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Abstract. Kaiin EM, Gunawan M, Maulana T. 2017. Morphometry and abnormality evaluation of sex-sorted sperm of spotted buffalo 

(Tedong bonga). Nusantara Bioscience 9: 175-180. This research aimed to determine the morphometry and the abnormality of the 

spotted buffallo (Tedong bonga) sperm after the separation of X and Y-chromosome-bearing sperms. Semen was collected from the 

spotted buffalo bull by using an artificial vagina.The semen quality was evaluated macro- and microscopically. Semen that met the 

required standard were subjected to separation by using Bovine Serum Albumin (BSA) 5% and 10% column method. The quality of 

sex-sorted sperm was evaluated microscopically, including motility, concentration, viability, abnormality and intact plasma membrane. 

Smear preparation using Eosin-Nigrosin dyes was made for sperm morphometry and abnormality evaluation.The evaluation of sperm 

morphometry and abnormality was conducted on 200 sperm cells for each observation and repeated in triplicates of observation, by 

using Axiovision Imager Z microscope at objective and ocular magnifications 40x and 10x, respectively.The morphological parameters 

observed were including the length and the width of head sperm and the head area of sperm X or Y. The abnormality parameter 

consisted of primary and secondary abnormalities. The data were analyzed descriptively. The results showed that the head size of the Y 

sperm of spotted buffalo (27.16 µm2) was smaller than that of the X sperm (29.86 µm2) with the abnormality of the Y sperm (7.85%) 

was also lower than that of the X sperm (9.7%). 
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INTRODUCTION 

Spotted buffalo (Tedong bonga) belong to swamp 

buffalo group (Bubalus bubalis) found only in Tana Toraja, 

South Sulawesi Province. Currently, its breeding becomes 

increasingly difficult since the superior spotted buffalo 

bulls are offered for Toraja traditional ritual, thus, the bull 

is exclusively kept, isolated and separated from the female 

buffalo. Hence, the spotted buffalo bull has a very high 

economic value. The challenging breeding of spotted 

buffalo is feared to potentially reduce population and 

quality of spotted buffalo in Tana Toraja. Buffalo has a low 

breeding efficiency (35-40%). It is due to delay in puberty 

both in male and female, difficulty in detecting estrus, and 

low pregnancy rate (Tappa 2006). Utilization of breeding 

biotechnology can be done to increase the reproductive 

efficiency in spotted buffalo. The application of sex-sorted 

sperm is expected to generate more spotted buffalo bulls as 

a supply for the traditional ritual in Tana Toraja. 

The sex of offspring in mammals, including in buffalo, 

is determined by the sex chromosome contained in the 

sperm that fertilizes the egg. As a result of reductive cell 

division during spermatogenesis, the sperm will contain 

only half of the DNA content of the somatic cell from the 

same species and generate either one of the sperm type, X 

sperm or Y sperm. Fertilizing an oocyte, an X sperm will 

form a female embryo, while a Y sperm will form a male 

embryo. The Y sperm possesses an SRY (sex-determining 

region Y) gene that functions in controlling the formation 

testes in male animals and the gene is not found in X sperm 

(Susilawati 2011). Macroscopic analysis indicated that the 

semen of spotted buffalo has a volume ranging between 

0.3-3.8 mL; white and creamy in color with a motility of 

68-79% (Battosamma 1985; Tappa 2006). Morphometry is 

a method to determine sperm size in farm animals and to 

identify X and Y sperm based on the size of sperm heads. 

In addition, morphometric analysis of sperm heads can be 

used as an indicator of in vitro fertility and in the 

determination of sperm fertility index (Padrik and Jaakma 

2002, Roy et al. 2008, Thompson et al. 1994). Sperm 

morphology evaluation is undertaken to determine 

normality and abnormality of sperm cells. The size and 

shape of spermatozoa are species-specific and different 

among animals such as cattle (Boersma 2001, Belleti et al. 

2005) and sheep (Gravance et al. 1998, Sancho et al. 1998) 

and such differences are controlled genetically. Maree et al. 

(2010) suggested that sperm morphology can be used to 

estimate sperm fertility. A normal sperm morphology can 

be used as an indicator for male fertility potency (Esteso et 

al. 2006). Carvalho et al. (2013) suggested that the 

measurement of sperm head shape and size in nanoscale 

can be developed into a sperm sexing method. 

Sperm abnormality is aberrations or defects occurred on 

sperms which can fall in either of two categories, primary 

or secondary abnormality. The primary abnormality occurs 

during spermatogenesis inside testis. Meanwhile, 

secondary abnormality occurs after spermiation (the release 

of sperms into the lumen of seminiferous tubules) (Perry 
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and Patterson 2011). Sperm abnormalities are consistently 

associated with male infertility and suggested to be 

transmitted genetically (Chenoweth 2005). According to 

Rehman et al. (2013), the increase in sperm abnormality in 

cattle can occur as a result of the conventional semen 

freezing process.  

The sperm sorting method by using 5% and 10% 

Bovine Serum Albumin (BSA) column have been widely 

applied to both dairy and beef cattle (Cain et al. 2013). 

Application of BSA-column-sorted sperms on buffalo has 

never been done before. To increase the yield of artificial 

insemination using sex-sorted sperm in spotted buffalo 

bull, microscopic evaluations are required in advance. This 

study aimed to evaluate morphometry and abnormalities of 

the sex-sorted sperms of spotted buffalo bulls. 

MATERIALS AND METHODS 

Semen samples were collected from two spotted buffalo 

bulls in the Regional Artificial Insemination Center of 

(Balai Inseminasi Buatan Daerah, BIBD) Puca, South 

Sulawesi. Semen collection was done by using an artificial 

vagina. The collected semen was then immediately brought 

to the laboratory to be analyzed according to Indonesian 

National Standard (SNI) procedure for the production of 

frozen buffalo bull semen. Evaluation of sperm quality was 

analyzed macro- and microscopically in BIBD Puca 

laboratory. Collected semen that meets the standard criteria 

for fresh semen then underwent sexing by using 5% and 

10% BSA column method. Semen containing 300 million 

cells was incubated for one hour in 5% and 10% BSA 

column at 37,5oC. Thereafter, each sperm fraction was 

collected and transferred into 15 mL centrifuge tube and 

added with Brackett-Oliphant (BO) medium. The tube was 

then centrifuged at 1800 rpm for 10 minutes, at 26-27oC. 

The 5% column fraction was predicted as X sperm fraction 

and 10% column fraction as Y sperm (Kaiin et al. 2005, 

2013). 

The quality of both X and Y-sorted sperm was then 

observed, in term of its motility, concentration, viability, 

abnormality and its plasma membrane integrity. Sperm 

specimen preparation for morphometry and abnormality 

observations was done by using Eosin-Nigrosin staining 

(Barth and Oko 1989). 25 µl semen was pipetted onto a 

slide glass and then added with 50 µl staining solution. The 

sperm smear was then fixed by flaming the slide glass on a 

Bunsen burner and after that, the glass was air-dried. The 

analysis of plasma membrane integrity was done by adding 

100 µl of sperm sample into 1 mL of 150 mOsm/kg 

hypoosmotic solution (0.735 g sodium citrate and 1.351 g 

fructose in 1 in 100 mL double-distilled water). The sperm 

was then incubated for 60 minutes at 37oC. Sperm cells 

with an intact plasma membrane are indicated with curled 

tail, whilst the defect or dead sperm are marked by a 

straight tail.  

Microscopic observation was carried out under 

Olympus CX23 microscope with objective and ocular 

magnifications of 40x and 10x, respectively. The number 

of samples for every observation replicate was 200 sperm 

cells, for both X and Y sperms. Observations were done in 

3 replicates. Observation of sperm morphometry and 

abnormality were performed in the Laboratory of Animal 

Reproduction, Breeding, and Cell Culture, Research Center 

for Biotechnology, Indonesian Institute of Sciences (LIPI), 

Cibinong, Bogor, West Java, Indonesia. Observation of 

sperm specimen was carried out under fluorescent 

microscope Imager Z with an objective and ocular 

magnification of 40x and 10x, respectively. Sperm head 

dimension analysis, including measurement of sperm head 

length, width, and the area was done using Axiovision Rel. 

4.8 application (Maulana et al. 2014), meanwhile sperm 

abnormality analysis includes sperm head, stem, and tail 

abnormalities observations. Sperm head abnormalities 

consist of a pear-shaped head, microcephalus, and detached 

sperm head. Sperm body abnormalities include abaxial, 

proximal droplet, and sperm body defect. Tail 

abnormalities include folded tail and a distal droplet (Sousa 

et al. 2013). The observation was done in triplicate of 200 

sperm cells. Data of sperm quality evaluation was 

expressed as mean values and analyzed descriptively. 

RESULTS AND DISCUSSION 

Macro- and microscopic evaluation results of the 

spotted buffalo bull semen were shown in Table 1. 

According to the evaluation result in Table 1, it was known 

that the quality of spotted buffalo semen in BIBD Puca met 

the standard for sperm sexing. This result was in agreement 

with the result obtained by Battosamma (1985) which 

stated that the amount of semen from spotted buffalo bulls 

ranged between 0.3-3.8 mL with an average volume of 

1.7±0.8 mL, creamy and white in color which indicate the 

semen was in normal and healthy conditions; a sperm 

concentration of 1.2 x 109cell/mL, and an average motility 

rate of 74%. Tappa et al. (2006) have reported a similar 

result, in which the semen volume ranged between 0.5-2 

mL with an average volume of 1.71x109 cells/mL, an 

average motility rate of 74.5%, and a mass movement of +2 

to +3. 

The microscopic evaluation result of the sex-sorted 

sperm (X and Y sperm) of the spotted buffalo bull was 

shown in Table 2. The result indicated that X and Y sperm 

possess a similar motility of about 50%. The reduced 

motility of fresh sperm probably occurred during sperm 

sexing, in which the sperm undergo a more time-

consuming process, starting from the separation in BSA 

columns up to the sperm washing, compared with those 

without sorting procedure. This result was similar to that of 

cattle sperm. Despite the reduced motility, it is still suitable 

for further freezing/frozen sperm straw production (Kaiin 

et al. 2013). The X sperm concentration was 1.29 x 109 

cells/mL, far higher than the Y sperm concentration of 

0.81x109 cells/mL. This difference occurred because the 

amount of Y sperm went through the 10% BSA column for 

a certain period was less than the amount of X sperm 

penetrating the 5% BSA column. The smaller and lighter Y 

sperm head made the Y sperm movement much faster than 

that of X sperm (Susilawati 2011). The viability of the X 



KAIIN et al. – Morphometry and abnormality of Tedong bonga sperm 

 

177 

sperm was 79.6%, and that of the Y sperm was 82.66 %. 

Meanwhile, the abnormality of the X and Y sperm were 

9.70% and 7.85%, respectively. The sperm abnormality 

below 15-20% meant that the bull from which the sperm 

was collected and sorted had a good fertility. The increase 

in the viability and plasma membrane integrity of the sex-

sorted sperm compared with that of the collected sperm 

(Table 1), is suspected to be caused by the filtering of dead 

and non-motile sperm allowing only motile sperm to pass 

through the BSA column.  

Battosamma (1985) reported the sperm quality of 

spotted buffalo from Tana Toraja, South Sulawesi, in 

which, the sperm concentration ranged from 0.6x109 to 

1.0x109 cells/mL with an average of 800 million sperm 

cells/mL and a percentage of viable sperm of 48-80%. In 

this study, we found that the sperm motility was at 75%, 

the sperm concentration was 1.79x109 cells/mL with a 

percentage of abnormality of 17.0% (Table 2). These 

results were similar to the quality of fresh sperm collected 

from spotted buffalo bull from Tana Toraja, South 

Sulawesi using an artificial vagina conducted previously by 

Battosamma (1985), in which the sperm had a motility rate 

of 74%; a concentration ranging from 0.2x109 to 2.5x109 

cells/mL; and an abnormality of 10-20% with an average of 

15.06%. The X sperm with an intact plasma membrane was 

as much as 77.29%, while the Y-sperm was 76.30%, 

indicating that the plasma membrane integrity of the sperm 

of spotted buffalo was fairly high. Plasma membrane 

integrity of sperm is correlated with the motility and 

viability of the sperm. According to Susilawati (2011), if a 

sperm with an intact membrane is placed on a hypo-

osmotic medium, it will increase the water content in its 

cytoplasm to keep the balance of the solutions inside and 

outside the cell, thereby causing the sperm tail to curl, 

hence, indicating a motile sperm.  
 

Table 1. The quality of spotted buffalo’s semen in BIBD Puca, 

South Sulawesi, Indonesia 

 

Parameter Result 

Volume (mL) 4 

Color Cream 

pH 6-7 

Consistency Viscous 

Mass movement +2 

Motility (%) 75 

Concentration (cells/mL) 1.79x109 

Viability (%) 79.4 

Intact plasma membrane (%) 70.9 

Abnormality (%) 17.0 

 

 
Table 2. The quality of sex-sorted sperm of spotted buffalo in 

BIBD Puca, South Sulawesi, obtained by BSA column 

 

Parameter 
Sperm quality 

X sperm Y sperm 

Motility (%) 50 50 

Concentration (cell/mL) 1.29x109 0.81x109 

Viability (%) 79.6 82.66 

Abnormality (%) 9.7 7.85 

Intact plasma membrane (%) 77.29 76.3 

Morphometry observation of sex-sorted sperm of the 

spotted buffalo bull showed a difference between X and Y 

sperm. The X sperm had a bigger size (29.86 µm2) than 

that of the Y sperm (27.16 µm2) (Table 3). This result was 

in agreement with Susilawati et al. (2011) which stated that 

the X sperm was bigger than the Y sperm. In cattle, the 

average length of the sperm head was 8.75 µm. Meanwhile. 

its average width was 4.12 µm with a head area of 32.75 

µm (Susilawati et al 1999). X sperm contains more 

chromatin in its head than that of Y sperm, leading to a 

bigger head size in X sperm (Hafez and Hafez 2000).  

The result of the morphometry analysis of the sex-

sorted sperm of buffalo bull reported in this research was 

similar to the result of previous studies. Maulana et al. 

(2014) showed that the sperm of spotted buffalo bull 

obtained without semen sexing had a head length of 7.89 

µm; a head width of 4.45 µm; a head area of 29.57 µm2; 

and a tail length of 42.61 µm. A study by Roy (2014) 

reported that the sperm of Murrah buffalo and its crossing 

line, respectively, showed a head size of 7.59 µm and 9.18 

µm; a head width of 4.45 µm and 5.11 µm; and a head area 

of 24.41 µm2 and 30.76 µm2. Chantaraprateep and 

Bodhipaksha (1975) found that, in buffalo, the sperm head 

length and width were 9.0 µm and 6.3 µm, respectively; 

while in buffalo, the head length and width were 12.0 µm 

and 6.0 µm, respectively. According to Tappa et al. (2008), 

different animal exhibited different sperm head size. Tappa 

et al. (2008) found that the buffalo sperm had a head length 

of 8.33 µm and a head width of 4.32 µm; the cattle sperm 

had a head length of 7.01 µm and a head width of 4.32 µm; 

meanwhile the sheep had a head length of 8.94 µm and a 

head width of 4.59 µm. The morphometry analysis done by 

Tappa et al (2008) using a micrometer was different from 

the analysis done in this study which used Axiovision Rel 

4.8. application. Using a micrometer, Arifiantini et al 

(2011) obtained sperm morphometry measurement of the 

swamp buffalo with a head length of 6.24 µm and a head 

width of 3.31 µm.Varied observation results were probably 

due to the differences in measurement methods used. In 

addition, sperm size is also affected by the season at which 

the sperm was collected. In the summer, the length of the 

buffalo sperm head was 9.45 µm in dry condition and 8.52 

µm in humid air. In the winter, spring and autumn, sperm 

had a shorter head length ranging from 7.11 to 8.01 µm 

(Javed et al 1997). Other sperm head measurement 

conducted by Hameed et al (2016) on Nili-Ravi buffalo 

from Pakistan also gave rise to different measurements in 

different seasons and breeding locations. 

Garner (2006) stated that the area of the mammal’s 

sperm head measured using flow cytometer was 34.5 µm 

with a ratio of X and Y sperm DNA content of 3.8%. 

Tapaloaga and Tapaloaga (2015) stated that the average 

area of Buffalo bull sperm head was 24.35 µm2 and there 

was a size difference between sperm collected from the 

young and old bull. Thurston et al (2001) suggested there 

were differences in sperm shape and dimension among 

species as well as among individuals. Furthermore, the 

difference in measurement results can be due to the 

difference in the staining method applied that can alter the 

morphometry dimensions (Maree et al 2010). Staining 
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applied in a particular species may not be applicable in 

other species (Banaszewska et al 2015). 

The abnormality of sex-sorted sperm of the spotted 

buffalo bull was shown in Table 4. From this result, it was 

shown that the abnormality of the Y sperm was lower than 

that of the X sperm. Pear shaped sperm abnormality in Y 

sperm (2.85%) was lower than the that of X sperm 

(4.28%). Similarly, in the Y sperm, other form of 

abnormalities such as macrocephalus (0.71%), abnormal 

shape (3.21%), folded tail (7.85%), and body defect 

(1.78%) were lower than those in the X sperm, 0.77%, 

3.5%, 9.72%, and 2.72%, respectively. This was probably 

because the Y sperm has undergone a longer sorting 

process than the X sperm, consequently, more of the 

abnormal sperm cannot go through 10% BSA column. The 

most commonly occurring abnormality was the pear-

shaped head, a form of primary abnormality (Table 4) 

(Chenoweth 2005). 

The other most common found abnormality was a 

folded tail, which is a type of secondary abnormality, with 

a percentage 9.72% in the X sperm and 7.85% in the Y 

sperm. Arifiantini et al. (2011) discovered that the total 

abnormality found in the sperm of swamp buffalo was 

31.86%; while, the primary abnormality constitutes 9.93%  

Table 3. Morphometry of the X and Y sperm of spotted buffalo 

bull from BIBD Puca, South Sulawesi 

 

Parameter 
Morphometry 

X sperm Y sperm 

Head length (µm) 8.65±0.33 7.78±0.51 

Head width (µm) 4.31±0.28 4.14±0.19 

Area (µm2) 29.86±1.56 27.16±1.57 

 

 

 

Table 4. Primary and secondary abnormalities found in the sex-

sorted sperm of the spotted buffalo bull in BIBD Puca, South 

Sulawesi, Indonesia 

 

Parameter 

Sperm abnormality (%) 

X 

chromosome 

Y 

chromosome 

Pear-shape 

Macrocephalus 

Abnormal shape 

Detached head 

Abaxial 

Folded tail 

Sperm body deformity 

Proximal and distal droplet 

4.28 

0.77 

3.5 

2.72 

3.5 

9.72 

2.72 

1.94 

2.85 

0.71 

3.21 

2.85 

3.9 

7.85 

1.78 

2.1 

 

 

 

 

 

  

 
 

 

Figure 1. Abnormality morphology of sex-sorted sperm of the spotted buffalo bull. (A) Measurement of sorted spotted buffalo bull (B) 

Sperm morphology. a = normal sperm, b = macrocephalus, c = abnormally-shaped, d = pear-shaped, e = curled-tail, f = folded-neck, g = 

abaxial, h = proximal droplet, i = shrunk head.  

a b c 

d e f 

g h i 
A B 
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of the total sperm observed. Susilawati (2011) suggested 

that the cattle sperm abnormality of 20% could reduce 

sperm fertility. Similarly, in sheep, there was a positive 

correlation between the morphology and the motility of the 

ejaculated semen, indicating that sperm abnormality 

affected male fertility (Susilawati 2011). Arifiantini et al 

(2011) found that a pear-shaped head abnormality on 

Simmental cattle was as high as 2.9% and of Bali cattle 

was 0.9%; meanwhile, the macrocephalus abnormality was 

0.2%; and the abaxial defect was 0.1%. Sperm abnormality 

can be categorized into primary and secondary 

abnormalities. Primary abnormalities include pear-shaped 

head, macrocephalus, and a proximal droplet. Primary 

abnormalities were found in 10-15% of abnormal sperm 

population and these abnormalities confirmed to cause 

genetic infertility when found in every semen collection 

(Chenoweth 2005). 

Factors contributing to sperm abnormalities such as the 

frequency of weekly semen collection and the interval 

between each collection. In addition, inadequate feeding as 

well as stresses experienced by the animal caused by both 

environmental factors and pathogens, are among the factors 

that pose detrimental effects on spermatogenesis to 

spermiation (Chenoweth 2005). Susilawati (2011) found 

that the high-temperature stress exerts a damaging impact 

on the sperm the most. A prolonged high temperature and 

humidity exposure for more than 6 weeks can cause male 

sterility because of the high occurrence of abnormal sperms 

high even during the recovery period. During this study, 

the research location at BIBD Puca undergone a dry season 

and the animal experienced inadequate intake of green 

fodder. These conditions were expected to be the cause of 

the higher abnormality observed in this study compared 

with that obtained by Arifiantini et al (2011) on Simmental 

and Bali cattle.  

Based on the results of this research, it can be 

concluded that the morphometry of X and Y sperms from 

the spotted buffalo bull exhibits differences in the length, 

the width and the area of the sperm head. The Y sperm was 

smaller in size with a lower abnormality level compared 

with the X sperm. 
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