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ABSTRACT

The study determined the effects of season and temperature humidity index 
on the mass activity, semen volume, sperm motility and sperm concentration 
from eight (8) Bulgarian Murrah buffalo bulls raised at the Philippine Carabao 
Center at the University of the Philippines Los Baños (PCC at UPLB), La-
guna from 2017-2018. The data were analyzed using a 2x2 factorial design in 
CRD, the first factor was the season (rainy and dry), while the second factor 
was stress condition (mild, 72–78 THI and moderate, 79–88 THI). Results re-
vealed that the semen volume was significantly lower during the dry season 
and mass activity was significantly lower during 79-88 THI. The interaction 
between the season and THI did not significantly influence all semen parame-
ters. In conclusion, the changing seasons and different groups of THI did not 
seem to affect the general semen parameters analyzed in this study, in terms of 
possible chances of impregnating female buffaloes on estrus. This indicates that 
the bulls tolerated the changes in the environmental condition of the prevailing 
area and the management of the bulls employed by the center was effective in 
helping them to adapt to hot and humid tropical environment. 
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INTRODUCTION

	 Heat stress is a condition in which processes are activated to sustain an animal’s 
body thermal balance when subjected to uncomfortable high temperatures (Dash et al., 
2016). This can be attributed to several environmental factors like temperature, relative 
humidity and solar radiation (Morell, 2020). The effect is exacerbated when heat stress is 
followed by high ambient humidity (Marai and Habeeb, 2010a) and with periods of extreme 
weather (Dash et al., 2016).
	 In countries with a tropical climate, heat stress is generally responsible for the 
decrease in animal productivity and showed unfavorable effects on the reproductive
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performance of buffaloes (Sharma et al., 2018). It is one of the main factors for the deterio-
ration of fertility of the animals (Ahmad and Tariq, 2010). When elevated temperatures and 
humidity are present in the environment, it is hard for the animals to dissipate heat resulting 
in heat stress (Dash et al., 2016). Moreover, the normal physiological responses of the ani-
mal to regulate body temperature may be overwhelmed when exposed to such environmen-
tal conditions (Morell, 2020). 
	 Although buffaloes are well adapted to warm and humid conditions, their repro-
ductive traits are affected by climate changes (Marai and Habeeb 2010b). It was observed 
that the productive and reproductive performances of buffaloes differ depending on their 
location (Dash et al., 2016). Additionally, the quality of sperm is affected by environmental 
factors such as temperature, humidity, atmospheric pressure, and day length. An increase in 
testicular temperature, either by subjecting the animal to elevated ambient temperature and 
increased body temperature, disrupts spermatogenesis resulting in the abnormality of the 
sperm leading to low semen quality (Mathevon et al., 1998).
	 Temperature humidity index (THI) is used to estimate the degree of heat stress in 
animals. The core body temperature of the animal increases when subjected to THI that is 
above the threshold and prolonged exposure of the animals above the threshold results in 
greater heat stress. Buffaloes are sensitive to heat stress when the THI level exceeded 75 
(Dash et al., 2016). Vale (2007) mentioned that THI that is >75 has an adverse effect on the 
reproductive performances of buffaloes. Since the country is characterized by relatively 
high temperatures, high humidity and abundant rainfall (PAGASA, 2022), it is of great im-
portance to ascertain the influence of season and THI on Bulgarian Murrah buffalo semen as 
this environmental condition might predispose the bulls to heat stress affecting their semen 
quality (mass activity, semen volume, sperm motility and sperm concentration). Hence, this 
study was conducted.

MATERIALS AND METHODS

	 A retrospective study was done using the semen production records of eight (8) 
apparently healthy Bulgarian Murrah buffalo bulls with ages ranging from 3-9 years old, 
maintained at the institutional herd of the Philippine Carabao Center at the University of the 
Philippines Los Baños (PCC at UPLB). The data on the semen parameters (mass activity, 
semen volume, sperm motility and sperm concentration) were extracted from the records 
of the herd from 2015-2019. Only the data from 2017-2018 were considered in the analysis 
because the semen production records of the bulls were complete and the method of analysis 
was consistent.
	 The bulls were individually confined in pens with enough ventilation and protection 
against heat during the summer and rainy seasons. Each bull was fed ad libitum with good 
quality forage, such as para grass, with 1-3 kilograms of concentrates and supplemented 
with mineral blocks.
	 Two (2) climatic conditions were considered namely: the rainy season (June - No-
vember) and the dry season (December-May). The seasons were based on the description 
set by the Philippine Atmospheric, Geophysical and Astronomical Services Administration 
(PAGASA, 2022). 
	 The records on the daily dry bulb and wet bulb temperatures covering all sea-
sons were taken from the Agro-meteorological station (AGROMET) of the College of
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Engineering and Agro-industrial Technology (CEAT, UPLB) to compute the THI using the 
following formula: THI = (Tdb + Twb x 0.72 + 40.6) where Tdb and Txb = 0.72 and 40.6 
constants by Thom (1959).
	 The THI groupings were divided into two groups (Group 1: 72-78; mild stress and 
Group 2: 79-88; moderate stress) since the animals were not exposed to <72 and >89 THI. 
The study of Dash et al. (2016) served as the basis for determining the THI groupings (Table 
1) as it reflected the effects of different levels of THI on the performance of the buffaloes.
	 Semen collection was conducted twice a week, every Tuesday and Friday from 4:00 
to 6:00 in the morning. Prior to semen collection, the bull donors were bathed and thorough-
ly cleaned to remove any dirt that would contaminate the samples. Bull semen was collected 
by trained bull handlers using an artificial vagina with hot water heated to 45°C. After col-
lection, the ejaculates in the collecting tubes (15 ml capacity) were placed in a pre-heated 
water bath set at 28–32°C for semen evaluation using a phase contrast microscope (Nikon, 
Japan; magnification 100x). Each ejaculate was evaluated for its physical characteristics 
such as mass activity, semen volume, sperm motility and sperm concentration. The first and 
second ejaculates of bulls were analyzed in this study. 
	 Semen volume was determined using a calibrated collection tube while the 
appearance of the semen was evaluated through visual inspection. Sperm motility was eval-
uated using a phase contrast microscope (Nikon®, magnification of 100x). It was estimated 
by placing a small drop of semen in a glass slide covered with cover slip on a microscope 
stage set at 36–39°C. Motility was graded using the percentage of motile sperm:  90–100% 
(excellent motility), 80–85% (very good motility), 70–75% (good motility), 60–65% (fair 
motility), 5–55% (unfit to use), and 0 (zero motility). Sperm concentration was determined 
by diluting 40 µl of semen in 3,960 µl saline solution (0.9%). Sperm absorbance was read 
by using a spectrophotometer IMV® (520 um). Semen was evaluated by a trained technician 
of the AI center. The mass activity was scored as follows: 1 – with slight movement, 2 – 
increasing progressive movement, 3 – no swirls formed, excellent progressive movement, 
4 – have swirls, good movement and 5 – vigorous movement.
	 Data on the effects of season and THI on semen parameters were analyzed using 2x2 
factorial in Completely Randomized Design (CRD) where factor A was the different seasons 
and factor B was the different groups of THI. All statistical analyses were conducted using

Table 1. Effects of different levels of THI on the performance of buffalo.

THI Stress Level Symptoms in buffalo
<72 None Optimum productive and reproductive performance.

72 - 78 Mild Elevation in rectal temperature and respiration rate.
79 - 88 Moderate Respiration rate is significantly increased. Dry matter 

intake of buffalo is decreased and ratio of forage to con-
centrate intake is decreased.

89 - 98 Severe Excessive panting and restlessness are observed. Rumi-
nation and urination are lowered along with a negative 
impact on reproductive performances in buffaloes.

>98 Danger Heat stress is extreme and buffaloes may die.
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the Statistical Analysis System (SAS version 9.0 software). Comparison of treatment means 
was analyzed using the Least Significant Difference (LSD) at 5% level of significance.

RESULTS AND DISCUSSION

	 This study was a retrospective analysis of a dataset collected over a period of 2 
years (2017-2018) involving a total of 699 ejaculates from eight (8) Bulgarian Murrah buf-
falo bulls. These bulls were regularly used by the PCC-UPLB herd as semen donors for 
nationwide semen production intended for artificial insemination. 
	 Table 2 summarizes the climatic condition to which the bulls were exposed during 
the period of the study (2017-2018). The data show that the bulls were subjected to the fol-
lowing environmental conditions: temperature (27.94±0.05), relative humidity (83.65±0.26) 
and THI (78.14±0.07) which fall within the range of the normal environmental condition ob-
served by PAGASA (2022) except for the temperature that is a little higher than the average 
temperature reported in all weather stations in the country.
	 According to PAGASA (2022), the country experiences relatively high tempera-
tures, high humidity and abundant rainfall. The high relative humidity is due to high tem-
peratures and surrounding bodies of water. All weather stations recorded a mean annual 
temperature of 26.60°C excluding Baguio. The coolest months were observed in January 
(mean=25.5°C) while the warmest months fall in May (mean=28.3°C). Moreover, the 
average monthly relative humidity varies between 71% in March and 85% in September. 
	 On the other hand, heat stress begins when THI is >72 and animals get seriously 
affected when it increases to >78. Furthermore, THI which is >82 severely affects the pro-
duction and reproduction of animals (Hoque et al., 2018). Based on these THI values, we 
conclude that the bulls in the present study were subjected to heat stress having been ex-
posed to higher THI values (78.14±0.07) for the entire period of the study. 
	 The P-values of the main effects of season and THI and its interaction effect on the 
buffalo semen parameters are presented in Table 3. The results of the study reveal that se-
men volume, sperm motility and sperm concentration were not influenced (P>0.05) by the 
different groups of THI. 
	 There were no interactive effects (P>0.05) between season and THI on all semen 
parameters. However, the main effect of season was significantly (P<0.05) observed in mass 
activity and semen volume. Whereas, the main effect of THI was noted in mass activity.
	 The effects of season and THI on mass activity are presented in Figure 1. The mass 
activity in different seasons varied from 2.92±0.02 to 2.78±0.03 with an overall mean of 
2.86±0.02. The results indicate that mass activity was significantly influenced (P<0.05) by 
the season. The highest mass activity was recorded during the rainy season (2.92±0.02) 
while the lowest mass activity was obtained in the dry season (2.78±0.03). This coincides

Table 2. Summary of the climatic condition covering the period of analysis (2017-2018).

Climatic Condition Rainy Dry Overall
Temperature, °C 28.19±0.04 27.59±0.09 27.94±0.05
Relative humidity, % 84.73±0.31 82.11±0.42 83.65±0.26
THI 78.69±0.06 77.36±0.15 78.14±0.07
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with the study of Baruti et al. (2019) on swamp buffaloes. However, the authors found the 
highest mass activity during the winter season (3.52) and the lowest was observed in the 
summer season (3.43). Javed et al. (2000) reported similar results but obtained the highest 
mass activity in autumn (2.97±0.12) and spring (2.87±0.13). The significant decrease in 
the movement of sperms during the dry season may be attributed to higher temperatures 
(rainy-28.19±0.04; dry-27.59±0.09) experienced by the bulls during the period of analysis. 
Comparable results were also obtained by Sarder (2007). He reported that the highest mass 
activity was found at 25-29°C and with >85% relative humidity. In contrast, Bhakat et al. 
(2014, 2015) indicated that season did not affect (P>0.05) mass activity of Karan bulls and 
Murrah buffalo semen respectively. Das et al. (2016) reported that although mass activity 
varied during different seasons it was not (P<0.05) significantly affected by season.
	 There was limited literature on the effect of THI on mass activity. However, the re-
sults of the present study clearly show that mass activity was significantly affected (P<0.05) 
by the different groups of THI. This means that when the bulls are exposed to higher THI 
values a significant decrease in mass activity can be observed. Dash et al. (2016) noted that 
when the animals are exposed to THI ranging from 79-88, they are subjected to moderate 
stress exhibiting an increase in respiration rates and their dry matter intake is also decreased. 
	 On the other hand, the mass activity score of the semen should be equally consid-
ered important as this is used as a reference in the initial screening of semen prior to semen 
processing. Additionally, this is very important because without active movement of the

Table 3. P-values of the main effects of season and THI and its interaction effect on the 
	   buffalo semen parameters. 

Semen Parameters
P-values

Season1 THI2 Interaction 
(THI x Season)

Mass activity 0.0028 0.0217 0.8720
Semen volume, ml 0.0144 0.4775 0.3213
Sperm motility, % 0.2510 0.5329 0.3366
Sperm concentration, M/ml 0.3471 0.8020 0.2657

1Seasons: Rainy (June-November); Dry (December-May)
2THI groups: (Group 1: 72-78; Group 2: 79-88)

	

Figure 1. Mass activity of Bulgarian Murrah buffalo bulls in different seasons and THI 
	    groups (2017-2018).
abMeans with different superscript are significantly different using the Least Significant Difference (LSD) 
(P<0.05).
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sperm it cannot penetrate the ovum and accomplish fertilization (Capitan and Palad, 1999).
	 The effects of season and THI on semen volume are presented in Figure 2. The sea-
son significantly (P<0.05) influenced the semen volume. The overall mean semen volume 
of Bulgarian Murrah buffalo bulls was found to be at 4.87±0.09 in the rainy season and 5.26 
± 0.14 in the dry season. It can be noted that a higher semen volume was produced during 
the dry season while the lowest was noted during the rainy season (5.26 vs 4.87). This is in 
agreement with the study of (Javed et al., 2000; Das et al., 2016). However, Das et al. (2016) 
obtained the highest semen volume during the monsoon season while Javed et al. (2000) 
recorded the highest semen volume in autumn (5.80±0.81).
	 Although there were several factors that might affect the semen volume (e.g age, 
breed), the higher values on the relative humidity (84.73±0.31) and ambient temperature 
(28.19±0.04) recorded during the year might contribute to the differences in the semen vol-
ume. Biniova et al. (2017) mentioned that daily average ambient temperatures and daily 
average humidity have significant effects on semen characteristics. This was supported by 
Hameed et al. (2017) who obtained a decrease in the ejaculatory volume of bulls following 
an increase in ambient temperature. Furthermore, the volume of semen obtained through an 
artificial vagina may vary due to breed, age, season and frequency of ejaculation (Mamuad 
et al., 2005).
	 The season of the year, vigor of the thrust during collection, and disturbance at the 
time of ejaculation influence the volume of semen (Capitan and Palad, 1999). Also, the bulls 
in the present study might have adjusted or did not tolerate the changing season of the year 
as evidenced by lowered semen volume during the rainy season. This is in contrast with 
the results reported by Koonjaenak et al. (2007). Although their study obtained the highest 
semen volume (3.8±0.2) during summer, semen volume did not differ between seasons. 
Similar findings were also reported by Hameed et al. (2017) in Nili Ravi buffaloes, Tiwari et 
al. (2011), Bhakat et al. (2015) and Isnaini et al. (2019) in Murrah buffaloes. Sarder (2007) 
observed that semen volume was not significantly (P>0.05) affected by ambient tempera-
ture. He found out that the highest semen volume was recorded at >29°C while the lowest 
was at 25-29°C. Conflicting results on the effect of season on semen volume might be due to 
the number of observations and the length of the study period (Javed et al., 2000).
	 There were no significant findings on the effect of THI on semen volume. This is 
in agreement with the study of Sharma et al. (2018). In the present study, the highest se-
men volume (5.11±0.14) was recorded in Group 2 with THI values ranging from 79-88. 
However, Sharma et al. (2018) recorded the highest semen volume with a lower THI value 

Figure 2. Semen volume (ml) of Bulgarian Murrah buffalo bulls in different seasons and THI 
	   groups (2017-2018). 
abMeans with different superscript are significantly different using the Least Significant Difference (LSD) 
(P<0.05).
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ranging from 64-74. The lowest semen volume was obtained in THI value ranging from 
78-84. It is interesting to note that although the buffaloes used in the study were exposed to 
different groups of THI (72-78; 79-88) which may subject them to mild and moderate stress, 
the results indicate that THI alone did not (P>0.05) affect the semen volume. This might 
be due to the management system employed in the herd which includes improved housing 
facilities and showering the bulls, especially at the warmest time of the day in order for 
the animals to dissipate heat and adapt to the environment especially when the weather is 
unfavorable. It is important that males give generous amounts of semen so that many insem-
inations can be done or many doses can be produced if they are to be extended. However, 
large volume cannot be translated into high sperm concentration and the relation between 
the amount of ejaculate and fertility is not established (Capitan and Palad, 1999).
	 The effects of season and THI on sperm motility are presented in Figure 3. The over-
all mean of sperm motility of Bulgarian Murrah buffalo bulls was found to be 58.25±0.01 
during the rainy season and 56.40±0.01 in the dry season.
	 The highest percentage of sperm motility was observed during the rainy season. 
Similar results were also obtained by Koonjaenak et al. (2007) and Isnaini et al. (2019). 
Although there were varying values on the relative humidity and ambient temperature in 
both seasons, the present study shows that that season did not (P>0.05) influence the sperm 
motility of the bulls. This conforms to the studies of Das et al. (2016) and Javed et al. (2000) 
wherein they obtained higher sperm motility in different seasons. They further concluded 
that sperm motility of buffalo bull semen did not (P>0.05) differ significantly between sea-
sons. Similarly, Hameed et al. (2017) mentioned that season did not influence the sperm 
motility of Nili Ravi buffalo bulls in Pakistan. The lowest individual sperm motility was 
observed during the winter season and the highest was recorded during the spring season. 
However, the results are in contrast with the findings of (Mishra et al., 2012; Bhakat et al., 
2014, 2015). Bhakat et al. (2014) obtained the highest sperm motility during winter and the 
lowest in the summer season.
	 Sperm motility was also not (P>0.05) affected by the different groups of THI. The 
non-significant effect of season and THI on sperm motility implies that sperm motility could 
be affected by other factors such as handling and management (Javed et al., 2000). Longer 
exposure of semen to room temperature prior to evaluation may decrease the percentage of 
sperm motility. This is not in accordance with the previous report of Sharma et al. (2018) 
wherein the highest progressive motility was found at the THI value of 72-78 while the low-
est was recorded at the THI value of 78.84. Their results indicate that there was a significant

Figure 3. Sperm motility (%) of Bulgarian Murrah buffalo bulls in different seasons and THI 
	   groups (2017-2018).



Turaja et al.

decrease in progressive motility when the THI value increases to 78-84. The non-signifi-
cant effects of season and THI in sperm motility are due to the immediate submission of 
collected semen to the laboratory thus preventing the motility of the sperm to decrease in 
quality caused by longer exposure to room temperature. Like other semen parameters, initial 
motility is very important because this is one of the best indicators of viability and fertility of 
semen, although this is not necessarily a sign of normal fertilizing capabilities of the sperm 
(Capitan and Palad, 1999).
	 The effects of season and THI on sperm concentration are presented in Figure 4. The 
number of spermatozoa per unit volume of semen will be used as an important consideration 
in determining the optimum fertility of the bull (Mamuad et al., 2005). The overall mean 
sperm concentration of Bulgarian Murrah buffalo bulls was found to be 192±0.01 during the 
rainy season and 202.06±0.02 in the dry season.
	 It can be noted that a higher sperm concentration was recorded during the dry sea-
son. However, results show that season did not (P>0.05) influence the sperm concentration 
of buffalo semen conforming to the previous results in swamp buffalo bulls in Thailand 
(Koonjaenak et al., 2006, 2007). However, Koonjaenak et al. (2007) obtained the highest 
value in the rainy and winter season. It is more likely that sperm concentration is main-
tained across seasons, indicating that seasonal changes do not particularly affect testicular 
production during the year (Koonjaenak et al., 2006). Das et al. (2016) also mentioned that 
season did not influence (P>0.05) the sperm concentration in swamp buffaloes in India. This 
is inconsistent with the findings of (Javed et al., 2000; Bhakat et al., 2014, 2015; Hameed 
et al., 2017; Isnaini et al., 2019). Hameed et al. (2017) mentioned that sperm concentration 
was influenced by season with significantly (P<0.05) higher sperm concentration in autumn 
followed by spring, dry summer, humid summer and winter. Similar results were obtained 
by Bhakat et al. (2015) but recorded the highest sperm concentration during winter followed 
by rainy and summer seasons. His findings revealed that a lower concentration of spermato-
zoa during summer may be due to the significant reduction in feed intake and an increase in 
dead and abnormal spermatozoa. Isnaini et al. (2019) explained that the reduction of sperm 
concentration in the dry season was possibly associated with the oxidative damage caused 
by heat stress.
	 Sperm concentration was not significantly affected (P>0.05) by the different levels 
of THI although there was a higher sperm concentration observed in Group 2 (197.90±0.01). 
This is in contrast with the results reported by Sharma et al. (2018). He mentioned that sperm 
concentration varied significantly among 3 groups of THI namely; Group 1<72; Group 2 
(72-78) and Group 3 (78-84). A significant decrease in sperm concentration was found at the

Figure 4. Sperm concentration of Bulgarian Murrah buffalo bulls in different seasons and 
	    THI groups (2017-2018).
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THI value of 78-84. Additionally, hot-dry or summer seasons where THI values are higher 
(THI 78-84) affect the various biophysical characteristics of semen in buffalo bulls. In the 
present study, the bulls were exposed to higher THI values for a long period, however, the 
sperm concentration was not affected (P>0.05). This means that the buffalo bulls can with-
stand the environmental condition with higher THI values prevailing in the area. Also, the 
sperm concentration varies widely, both in the ejaculates of some males and from animal to 
animal of the same species. Although the relationship between concentration and fertility 
is not necessarily high, the animals with low sperm count are questionable for their fertility 
(Capitan and Palad, 1999). 
	 In conclusion, mass activity and semen volume were influenced by the season while 
mass activity was significantly affected by different groups of THI. The changing seasons 
and different groups of THI did not seem to affect most of the semen parameters analyzed in 
this study. This indicates that the bulls tolerated the changes in the environmental condition 
in the area. Additionally, the management systems employed by the herd such as improved 
housing facilities, and provision of showers to the bulls during the warmest time of the day 
were effective in alleviating heat stress and helping the animals adapt to the warm environ-
ment.
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