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ABSTRACT 

 

This study aimed to determine the effect of breed and season on the semen quality of AI bulls. The 

material used was n= 78,648 records of ejaculated semen from 85 Limousine and 88 Simmental bulls 

collected between period 2010 and 2020. Semen qualities evaluated in the study were: ejaculate vol-

ume (Vol), pH, individual sperm motility (ISM), sperm concentration (SC), and post-thawing motility 

(PTM). The data was analyzed by using a MIXED model with breeds and seasons as fixed effects and 

animals as random effects. The seasons were significant (p<0,05) on Vol, ISM, SC, and PTM, then the 

interaction between season and breed was affected on Vol, SC, and PTM. Simmental bulls generally 

showed better semen qualities than Limousine bulls. Further, the same result showed significant differ-

ences in each season. The Vol, ISM, SC, and PTM of Simmental were 6.48 ± 1.26, 64.22 ± 1.16, 1,108 

± 0.46, and 42.19 ± 0.38, respectively. The increase of Vol and SC in the humid season has not propor-

tionally affected ISM. 

Keywords: Ejaculate volume, Individual sperm motility, Mixed model, Post-thawing motility, 

Sperm concentration 

INTRODUCTION 

 

Artificial Insemination (AI) is the first gen-

eration of biotechnology that plays an important 

role in improving the genetic quality of livestock, 

especially cattle. AI can maximize the use of su-

perior bull and reduce the possibility of the 

spread of infectious reproductive diseases 

(Konenda et al., 2020). The success of artificial 

insemination depends on the semen quality, 

which has been affected by genetic and environ-

mental factors (Brito et al., 2002; Isnaini et al., 

2021). The quality of semen could be different 

between individuals as well as between breeds of 

bulls (Söderquist et al., 1991).  

Frozen semen of Limousine and Simmental 

Bull is the most widely used in Indonesia. In one 

year, more than three million doses of frozen se-

men were distributed throughout the regions in 

Indonesia. Currently, almost Limousine and Sim-

mental Bull used for the production of frozen 

semen are imported from a subtropical country. 

That can be the inhibiting factor for reproductive 

performance and impact the sustainability of fro-

zen semen production due to seasonal and climat-

ic differences between the origin. In temperate 
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regions, photoperiod (time interval between sun-

set and sunrise) is the most responsible factor 

affecting seasonal variation in semen quality 

(Snoj et al., 2013). While in the tropical region, 

since the photoperiod is almost similar through-

out the year, other factors such as temperature 

and relative humidity probably become contribu-

tors to the semen quality variation (Auvigne et 

al., 2010). 

 Many factors can affect semen quality. It 

becomes a challenge for artificial insemination 

centers to produce frozen semen in a sustainable 

manner with a sufficient amount to fulfill the 

national demand. Therefore, to answer these 

challenges this study aims to determine the effect 

of season, breed, and their interaction on the se-

men quality of AI Bulls. 

 

MATERIAL AND METHODS 

 

Data Collections 

Semen quality data of fresh and frozen se-

men (n= 78,648) was recorded from 173 bulls at 

Lembang artificial insemination center of Indo-

nesia. The collection periods were from 2010 to 

2020. The detail of the data used in the study is 

presented in Table 1. The seasonal data was car-

ried out from the Indonesian Agency for Meteor-

ological Climatological and Geophysics. The 

data consist of temperature, humidity, precipita-

tion, and sunshine duration. Seasonal data are 

presented in Table 2. Breeds categories were 

Limousine (n=37,901) and Simmental 

(n=40,747). Seasons were categorized based on 

the precipitation: dry season (rainfall <100 mm/

month; n=26,152 ejaculate); humid season 

(rainfall 100-200 mm/month; n=14,595 ejacu-

late) and rainy season (rainfall > 200; n=36,501 

ejaculate). Semen quality observed in this study 

were ejaculate volume of semen (Vol), pH, indi-

vidual sperm motility (ISM), sperm concentra-

tion (SC), and post-thawing motility (PTM). 

 

Data Analysis 

The data have been analyzed with the 

MIXED procedure of SAS On Demand for Aca-

demic (SAS, 2021). Breed, season, and their in-

teraction were designed as fixed effects and bull 

as a random effect. The linear mixed model was 

as follows: 

 

  +  

 

Tabel 1. The descriptive statistic of semen quality data used in the study  

Semen Quality n Mean Max Min SD 

Vol (ml) 78.648 6.47 20 0.25 2.12 

pH 78.648 6.58 9.63 3.3 0.18 

ISM (%) 78.648 64.2 90 5 14.39 

SC (x10
6
/ml) 78.648 1133.59 9 10 367.33 

PTM (%) 45.304 42 85 4 3.27 

Vol : volume; ISM: individual sperm motility; SC: sperm concentration; PTM: post thawing motility. 

 

 

 

 

 

 

 

 

Tabel 2. Season information during period 2010 to 2020 

Seasonal information 
Dry season 

(63 months) 

Humid Season  

(25 months) 

Rainy season  

(44 months) 

Rainfall (mm/month) <100 100-200 >200 

Relative temperature (°C) 23.73±0.13 23.55±0.08 21.72±0.11 

Relative humidity (%) 71.25±0.89 77.04±0.81 79.80±0.48 

Temperature-humidity index 71.25±0.89 72.28±0.15 70.93±0.14 

Sunsine duration (%) 72.37±2.16 60.32±2.08 51.95±1.03 
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where yijklm  is the observation of semen quality,  

Bi the ith fixed effect of breed, Sj the jth fixed 

effect of season, BSijk the kth effects of interac-

tions between ith of breed with jth effect of sea-

son, al is the random effect of animal, and eijklm 

the random residual of yijklm. Tukey-Kramer mul-

tiple comparisons were used with a significant 

level 5%. 

 

RESULTS AND DISCUSSION 

 

The analysis of variance showed that breed, 

season, and their interaction have significantly 

affected sperm quality except for pH. The result 

agreed with a previous study reported for cross-

bred (Karan Fries) bulls in India (Bhakat et al., 

2014).  pH was not affected by genetics and en-

vironment, it could be influenced by the protein 

involved in sperm. Kasimanickam et al. (2019) 

stated that sperm is a complex biological fluid 

containing proteins, amino acids, enzymes, fruc-

tose, lipids, major minerals, and other carbohy-

drates.  

The average of Simmental bulls was slight-

ly higher than that of Limousine bulls. Further, 

the same result showed significant differences in 

each season (Table 3). The opposite result by 

Isnaini et al. (2019) reported that Vol of Limou-

sine bulls was higher than Simmental bulls. Ge-

netic, environmental, and management previous-

ly reported affected Vol of bulls (Mathevon et 

al., 1998; Fuerst-Waltl et al., 2006). Both Si-

mental and Limousine Bulls indicated higher 

Vol (6.68 ± 2.09 and 6.77 ± 1.98, respectively) 

in the humid season than in other seasons. In 

contrast, Prastowo et al. (2019) reported that the 

season had not affected Vol of Bali bulls. Bulls 

produce a lot more Vol in the humid season 

could be due to heat stress. 

The  ISM average of Simental and Limou-

sine bulls was similar. Breed had not significant 

but season has statistically significant on ISM 

(Table 4). The result agreed with the previous 

studies stating that season significantly affects 

ISM of AI bulls (Ax et al., 2000; Brito et al., 

2002; Tiwari et al., 2012; Perumal et al., 2017; 

Konenda et al., 2020). The highest ISM 64.94 ± 

1.58 for Limousine and 64.49 ± 1.48 for Sim-

mental was shown in the rainy season. The re-

sults indicated even though the bulls produce 

more ejaculate volume in the humid season, the 

semen had not better ISM. Heat stress makes the 

ISM on the semen decrease significantly. Sperm 

kinematics, viability, acrosome integrity, and 

reactive oxygen species were affected by season 

(Sabes-Alsina et al., 2019; Morrell, 2020). In the 

subtropical condition, ISM of semen collected in 

winter or springs had better membrane integrity 

(Valeanu et al., 2015). Heat stress reduces motil-

ity through the mechanism of increasing gene 

expression from heat shock protein (HSP) 

(Cheng et al.. 2016). Increasing temperature has 

an impact on the process of spermatogenesis.  

The SC was significantly affected by breed 

and season. Simmental bulls have higher SC than 

Limousine bulls all over the seasons. The results 

agreed with a previous study by Sumeidiana et 

al. (2007) reported the average SC was 1,788 and 

1,388 x106/ml, respectively for Simmental and 

Limousine bulls. Seasons significant effect on 

 

Table 3. Interaction between breed and season for ejaculation volume (mean ± SE) 

 

Season 
Breeds 

 Limousine Simmental 

Mean 6.48 ± 1.26 6.54 ± 1.42 

Dry 6.41 ± 2.17
ax

 6.44 ± 2.06
ay

 

Humid 6.68 ± 2.09
bx

 6.77 ± 1.98
by

 

Rainy 6.34 ± 2.17
ax

 6.41 ± 2.12
ay

 

a,bValues within a column without a common superscript are different (P < 0.05). 
 x,yValues within a row without a common superscript are different (P < 0.05). 
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SC with the lowest concentration found in the 

dry season and the highest concentration in the 

humid season (Table 5). The same results were 

for Limousine and Simmental bulls. In line with 

the studies reported the effect of season on SC in 

Limousine by Konenda et al. (2020), Ongole 

grade cattle by Suretno et al. (2018), and Isnaini 

et al. (2019) Simmental by Nichi et al. (2006). 

The increase of SC in the humid season has been 

shown directly proportional to the increase of 

Vol. 

The last evaluation on sperm quality is 

PTM, PTM was also affected by breed and sea-

son. The PTM of Simmental was higher than that 

of Limousine. The highest PTM was shown in 

the humid season for both breeds (Table 6). Mur-

phy et al. (2018) reported that PTM of Holstein 

Friesian was higher in winter. The result of the 

study could be due to the difference in freezer-

thawing protocols among seasons. 

 

CONCLUSION 

 

Breeds and seasons have shown favorable 

interaction affected sperm quality. The increase 

in volume and concentration have not proportion-

Table 4. Interaction between breed and season for individual sperm motility (mean ± SE) 

Season Breeds 

Limousine Simmental 

Mean              64.22 ± 1.16              63.54 ± 1.02 

Dry 64.04 ± 1.42
a
 63.74 ± 1.12

a
 

Humid 63.69 ± 1.67
a
 63.43 ± 1.04

a
 

Rainy 64.94 ± 1.58
b
 64.49 ± 1.48

b
 

a,bValues within a column without a common superscript are different (P < 0.05). 
 x,yValues within a row without a common superscript are different (P < 0.05). 

  

a,bValues within a column without a common superscript are different (P < 0.05). 
 x,yValues within a row without a common superscript are different (P < 0.05). 

Table 5. Interaction between breed and season for sperm concentration (mean ± SE) 

Season Breed 

 Limousine Simmental 

Mean 1,108 ± 0.46 1,152.28 ± 0.51 

Dry 1,088.24 ± 0.52
ax

 1,127.55 ± 0.65
ay

 

Humid 1,126.55 ± 0.52
cx

 1,177.54 ± 0.54
cy

 

Rainy 1,110.92 ± 0.64
bx

 1,151.75 ± 0.69
by

 

Table 6. Interaction between breed and season for post-thawing motility (mean ± SE) 

Season Breed 

Limousine Simmental 

Mean 42.19 ± 0.38 41.89 ± 0.25 

Dry 42.13 ± 0.44
ay

 41.84 ± 0.37
ax

 

Humid 42.32 ± 0.36
by

 42.12 ± 0.32
bx

 

Rainy 42.12 ± 0.46
ay

 41.71 ± 0.33
ax

 
a,bValues within a column without a common superscript are different (P < 0.05). 
 x,yValues within a row without a common superscript are different (P < 0.05). 
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ally affected to individual sperm motility. Need a 

focused study about the effect freezer-thawing 

process on post-thawing motility. 

 

ACKNOWLEDGMENTS 

 

The authors thank Lembang Artificial In-

semination Center for supporting data. 

 

REFERENCES 

 

Auvigne, V., P. Leneveu, C. Jehannin, O. Pel-

toniemi and E. Sallé. 2010. Seasonal infer-

tility in sows: a five year field study to ana-

lyze the relative roles of heat stress and pho-

toperiod. Theriogenology. 74(1):60-66. 

Ax R.L., M. Dally, B.A. Didion, R.W. Lens, 

C.C. Love, D.D. Varner, B. Hafez and M.E. 

Bellin. 2000. Reproduction in farm animal 

7th edition, chapter 25. Wiley-Blackwell. 

Bhakat, M., T.K. Mohanty, A.K. Gupta and M. 

Abdullah. 2014. Effect of season on semen 

quality of crossbred (Karan Fries) bulls. 

Adv. Anim. Vet. Sci. 2(11):632-637. 

Brito, L.F.C., A.E.D.F. Silva, L.H. Rodrigues, 

F.V. Vieira, L.A.G. Deragon and J.P. 

Kastelic. 2002. Effect of age and genetic 

group on characteristics of the scortum, tes-

tes and testicular vascular cones, and on 

sperm production and semen quality in AI 

bulls in Brazil. Theriogenology. 58:1175-

1186. 

Cheng, Y., S. Liu, Y. Zhang, Z. Ying, S. Dan, 

W. Gang, L. Chen, Z. Yu, Y. Hao, H. Lini-

lin and Z. JiaBao. 2016. The effect of heat 

stress on bull sperm quality and related 

HSPs expression. Anim. Biol. 66:321–333.  

Fuerst-Waltl, B., H. Schwarzenbacher, C. Perner 

and J. Sölkner. 2006. Effects of age and en-

vironmental factors on semen production 

and semen quality of Austrian Simmental 

bulls. Anim. Reprod. Sci. 95(1-2): 27-37. 

Isnaini, N., S. Wahjuningsih and E. Adhitama. 

2019. Seasonal effects on semen quality of 

Ongole crossbred and Simmental bulls used 

for artificial insemination. Livest. Res. Ru-

ral Dev. 31(2):16. 

Isnaini, N., T. Harsi., A.D. Lapoliwa, M.M. 

Chabiburochman and A.D Amarsyah. 2021. 

Seasonal variation in semen quality of 

pasundan bulls in their native tropical envi-

rontment. Am. J. Anim.Vet. Sci. 16 (2):124-

129. 

Kasimanickam, R.K., V.R. Kasimanickam, A. 

Arangasamy and J.P. Kastelic. 2019. Sperm 

and seminal plasma proteomics of high-

versus low-fertility Holstein bulls. Theri-

ogenology. 126:41-48. 

Konenda, M.T.K., Y.S. Ondho, D. Samsudewa, 

E. Herwijanti, A. Amaliya and I.A. Se-

tiawan. 2020. Seasonal variation and age-

related changes in semen quality of Limou-

sine bull in Indonesian artificial insemina-

tion center. Int. J. Vet. Sci. 9(4):553-557. 

Mathevon, M., M.M. Buhr and J.C.M. Dekkers. 

1998. Environmental, management, and ge-

netic factors affecting semen production in 

Holstein bulls. J. Dairy Sci. 81(12):3321-

3330. 

Morrell, J.M. 2020. Heat stress and bull fertili-

ty. Theriogenology 153:62-67. 

Murphy, E.M., A.K. Kelly, C. O’Meara, B. Eiv-

ers, P. Lonergan and S. Fair. 2018. Influence 

of bull age, ejaculate number, and season of 

collection on semen production and sperm 

motility parameters in Holstein Friesian 

bulls in a commercial artificial insemination 

centre. J. Anim. Sci. 96(6):2408-2418. 

Nichi, M., P.E.J. Bols, R.M. Züge, V.H. Barnabe, 

I.G.F. Goovaerts, R.C. Barnabe and C.N.M. 

Cortada. 2006. Seasonal variation in semen 

quality in Bos indicus and Bos taurus bulls 

raised under tropical conditions. Theri-

ogenology. 66(4):822-828. 

Prastowo, S., N. Widyas, A. Ratriyanto, M.S.T. 

Kusuma, P. Dharmawan, I.A. Setiawan, A. 

Bachtiar. 2019. Individual variance compo-

nent of fresh semen quality in Bali cattle 

(Bos javanicus) bull. IOP Conf. Ser.: Earth 

Environ. Sci. 372:1-7. 

Perumal, P., N. Savino, C.T.R. Sangma, M.H. 

Khan, E. Ezung, S. Chang and T.Z.T. Sang-

tam. 2017. Seasonal effect on physiological. 

reproductive and fertility profiles in breed-



 

 

                                                               

Semen Quality of Bulls at Different Seasons (F.R. Hapsari et al.)  345 

ing mithun bulls. Asian Pac. J. Reprod. 6

(6):268. 

Sabés-Alsina, M., N. Lundeheim, A. Johannis-

son, M. López-Béjar and J.M. Morrell. 

(2019). Relationships between climate and 

sperm quality in dairy bull semen: A retro-

spective analysis. J. Dairy Sci.102(6):5623-

5633. 

Snoj, T., S. Kobal and G. Majdic. 2013. Effects 

of season. age and breed on semen charac-

teristics in different Bos taurus breeds in a 

31-year retrospective study. Theriogenolo-

gy. 79(5):847-852. 

Söderquist,  L.,  L. Janson, K. Larssona and S. 

Einarsson. 1991. Sperm morphology and 

fertility in AI bulls. J. Vet. Med. 38:534-

543. 

Sumeidiana, I., S. Wuwuh and E. Mawarti. 2007. 

Semen volume and sperm concentration of 

Simmental, Limousine and Brahman cattles 

in Ungaran of Artificial Insemination Cen-

ter. J. Indonesian Trop. Anim. Agric. 32

(2):131-137. 

Suretno, N.D., I. Supriyatna, B. Purwanto and R. 

Priyanto. 2018. Reproductive performance 

of peranakan ongole (PO) bull at different 

altitudes areas in Lampung province. IOP 

Conf. Ser.: Earth Environ. Sci. 102 (1): 

012020  

Tiwari, R., G.K. Mishra, R.B. Singh, S.U. 

Rehman, K.S. Rathora, S.K. Saxena and 

M.U. Siddiqui. 2012. Seasonal variations in 

the quality and freezability of Red Sindhi 

bull semen. Indian J. Anim. Sci. 82

(11):1344-1346. 

Valeanu, S., A. Johannisson, N. Lundeheim and 

J.M. Morrell. 2015. Seasonal variation in 

sperm quality parameters in Swedish red 

dairy bulls used for artificial insemina-

tion. Livest. Sci. 173:111-118. 


