournal.com/archives/2019/
vol7issue1/PartD/6-6-218-326.pdf

Weems, P.W., R.L. Goodman and M.N. Lehman. 
2015. Neural mechanisms controlling 
seasonal reproduction: Principles derived 
from the sheep model and its comparison 
with hamsters. Front. Neuroendocrin., 37: 
43-51. DOI: 10.1016/j.yfrne.2014.12.002

Wood, S., A. Quinn, S. Troupe, C. Kingsland and 
I. Lewis-Jones. 2006. Seasonal variation in 
assisted conception cycles and the influence 
of photoperiodism on outcome in in vitro 
fertilization cycles. Hum. Fertil., 9(4): 223-
229. DOI: 10.1080/14647270600806557

Zhao, D., Y. Yu, Y. Shen, Q. Liu, Z. Zhao, R. 
Sharma and R.J. Reiter. 2019. Melatonin 
synthesis and function: Evolutionary history 
in animals and plants. Front. Endocrinol., 
10: 249. DOI: 10.3389/fendo.2019.00249

Zicarelli, L. 2016. Influence of seasonality on 
buffalo production, p. 196-224. In G.A. 
Presicce (edn.) The Buffaloes (Bubalus 
bubalis) - Production and Research, 
Bentham Science Publishers, Sharjah, 
United Arab Emirates.

Zicarelli, L. 2017. Can we consider buffalo a non 
precocious and hypofertile species? Ital. 
J. Anim. Sci., 6(Suppl. 2): 143-154. DOI: 
10.4081/ijas.2007.s2.143


