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Abstract 

Background and Aim:To enhance the reproductive potential and increase productivity 

and population of cows, spermatozoa sex-sorting technology is required. This study 

aimed to examine the effect of sexingsperm, separated using a bovine serum albumin 
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(BSA) column with varying incubation durations and centrifugation methods, for 

successful artificial insemination. 

Materials and Methods:Six Simental bulls and 30female cows (n=30) as the recipient 

were selected for this the study at BalaiPembibitaanHijauanPakanTernakSembawa 

Indonesia. The study parameters included sperm motility, viability, plasma membrane 

integrity, and conception rate (CR). The experiment was divided into three protocols to 

find out differences in some parameters: (1) Bovine serum albumin incubation time 

effect (P) with P1(40 min), P2(50 min), and P3(60 min);(2) freezing time effect with 

before freezing and after thawing treatments; and (3) CR determined by measuring the 

proportion of pregnant cows following insemination with non-sexed, X-bearing, and Y-

bearing sperms without centrifugation (n=15) (A0, A1, and A2) and with centrifugation 

(n=15) (B0, B1, and B2) in the acquired data, which were counted using the Statistical 

Package for the Social Sciencesversion 21 program. Analysis of variance was utilized to 

evaluate all treatments at various levels. 

Results:The results demonstrated that centrifugation time influenced all sperm quality 

metrics for sperm containing X and Y (p<0.05). The non-return rate (NRR) of non-
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sexed frozen semen, both centrifuged (A0) and not centrifuged (B0), was more 

significant than frozen semen produced by sexing X and Y spermatozoa. The NRR 

indicated a value of 80% based on the number of lactating cows.  

Conclusion: Bovine serum albumin incubation and centrifugation protocols influenced 

and decreased all sperm quality indicators throughout the sexing procedure and could 

stillbe used as a sexing protocol. Furthermore, regarding NRR and service per 

conception, non-sexual treatment is superior to sexing treatment. 

Keywords:bovine serum albumin, centrifugated, conception rate, incubation, sexing, 

sperm. 

<H1>Introduction 

Progeny selection of a particular sex is one of the most effective methods for increasing 

the genetic advancement and profitability of cattle farms [1]. Bull calves are preferred 

for meat production, while cow calves are preferred by the dairy industry[2], and sexed 

semen is crucial for producing offspring of the desired gender[3,4]. Therefore, the 

gender balance of offspring arising from natural mating (chance of male calves is fixed 

at a ratio of 51:49, which is one of the few genetic features that breeding programs 
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cannot effectively control or change) or artificial breeding programs can be genetically 

controlled [5]. 

The presence of either X- or Y-chromosome-bearing sperm in the sexed semen enabled 

the creation of offspring of the selected sex [6]. Various approaches have been used, 

such as flow cytometry, albumin sedimentation, and Percoll density-gradient 

centrifugation, to differentiate chromosome X sperm and Y sperm based on their DNA 

content differential ranges (3.7%–4.2%), depending on the breed [7]. One the simple 

and many used methodswas the bovine serum albumin (BSA) gradient method. This 

method does not damage the acrosomal integrity of sperm or sexed sperm yield, whichis 

one of the reasons why it is preferred. Bovine serum albumin column methods have a 

conception rate (CR) similar to that of conventional semen of more than 85% [8] or use 

egg white albumin [9]. This technique is expected to prevent a decline in the quality of 

spermatozoa after the sexing process, because the BSA gradient method does not 

excessively manipulate spermatozoa [10]. 

Although sexing spermis one of the most intensively researched technologies and 

significant progress has been achieved in optimizing it over the past three decades, CR 
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when employing sex-sorted sperm isstill below expectations. Furthermore, proving the 

success of the conclusions of this study in practical applications is rare.  

This study animed to verify the spermatozoa carrying the X and Y chromosomes that 

have been separated using a 5%–10% concentration BSA column at various incubation 

times and the effect of the centrifugation process on the quality of the semen also 

produced to calculate the percentage success in the field of male and female births using 

the artificial insemination method affected by previous treatment. 

<H1>Materials and Methods 

<H2>Ethical approval 

All animal procedures were performed according to the guidelines for the care and use 

of experimental animals of the National Research and Innovation Agency (BRIN) 

Indonesia with the number 065/KE.02/SK/2022. 

<H2>Study period and location 

??? 

<H2>Semen sample collection 

At the BalaiPembibitaanHijauanPakanTernak (BPHPT) in Sembawa, Banyuasin, South 
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Sumatra, Indonesia, samples of sperm from six domesticated Simental bulls aged 4–5 

years (measured 380–450 kg BW) were collected and stored separately. The bulls were 

fed with a combination of forages (10% BW) and concentrate (1% BW) twice per day, 

water provided as ad libitum. All bull in this research as the hustler in BPHPT and as 

the semen producer/donor in Sumatera area. Laboratory for Animal Reproduction and 

Health of BPHPT Sembawa Indonesia has also enacted laws and regulations governing 

animal experimentation. Samples of sperm were obtained using an artificial vagina 

collection. The only good quality of sperm samples used in the experiment which had a 

sperm concentration >800 × 106 cells/mL and total motility of <60%. 

<H2>Sexing sperm using BSA column 

Four-cylinder tubes were used to prepare BSA column, which was then inflated to the 

bottom with a 10% concentration and the top with a 5% concentration. Each container 

was kept at 37°C and 27°C. Then, fresh sperm was diluted with tris egg yolk medium;1 

mL sample was placed in a tube containing 5% and 10% BSA columns, according to 

the treatment. The final sperm concentration was 200 million/mL. After 30 min, each 

tube of sperm was placed in a tube rack and stored in a water bath at 37°C and laminar 
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cabinets at room temperature (27°C). 

Each BSA column was divided into three groups, and each sample was incubated for 

40, 50, and 60 min (P1, P2, and P3). It was projected that the upper BSA column with 

a concentration of 5% would contain X-chromosome sperm, and the lower column 

with a concentration of 10% would contain Y-chromosome sperm. Diluted sperm was 

packaged in a mini straw and equilibrated at 5°C for 4 h in the refrigerator. Then some 

straws were frozen in a box containing liquid nitrogen for 10–15 min before being 

stored in a nitrogen container. The others would direct sperm quality testing. 

<H2>Parameters sperm quality 

The study’s parameters were sperm motility, viability, intact plasma membrane, and 

CR. The study was divided into three groups: Bovine serum albumin incubation time 

(P) with P1(40'), P2(50'), and P3(60') min incubation in BSA, and freezing time with 

before freezing (BF) and after thawing (AT) treatments. The data obtained in this 

study, such as motility, viability, abnormalities, intact plasma membrane, and 

conception rate, were tallied in the Statistical Package for the Social Sciencesversion 

21 application. An analysis of variance was used to examine all treatments at various 
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treatments. 

<H2>Semen evaluation 

The data observed were concentration, motility, viability abnormalities, and plasma 

membrane integrity/HOST of spermatozoa before and after freezing. The sperm 

motility was followed by putting and homogenizing 10 μL of diluent mixed with NaCl 

(1:4) and then placing it on the microscope (Olympus CH 20). Slide viewed was taken 

at ten fields with a magnification of 100 × 400; scores were given in the range 0–100% 

with a 5% scale. The eosin staining procedure was used for sperm viability. A total of 

200 spermatozoa were counted per sample using a light microscope (Olympus CH 20) 

to differentiate the reacted and non-reacted spermatozoa. The dead sperm with 

damaged acrosomes emitted a robust red color, whereas non-reacted with live sperm 

emitted light pink or no shade. Based on the coiled and swelled tails, the hypo-osmotic 

swelling test was utilized to determine the functional integrity of the sperm membrane. 

This was accomplished by incubating 0.1 mL of sperm with 1 mL of a 150 M hypo-

osmotic solution at 37°C for 30m. After incubation, 0.2 mL of the solution was 

distributed on a warm microscope slide using a cover slip. One thousand times 
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magnification was used to examine 200 spermatozoa under bright-field microscopy. 

Recorded were spermatozoa with inflated or curled tails [11]. 

<H2>Non-return rate (NRR) 

CR was obtained by calculating the percentage of pregnant cows after insemination 

using non-sexed sperm, X-bearing sperm, and Y-bearing sperm without centrifugation 

(n=15) (A0, A1, and A2) and non-sexed sperm, X-bearing sperm, and Y-bearing sperm 

with centrifugation (n=15) (B0, B1, and B2) in the first insemination of the total 

number of cattle inseminated. The data collected were calculated using Fouzet al. 

(2011) formula, namely: 

 
 Pregnancies in the first AI

  100%
 Accepto

R %
rs

C  
Σ

Σ
 

Description: 

Ʃ Acceptors: Artificially inseminated cows 

Ʃ Pregnancies in the first AI: Total cows considered pregnant 

<H2>Service per conception (S/C) 

Service per conception was obtained by determining the number of straws used and the 

number of pregnant females. The data collected were calculated using Fouzet al., 2011 
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formula, namely: 

 Straw,  use
Service per

d 

 Pregna
conc

nt a
eption

cceptors


Σ

Σ
 

Description: 

Ʃ Pregnantacceptors: Total pregnant females 

Ʃ Straw used: The number of staws used until the cattle are pregnant 

<H1>Results and Discussion 

<H2>The sperm quality of fresh semen of Simmental Cattle 

The successful use of sexed sperm in bovines has been documented; the most common 

application of sexed sperm is for the sex preselection of bulls to achieve an adequate 

number of national beef cattle. Utilizing sexed sperm is an effective method for 

producing offspring of a particular gender [2, 12]. Several separation methods, such as 

the use of an albumin column with BSA, have been employed.Bovine serum albumin 

(serum albumin protein) protects sperm by protecting the plasma membrane from 

freeradical damage. An accurate combination of BSA concentrations maintains optimal 

sperm quality during sexing [13]. Table-1 shows that the average fresh semen for each 

cattle was 3.5 ± 0.707 mL, which is still in normal conditions (2–19 mL per ejaculation) 
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[14]. In addition, all parameters appeared normal, and fresh semen samples met the 

standard requirements for the semen sexing process in further experiments [3]. The 

motility of fresh semen to be processed into frozen semen should be at least 70% for a 

bull. If the motility is <70%, it can still be used if the recovery rate is at least 50% 

(BSN, 2017). Production of frozen sexed semen using 5% and 10% BSA columns can 

only be performed if the motility percentage value is 60% to anticipate a drastic 

decrease in sperm quality due to the incubation treatment for 40–60 min longer than the 

usual freezing process [8]. In addition, the sperm was 1750 ± 100 × 106 cells/mL. This 

concentration was considered typical. According to previous research, the standard 

concentration of bull sperm is 800–2000 × 106 cells/mL. This standard is consistent 

with our analysis; consequently, the sperm used in this study could be processed further 

[15]. 

<H2>Effect of BSA incubation time on sexing spermatozoa on motility and 

viability of spermatozoa X-Y Simmental cattle 

One of the sperm sexing methods is the BSA gradient method. This procedure is 

expected to prevent a deterioration in the quality of spermatozoa following sexing, as 
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the BSA gradient method is not thought to alter spermatozoa excessively. Spermatozoa 

sexing is often accomplished by separating the X and Y chromosomes based on 

differences in deoxyribonucleic acid (DNA) content, physical traits, macro proteins, and 

weight and motility of spermatozoa [10]. A previous study reported that 5% BSA had a 

pH of 7.43, density of 1.0547 g/mL, and viscosity of 0.8648 cP, whereas 10% BSA had 

a pH of 7.40, density of 1.0661 g/mL, and viscosity of 1.0378 cP. This characteristic of 

BSA is one of the reasons for sexing semen separation [3]. The neutral pH of BSA 

places the spermatozoa in a comfortable condition through the albumin column. This is 

because sperm do not change the internal pH. 

The quality of spermatozoa post-incubation on the BSA column is shown in Table-2 

and the next protocol was the freezing method. Based on the study data, the average BF 

or fresh semen quality of X and Y sperm was the highest (p<0.05) in P1 (40 min 

incubation time), with 80% and 85.3% in X sperm and 71.25% and 83.84% in Y sperm 

motility and viability, respectively, and the lowest values were found in P3 (60 min 

incubation time) (Table-2 and Figure-1). However, no significant effect of the BSA 

incubation time was observed after semen thawing. This result was similar to that of 
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BSA media sexing semen in local Indonesian rams [16], which also showed that 

incubation time significantly affects the viability of X and Y sperms. The longer the 

incubation period, the greater the accumulation of lactic acid from cell metabolic 

activities, which results in an acidic environment and the generation of reactive oxygen 

species that promote lipid peroxidation throughoxidation processes that bind to cell 

membranes. These conditions reduce sperm motility or viability [16]. 

Moreover, X sperms showed longer viability than Y sperms in long-term incubation. X-

sperm may save more energy (shown with lower motility in X sperm than Y sperm) 

while keeping the membrane more intact than Y sperm due to their wider heads and 

slower movement [17]. Ligand activation of toll-like receptors, 7/8 in X-encoded sperm, 

suppresses motility without affecting fertilization [18]. Other reasons described in the 

human sperm findings state that the viability of mammalian Y spermatozoa is lower 

than that of X spermatozoa due to the increased expression of apoptotic proteins in live 

Y cells [19]. In addition, we assumed that the greater the concentration of BSA, the 

greater isthe viscosity and density; therefore, Y spermsin the lower layer encountered 

greater friction. This frictional strain causes severe membrane damage to the bottom 
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layer of the sperm. 

Dueto the cryopreservation process, all parameters of sperm quality AT revealed a 

significant (p <0.05) reduction in motility and viability but not significant in each 

incubation time treatment.This is similar to a previous research that statedthat the 

freezing-thawing mechanism targets sperm DNA and protaminesolysis and leads to 

decreased quality parameters after the process[20]. According to a previous study, 

freeze-thaw cycles lead to increased DNA breakage. In this study, chromatin dispersion 

(the halo surrounding the nucleus) and theloss of protamine in the abnormal sperm cell 

population were indicative of DNA fragmentation (deprotamination). DNA 

fragmentation in the sperm cells is associated with elevated levels of deprotamination, 

which increases the risk of infertility [21]. The insufficient data on viability AT can also 

be attributed to the fact that this stage did not include a centrifugation treatment. In 

those samples, dead sperm cells were still counted in the viability calculation after the 

BSA treatment, which requires more than 30 min, because the purpose of centrifugation 

in sexing spermatozoa is to separate live and dead spermatozoa from other hazardous 

substances. The data found in the after-thawing condition were different from 
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thosebefore the freezing event; however, the differences were not significant, as longer 

incubation times resulted in higher viability, except for P3 in the Y chromosome-

bearing sperm. Incubation is an important stage in sperm cryopreservation, because it 

concentrates the live sperm population such that it can be rediluted with freezing 

extenders to prevent cell viability AT. 

<H2>Conception rates of Spermatozoa X-Y Simmental Cattle on BSA sexing 

media with or without centrifugation 

The conception rates after incubation on the BSA column with or without centrifugation 

are shown in Table-3. Based on the results of the study, theNRR values of frozen non-

sexed semen, both centrifuged (A0) and uncentrifuged (B0), were greater than those of 

frozen semen produced by sexing X and Y spermatozoa. Non-return rate(both A0 and 

B0) showed a value of 80%, with the number of female cows in heat again after AI 

being oneheat female.  

Non-return rate (A1) decreased to 40%, NRR3 from 60% for NRR1, and the number of 

female cowsheat again after AI being twoacceptors at the end of the examination. The 

NRR value for (A2) was 60%, with two female cows in heat again after AI being 
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twofemales. The NRR for (B1) decreased from 60% for NRR3 to 80% for NRR1, with 

the number of female cows in heat again after AI being the two acceptors at the end of 

the examination. The NRR value for (B2) was 40%, with three female cows in heat 

again after AI being threefemales. The NRR for A0 and A2 is in the excellent category 

(>50%), and the NRR for (A1) in this study is in the unsatisfactory category (<50%). 

Despite this, the NRR for B0 and B1 is in theexcellent category (>50%), and the NRR 

for (B2) in this study was in the unsatisfactory category (<50%). Meanwhile, a good 

NRR value is 79.53% [22]. The interesting data in this study was the sample which 

centrifuged had the higher NRR than the sample without centrifuged. We assumed that 

this was becausecentrifugation aids in the elimination of seminal plasma, concentrates 

spermatozoa for redilution using cryopreservation extenders, and improves the quality 

of the sperm itself. 

Based on the CR values, the AI results of AI using non-sexed semen were higher than 

those obtained using sexed semen. The CR values of non-sexed spermatozoa (A0), 

sexed X spermatozoa (A1), and sexed Y spermatozoa (A2) were 80%, 40%, and 60%, 

respectively, on un-centrifuged semen. Meanwhile, the CR values of non-sexed 
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spermatozoa (B0), sexed X spermatozoa (B1), and sexed Y spermatozoa (B2) were 80%, 

60%, and 40%, respectively, on centrifugated semen. In this study, the CR values of (A0 

and B0) and (A2 and B1) were better and in the excellent category than those of (A1 and 

B2), which were still considered unsatisfactory. Boroet al.[23] stated that the conception 

rate using sexing semen reached 45%. 

Meanwhile, the standard CR in cows is 60%–70%. The low CR value of sexed sperm 

results from their low motility of sexed sperm following the sexing procedure, and a 

time requirement of more than 30 min for sexed sperm has many adverse effects on 

sperm cells. Sexing techniques reduce sperm motility, viability, and fertilization 

capacity. This phenomenon is associated with the energy source in the head of sexed 

spermatozoa; consequently, during the separation or sexing process, many sexed 

spermatozoa die on the way, or the number of spermatozoa decreases because the 

separated spermatozoa undergo a treatment that requires a great deal of energy to 

maintain their physiological conditions [14]. 

The lowest S/C value was observed in the non-sexed treatment semen (A0 and B0), with 

1.25 still significantly lower than that of the sexed semen (Table-3). When the S/C ratio 
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was low, the fertility value of the female cows was high and when the S/C ratio was 

high, the fertility value of the female cows was low. As per a previous study, the normal 

range of S/C values is 1.6 and 2.0, where the S/C values for (A0 and B0) are in the 

outstanding category, even though the sex treatment was still in the normal 

category[22]. As evidenced by the NRR1 and NRR2 data, centrifugation was superior 

to non-centrifugation in the centrifuged sample compared to non-centrifuged selection. 

Moreover, additional research is required to determine the optimal spin effect (g force 

variable) and spin-time effect. 

Other data indicate that the X chromosome has higher parameters than sperm with high-

quality Y chromosomes, dueto the energy-saving factor during the separation process 

with BSA. Therefore, suggestions can be made regarding alternative media that can 

separate sperm more quickly in future research, as well as the insitu hybridization 

method, which will aid in sexing success.Furthermore, we suggest finding a 

preservation agent to prevent severe damage from using similar methods such as 

antioxidant agent in future research. 

<H1>Conclusion 
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Incubation time influenced all sperm quality parameters in the BSA method for sexing 

sperm. In terms of sperm quality, in general, the NRRand CR of frozen non-sexed 

sperm with the shortest incubation time (40 min) indicated superior sperm quality. The 

data also revealed that sperm containing an X chromosome and centrifuged semen 

performed better in terms of sperm quality measures and post-insemination data. 
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Tables 

 

 

Table-1: Macroscopic quality of Simmental bull fresh semen. 

Parameter Values 

Volume (mL) 3.5 ± 0.71 

Color Creamy 

Odor Typical 

Ph 6.85 ± 0.06 
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Consistency Medium 

Concentration (×106/mL) 1750 ± 100 

Motility mass ++ 

Motility 82.5 ± 5.00 

Viability 89.84±8.00 

++ (positive 2)=Thick mass waves but slow moving 

 

 

 

Table-2: Effect of time BSA incubation media on sexing semen procedure in motility 

and viability semen before and after freezing procedures. 

Paramete

r 

X-bearing sperm (BSA 5%) Y-bearing sperm (BSA 10%) 

P1 (40`) P2 (50`) P3 (60`) P1 (40`) P2 (50`) P3 (60`) 

Motility 

(%) 
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Bef

ore 

fre

ezi

ng 

80.00*aA

8.17 

77.5*bA5

.00 

70*cA14.

14 

71.25*aB

6.29 

68.75*bB

2.50 

62.5*cB1

4.72 

Aft

er 

tha

win

g  

56.25*A

2.5 

56.25*A1

1.09 

56.25*A1

1.91 

47.5*B1

1.90 

47.5*B1

0.40 

41.25*B

6.29 

Viability 

(%) 

      

Bef

ore 

fre

ezi

85.30*aA 

9.37 

80.40*bA 

6.81 

72.11*cA 

12.07 

83.84*aB

8.26 

78.82*bB

7.53 

69.61*cB

3.46 
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ng 

Aft

er 

tha

win

g  

56.33*A

6.18 

60.87*A9

.56 

61.42*A6

.91 

48.71*B

6.62 

55.18*B

4.38 

44.47*B

6.88 

*Total means with different superscripts within a row differs significantly (p<0.05), 

freezing treatment effect. abcTotalmeans with different superscripts within a column 

differs significantly (p<0.05), incubation time treatment effect. ABTotalmeans with 

different superscripts within a group column differs significantly (p<0.05), chromosome 

factor after the incubation. BSA=Bovine serum albumin 

 

 

Table-3: Effect time of centrifugation procedures after sperm separating using BSA 

procedure in conception rates parameters. 

Parameter Without centrifugated With centrifugated 8 min 
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Non-

sexed 

A0 

X-

bearing 

sperm 

N: 5 

A1 

Y-

bearing 

N: 5 

A2 

Non-

sexed 

B0 

X-

bearing 

sperm 

N: 5 

B1 

Y-

bearing 

N: 5 

B2 

NRR       

NRR 1 (30 

days)  

      

Non-

heat  

4 3 3 4 4 3 

% 

animals 

80 60 60 80 80 60 

NRR 2 (40 

days) 

      

Non- 4 2 3 4 3 3 
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heat 

% 

animals 

80 40 60 80 60 60 

NRR 3 (60 

days) 

      

Non-

heat 

4 2 3 4 3 2 

% 

animals 

80 40 60 80 60 40 

C/R       

Animals 4 2 3 4 3 2 

% 

animals 

80 40 60 80 60 40 

S/C 1.25 2.5 1.66 1.25 1.6 2 

S/C=Service per conception, C/R=Critically endangered, BSA=Bovine serum albumin, 
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NRR=Non-return rate 

 

 

Figure Legends 

 

 

Figure-1:Effect of time incubation of bovine serum albumin treatment on sperm 

motility and the effect of cryopreservation(before freezing [BF]). Mean sperm motility 

BF; and (after thawing [AT]) mean P/AI for each treatment within bull. Incubation 

time; 40, 50, and 60 min.Data reported as least square means ± standard deviation. 

(ABC) showed significantly differ (p <0.05) in the effect of incubation time, the data 
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showed time incubation affected to change the motility either in X or Y sperm 

chromosome except in AT condition. (AB) showed significantly differ (p <0.05) by 

sorting X and Y sperm chromosome in each treatment. **Showed significantly differ on 

cryopreservation treatment before and AT. 

 

 

Figure-2:Effect of time incubation of bovine serum albumin treatment on sperm 

viability and the effect of cryopreservation(before freezing [BT]). Mean sperm viability 

BT; and (after thawing [AT]) mean P/AI for each treatment within bull. Incubation 

time; 40, 50, and 60 min.Data reported as least square means ± standard deviation. 

(ABC) showed significantly differ (p <0.05) on the effect of incubation time, the data 
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showed time incubation affected to change the motility either in X or Y sperm 

chromosome except in AT condition. (AB) showed significantly differ (p <0.05) by 

sorting X and Y sperm chromosome in each treatment. **Showed significantly differ on 

cryopreservation treatment before and AT. 

 

(a)  

 



35 

 

 

(b)  

 

 

(c)  

 

Figure-3:Ultrasonography images monitoring pregnancy rate (Source: Personal 
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collection, 2022).(a) Day 6, (b) day 21, and (c) day 30. 
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(BSA) column with varying incubation durations and centrifugation methods, for 33 

successful artificial insemination. 34 

Materials and Methods:Six Simental bulls and 30female cows (n=30) as the recipient 35 

were selected for this the study at BalaiPembibitaanHijauanPakanTernakSembawa 36 

Indonesia. The study parameters included sperm motility, viability, plasma membrane 37 

integrity, and conception rate (CR). The experiment was divided into three protocols to 38 

find out differences in some parameters: (1) Bovine serum albumin(BSA) incubation 39 

time effect (P) with P1(40 min), P2(50 min), and P3(60 min);(2) freezing time effect 40 

with before freezing and after thawing treatments; and (3) CR determined by measuring 41 

the proportion of pregnant cows following insemination with non-sexed, X-bearing, and 42 

Y-bearing sperms without centrifugation (n=15) (A0, A1, and A2) and with 43 

centrifugation (n=15) (B0, B1, and B2) in the acquired data, which were counted using 44 

the Statistical Package for the Social Sciencesversion 21 program. Analysis of variance 45 

was utilized to evaluate all treatments at various levels. 46 

Results:The results demonstrated that centrifugation time influenced all sperm quality 47 

metrics for sperm containing X and Y (p<0.05). The non-return rate (NRR) of non-48 
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sexed frozen semen, both centrifuged (A0) and not centrifuged (B0), was more 49 

significant than frozen semen produced by sexing X and Y spermatozoa. The NRR 50 

indicated a value of 80% based on the number of lactating cows.  51 

Conclusion: Bovine serum albumin incubation and centrifugation protocols influenced 52 

and decreased all sperm quality indicators throughout the sexing procedure and could 53 

stillbe used as a sexing protocol. Furthermore, regarding NRR and service per 54 

conception, non-sexual treatment is superior to sexing treatment. 55 

Keywords:bovine serum albumin, centrifugated, conception rate, incubation, sexing, 56 

sperm. 57 

<H1>Introduction 58 

Progeny selection of a particular sex is one of the most effective methods for increasing 59 

the genetic advancement and profitability of cattle farms [1]. Bull calves are preferred 60 

for meat production, while cow calves are preferred by the dairy industry[2], and sexed 61 

semen is crucial for producing offspring of the desired gender[3,4]. Therefore, the 62 

gender balance of offspring arising from natural mating (chance of male calves is fixed 63 

at a ratio of 51:49, which is one of the few genetic features that breeding programs 64 
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cannot effectively control or change) or artificial breeding programs can be genetically 65 

controlled [5]. 66 

The presence of either X- or Y-chromosome-bearing sperm in the sexed semen enabled 67 

the creation of offspring of the selected sex [6]. Various approaches have been used, 68 

such as flow cytometry, albumin sedimentation, and Percoll density-gradient 69 

centrifugation, to differentiate chromosome X sperm and Y sperm based on their DNA 70 

content differential ranges (3.7%–4.2%), depending on the breed [7]. One the simple 71 

and many used methodswas the bovine serum albumin (BSA) gradient method. This 72 

method does not damage the acrosomal integrity of sperm or sexed sperm yield, whichis 73 

one of the reasons why it is preferred. Bovine serum albumin column methods have a 74 

conception rate (CR) similar to that of conventional semen of more than 85% [8] or use 75 

egg white albumin [9]. This technique is expected to prevent a decline in the quality of 76 

spermatozoa after the sexing process, because the BSA gradient method does not 77 

excessively manipulate spermatozoa [10]. 78 

Although sexing spermis one of the most intensively researched technologies and 79 

significant progress has been achieved in optimizing it over the past three decades, CR 80 
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when employing sex-sorted sperm isstill below expectations. Furthermore, proving the 81 

success of the conclusions of this study in practical applications is rare.  82 

This study aimed to verify the spermatozoa carrying the X and Y chromosomes that 83 

have been separated using a 5%–10% concentration BSA column at various incubation 84 

times and the effect of the centrifugation process on the quality of the semen also 85 

produced to calculate the percentage success in the field of male and female births using 86 

the artificial insemination method affected by previous treatment. 87 

<H1>Materials and Methods 88 

<H2>Ethical approval 89 

All animal procedures were performed according to the guidelines for the care and use 90 

of experimental animals of the National Research and Innovation Agency (BRIN) 91 

Indonesia with the number 065/KE.02/SK/2022. 92 

<H2>Study period and location 93 

The study was carried out from January - September 2022, At the 94 

BalaiPembibitaanHijauanPakanTernak (BPHPT) in Sembawa, Banyuasin, South 95 

Sumatra, Indonesia, 96 
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<H2>Semen sample collection 97 

Samples of sperm from six domesticated Simental bulls aged 4–5 years (measured 98 

380–450 kg BW) were collected and stored separately in refrigerator (4 C) without 99 

any diluent supplementation. The bulls were fed with a combination of forages (10% 100 

BW) and concentrate (1% BW) twice per day, water provided as ad libitum. All bull in 101 

this research as the hustler in BPHPT and as the semen producer/donor in Sumatera 102 

area. Laboratory for Animal Reproduction and Health of BPHPT Sembawa Indonesia 103 

has also enacted laws and regulations governing animal experimentation. Samples of 104 

sperm were obtained using an artificial vagina collection. The only good quality of 105 

sperm samples used in the experiment which had a sperm concentration >800 × 106 106 

cells/mL and total motility of <60%. 107 

<H2>Sexing sperm using BSA column 108 

Four-cylinder tubes were used to prepare BSA column, which was then inflated to the 109 

bottom with a 10% concentration and the top with a 5% concentration. Each container 110 

was kept at 37°C and 27°C. Then, fresh sperm was diluted with tris egg yolk medium;1 111 

mL sample was placed in a tube containing 5% and 10% BSA columns, according to 112 
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the treatment. The final sperm concentration was 200 million/mL. After 30 min, each 113 

tube of sperm was placed in a tube rack and stored in a water bath at 37°C and laminar 114 

cabinets at room temperature (27°C). 115 

Each BSA column was divided into three groups, and each sample was incubated for 116 

40, 50, and 60 min (P1, P2, and P3). It was projected that the upper BSA column with 117 

a concentration of 5% would contain X-chromosome sperm, and the lower column 118 

with a concentration of 10% would contain Y-chromosome sperm. Diluted sperm was 119 

packaged in a mini straw and equilibrated at 5°C for 4 h in the refrigerator. Then some 120 

straws were frozen in a box containing liquid nitrogen for 10–15 min before being 121 

stored in a nitrogen container. The others would direct sperm quality testing. 122 

<H2>Parameters sperm quality 123 

The study’s parameters were sperm motility, viability, intact plasma membrane, and 124 

CR. The study was divided into three groups: Bovine serum albumin incubation time 125 

(P) with P1(40'), P2(50'), and P3(60') min incubation in BSA, and freezing time with 126 

before freezing (BF) and after thawing (AT) treatments. The data obtained in this 127 

study, such as motility, viability, abnormalities, intact plasma membrane, and 128 
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conception rate, were tallied in the IBM SPSS Statistics for Macintosh, Version 21.0 129 

(IBM, Chicago). An analysis of variance was used to examine all treatments at various 130 

treatments. 131 

<H2>Semen evaluation 132 

The data observed were concentration, motility, viability abnormalities, and plasma 133 

membrane integrity/HOST of spermatozoa before and after freezing. The sperm 134 

motility was followed by putting and homogenizing 10 μLof diluent mixed with NaCl 135 

(1:4) and then placing it on the microscope (Olympus CH 20, Boston). Slide viewed 136 

was taken at ten fields with a magnification of 100 × 400; scores were given in the 137 

range 0–100% with a 5% scale. The eosin staining procedure was used for sperm 138 

viability. A total of 200 spermatozoa were counted per sample using a light microscope 139 

(Olympus CH 20) to differentiate the reacted and non-reacted spermatozoa. The dead 140 

sperm with damaged acrosomes emitted a robust red color, whereas non-reacted with 141 

live sperm emitted light pink or no shade. Based on the coiled and swelled tails, the 142 

hypo-osmotic swelling test was utilized to determine the functional integrity of the 143 

sperm membrane. This was accomplished by incubating 0.1 mL of sperm with 1 mL of 144 
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a 150 M hypo-osmotic solution at 37°C for 30m. After incubation, 0.2 mL of the 145 

solution was distributed on a warm microscope slide using a cover slip. One thousand 146 

times magnification was used to examine 200 spermatozoa under bright-field 147 

microscopy. Recorded were abnormality in sperm and had plasma membrane 148 

damagewould beinflated or had curled tails [11]. 149 

<H2>Non-return rate (NRR) 150 

Conception Rate (CR) was obtained to measure NRR by calculating the percentage of 151 

pregnant cows after insemination using non-sexed sperm, X-bearing sperm, and Y-152 

bearing sperm without centrifugation (n=15) (A0, A1, and A2) and non-sexed sperm, 153 

X-bearing sperm, and Y-bearing sperm with centrifugation (n=15) (B0, B1, and B2) in 154 

the first insemination of the total number of cattle inseminated. The data collected were 155 

calculated using Juliaet al.[12] formula, namely: 156 

 
 Pregnancies in the first AI

  100%
 Accepto

R %
rs

C  
Σ

Σ
 157 

Description: 158 

Ʃ Acceptors: Artificially inseminated cows 159 

Ʃ Pregnancies in the first AI: Total cows considered pregnant 160 
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<H2>Service per conception (S/C) 161 

Service per conception was obtained by determining the number of straws used and the 162 

number of pregnant females. The data collected were calculated using Juliaet 163 

al.[12]formula, namely: 164 

 Straw,  use
Service per

d 

 Pregna
conc

nt a
eption

cceptors


Σ

Σ
 165 

Description: 166 

Ʃ Pregnant acceptors: Total pregnant females 167 

Ʃ Straw used: The number of staws used until the cattle are pregnant 168 

<H1>Results and Discussion 169 

<H2>The sperm quality of fresh semen of Simmental Cattle 170 

The successful use of sexed sperm in bovines has been documented; the most common 171 

application of sexed sperm is for the sex preselection of bulls to achieve an adequate 172 

number of national beef cattle. Utilizing sexed sperm is an effective method for 173 

producing offspring of a particular gender [2, 12]. Several separation methods, such as 174 

the use of an albumin column with BSA, have been employed.Bovine serum albumin 175 

(serum albumin protein) protects sperm by protecting the plasma membrane from 176 
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freeradical damage. An accurate combination of BSA concentrations maintains optimal 177 

sperm quality during sexing [13]. Table-1 shows that the average fresh semen for each 178 

cattle was 3.5 ± 0.707 mL, which is still in normal conditions (2–19 mL per ejaculation) 179 

[14]. In addition, all parameters appeared normal, and fresh semen samples met the 180 

standard requirements for the semen sexing process in further experiments [3]. The 181 

motility of fresh semen to be processed into frozen semen should be at least 70% for a 182 

bull. If the motility is <70%, it can still be used if the recovery rate is at least 50% 183 

(BSN, 2017). Production of frozen sexed semen using 5% and 10% BSA columns can 184 

only be performed if the motility percentage value is 60% to anticipate a drastic 185 

decrease in sperm quality due to the incubation treatment for 40–60 min longer than the 186 

usual freezing process [8]. In addition, the sperm was 1750 ± 100 × 106 cells/mL. This 187 

concentration was considered typical. According to previous research, the standard 188 

concentration of bull sperm is 800–2000 × 106 cells/mL. This standard is consistent 189 

with our analysis; consequently, the sperm used in this study could be processed further 190 

[15]. 191 

<H2>Effect of BSA incubation time on sexing spermatozoa on motility and 192 
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viability of spermatozoa X-Y Simmental cattle 193 

One of the sperm sexing methods is the BSA gradient method. This procedure is 194 

expected to prevent a deterioration in the quality of spermatozoa following sexing, as 195 

the BSA gradient method is not thought to alter spermatozoa excessively. Spermatozoa 196 

sexing is often accomplished by separating the X and Y chromosomes based on 197 

differences in deoxyribonucleic acid (DNA) content, physical traits, macro proteins, and 198 

weight and motility of spermatozoa [10]. A previous study reported that 5% BSA had a 199 

pH of 7.43, density of 1.0547 g/mL, and viscosity of 0.8648 cP, whereas 10% BSA had 200 

a pH of 7.40, density of 1.0661 g/mL, and viscosity of 1.0378 cP. This characteristic of 201 

BSA is one of the reasons for sexing semen separation [3]. The neutral pH of BSA 202 

places the spermatozoa in a comfortable condition through the albumin column. This is 203 

because sperm do not change the internal pH. 204 

The quality of spermatozoa post-incubation on the BSA column is shown in Table-2 205 

and the next protocol was the freezing method. Based on the study data, the average BF 206 

or fresh semen quality of X and Y sperm was the highest (p<0.05) in P1 (40 min 207 

incubation time), with 80% and 85.3% in X sperm and 71.25% and 83.84% in Y sperm 208 
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motility and viability, respectively, and the lowest values were found in P3 (60 min 209 

incubation time) (Table-2,Figure-1 and 2). However, no significant effect of the BSA 210 

incubation time was observed after semen thawing. This result was similar to that of 211 

BSA media sexing semen in local Indonesian rams [16], which also showed that 212 

incubation time significantly affects the viability of X and Y sperms. The longer the 213 

incubation period, the greater the accumulation of lactic acid from cell metabolic 214 

activities, which results in an acidic environment and the generation of reactive oxygen 215 

species that promote lipid peroxidation throughoxidation processes that bind to cell 216 

membranes. These conditions reduce sperm motility or viability [16]. 217 

Moreover, X sperms showed longer viability than Y sperms in long-term incubation. X-218 

sperm may save more energy (shown with lower motility in X sperm than Y sperm) 219 

while keeping the membrane more intact than Y sperm due to their wider heads and 220 

slower movement [17]. Ligand activation of toll-like receptors, 7/8 in X-encoded sperm, 221 

suppresses motility without affecting fertilization [18]. Other reasons described in the 222 

human sperm findings state that the viability of mammalian Y spermatozoa is lower 223 

than that of X spermatozoa due to the increased expression of apoptotic proteins in live 224 
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Y cells [19]. In addition, we assumed that the greater the concentration of BSA, the 225 

greater isthe viscosity and density; therefore, Y spermsin the lower layer encountered 226 

greater friction. This frictional strain causes severe membrane damage to the bottom 227 

layer of the sperm. 228 

Dueto the cryopreservation process, all parameters of sperm quality AT revealed a 229 

significant (p <0.05) reduction in motility and viability but not significant in each 230 

incubation time treatment.This is similar to a previous research that statedthat the 231 

freezing-thawing mechanism targets sperm DNA and protaminesolysis and leads to 232 

decreased quality parameters after the process[20]. According to a previous study, 233 

freeze-thaw cycles lead to increased DNA breakage. In this study, chromatin dispersion 234 

(the halo surrounding the nucleus) and theloss of protamine in the abnormal sperm cell 235 

population were indicative of DNA fragmentation (deprotamination). DNA 236 

fragmentation in the sperm cells is associated with elevated levels of deprotamination, 237 

which increases the risk of infertility [21]. The insufficient data on viability AT can also 238 

be attributed to the fact that this stage did not include a centrifugation treatment. In 239 

those samples, dead sperm cells were still counted in the viability calculation after the 240 
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BSA treatment, which requires more than 30 min, because the purpose of centrifugation 241 

in sexing spermatozoa is to separate live and dead spermatozoa from other hazardous 242 

substances. The data found in the after-thawing condition were different from 243 

thosebefore the freezing event; however, the differences were not significant, as longer 244 

incubation times resulted in higher viability, except for P3 in the Y chromosome-245 

bearing sperm. Incubation is an important stage in sperm cryopreservation, because it 246 

concentrates the live sperm population such that it can be re-diluted with freezing 247 

extenders to prevent cell viability AT. 248 

<H2>Conception rates of Spermatozoa X-Y Simmental Cattle on BSA sexing 249 

media with or without centrifugation 250 

The conception rates after incubation on the BSA column with or without centrifugation 251 

are shown in Table-3. Based on the results of the study, theNRR values of frozen non-252 

sexed semen, both centrifuged (A0) and uncentrifuged (B0), were greater than those of 253 

frozen semen produced by sexing X and Y spermatozoa. Non-return rate(both A0 and 254 

B0) showed a value of 80%, with the number of female cows in heat again after AI 255 

being oneheat female.  256 
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Non-return rate (A1) decreased to 40%, NRR3 from 60% for NRR1, and the number of 257 

female cowsheat again after AI being twoacceptors at the end of the examination. The 258 

NRR value for (A2) was 60%, with two female cows in heat again after AI being 259 

twofemales. The NRR for (B1) decreased from 60% for NRR3 to 80% for NRR1, with 260 

the number of female cows in heat again after AI being the two acceptors at the end of 261 

the examination. The NRR value for (B2) was 40%, with three female cows in heat 262 

again after AI being threefemales. The NRR for A0 and A2 is in the excellent category 263 

(>50%), and the NRR for (A1) in this study is in the unsatisfactory category (<50%). 264 

Despite this, the NRR for B0 and B1 is in theexcellent category (>50%), and the NRR 265 

for (B2) in this study was in the unsatisfactory category (<50%). Meanwhile, a good 266 

NRR value is 79.53% [22]. The interesting data in this study was the sample which 267 

centrifuged had the higher NRR than the sample without centrifuged. We assumed that 268 

this was becausecentrifugation aids in the elimination of seminal plasma, concentrates 269 

spermatozoa for redilution using cryopreservation extenders, and improves the quality 270 

of the sperm itself. 271 

In this study, each day the animals will undergo ultrasound to monitor the condition of 272 
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the uterus and as an attempt to detect pregnancy, especially in early pregnancy which 273 

showed in Figure 3. Based on the CR values, the AI results of AI using non-sexed 274 

semen were higher than those obtained using sexed semen. The CR values of non-sexed 275 

spermatozoa (A0), sexed X spermatozoa (A1), and sexed Y spermatozoa (A2) were 80%, 276 

40%, and 60%, respectively, on un-centrifuged semen. Meanwhile, the CR values of 277 

non-sexed spermatozoa (B0), sexed X spermatozoa (B1), and sexed Y spermatozoa (B2) 278 

were 80%, 60%, and 40%, respectively, on centrifugated semen. In this study, the CR 279 

values of (A0 and B0) and (A2 and B1) were better and in the excellent category than 280 

those of (A1and B2), which were still considered unsatisfactory. Boroet al.[23] stated 281 

that the conception rate using sexing semen reached 45%. 282 

Meanwhile, the standard CR in cows is 60%–70%. The low CR value of sexed sperm 283 

results from their low motility of sexed sperm following the sexing procedure, and a 284 

time requirement of more than 30 min for sexed sperm has many adverse effects on 285 

sperm cells. Sexing techniques reduce sperm motility, viability, and fertilization 286 

capacity. This phenomenon is associated with the energy source in the head of sexed 287 

spermatozoa; consequently, during the separation or sexing process, many sexed 288 
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spermatozoa die on the way, or the number of spermatozoa decreases because the 289 

separated spermatozoa undergo a treatment that requires a great deal of energy to 290 

maintain their physiological conditions [14]. 291 

The lowest S/C value was observed in the non-sexed treatment semen (A0 and B0), with 292 

1.25 still significantly lower than that of the sexed semen (Table-3). When the S/C ratio 293 

was low, the fertility value of the female cows was high and when the S/C ratio was 294 

high, the fertility value of the female cows was low. As per a previous study, the normal 295 

range of S/C values is 1.6 and 2.0, where the S/C values for (A0 and B0) are in the 296 

outstanding category, even though the sex treatment was still in the normal 297 

category[22]. As evidenced by the NRR1 and NRR2 data, centrifugation was superior 298 

to non-centrifugation in the centrifuged sample compared to non-centrifuged selection. 299 

Moreover, additional research is required to determine the optimal spin effect (g force 300 

variable from 10.000-30.000 rpm) and spin-time effect. 301 

Other data indicate that the X chromosome has higher parameters than sperm with high-302 

quality Y chromosomes, dueto the energy-saving factor during the separation process 303 

with BSA. Therefore, suggestions can be made regarding alternative media that can 304 
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separate sperm more quickly in future research, as well as the insitu hybridization 305 

method, which will aid in sexing success.Furthermore, we suggest finding a 306 

preservation agent to prevent severe damage from using similar methods such as 307 

antioxidant agent in future research. 308 

<H1>Conclusion 309 

Incubation time influenced all sperm quality parameters in the BSA method for sexing 310 

sperm. In terms of sperm quality, in general, the NRRand CR of frozen non-sexed 311 

sperm with the shortest incubation time (40 min) indicated superior sperm quality. The 312 

data also revealed that sperm containing an X chromosome and centrifuged semen 313 

performed better in terms of sperm quality measures and post-insemination data. 314 
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 421 

 422 

Tables 423 

Table-1: Macroscopic quality of Simmental bull fresh semen. 

Parameter Values 

Volume (mL) 3.5 ± 0.71 

Color Creamy 

Odor Typical 

Ph 6.85 ± 0.06 

Consistency Medium 

Concentration (×106/mL) 1750 ± 100 
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Motility mass ++ 

Motility 82.5 ± 5.00 

Viability 89.84±8.00 

++ (positive 2)=Thick mass waves but slow moving 

 424 

 425 

 426 

Table-2: Effect of time BSA incubation media on sexing semen procedure in motility 

and viability semen before and after freezing procedures. 

Paramete

r 

X-bearing sperm (BSA 5%) Y-bearing sperm (BSA 10%) 

P1 (40`) P2 (50`) P3 (60`) P1 (40`) P2 (50`) P3 (60`) 

Motility 

(%) 

      

Bef

ore 

80.00*aA

8.17 

77.5*bA5

.00 

70*cA14.

14 

71.25*aB

6.29 

68.75*bB

2.50 

62.5*cB1

4.72 
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fre

ezi

ng 

Aft

er 

tha

win

g  

56.25*A

2.5 

56.25*A1

1.09 

56.25*A1

1.91 

47.5*B1

1.90 

47.5*B1

0.40 

41.25*B

6.29 

Viability 

(%) 

      

Bef

ore 

fre

ezi

ng 

85.30*aA 

9.37 

80.40*bA 

6.81 

72.11*cA 

12.07 

83.84*aB

8.26 

78.82*bB

7.53 

69.61*cB

3.46 
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Aft

er 

tha

win

g  

56.33*A

6.18 

60.87*A9

.56 

61.42*A6

.91 

48.71*B

6.62 

55.18*B

4.38 

44.47*B

6.88 

*Total means with different superscripts within a row differs significantly (p<0.05), 

freezing treatment effect. abcTotalmeans with different superscripts within a column 

differs significantly (p<0.05), incubation time treatment effect. ABTotalmeans with 

different superscripts within a group column differs significantly (p<0.05), chromosome 

factor after the incubation. BSA=Bovine serum albumin 

 427 

 428 

Table-3: Effect time of centrifugation procedures after sperm separating using BSA 

procedure in conception rates parameters. 

Parameter Without centrifugated With centrifugated 8 min 

Non- X- Y- Non- X- Y-
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sexed 

A0 

bearing 

sperm 

N: 5 

A1 

bearing 

N: 5 

A2 

sexed 

B0 

bearing 

sperm 

N: 5 

B1 

bearing 

N: 5 

B2 

NRR       

NRR 1 (30 

days)  

      

Non-

heat  

4 3 3 4 4 3 

% 

animals 

80 60 60 80 80 60 

NRR 2 (40 

days) 

      

Non-

heat 

4 2 3 4 3 3 
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% 

animals 

80 40 60 80 60 60 

NRR 3 (60 

days) 

      

Non-

heat 

4 2 3 4 3 2 

% 

animals 

80 40 60 80 60 40 

C/R       

Animals 4 2 3 4 3 2 

% 

animals 

80 40 60 80 60 40 

S/C 1.25 2.5 1.66 1.25 1.6 2 

S/C=Service per conception, C/R=Critically endangered, BSA=Bovine serum albumin, 

NRR=Non-return rate 

 429 
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Figure Legends 432 

 433 

 434 

 435 

Figure-1:Effect of time incubation of bovine serum albumin treatment on sperm 436 

motility and the effect of cryopreservation(before freezing [BF]). Mean sperm motility 437 

BF; and (after thawing [AT]) mean P/AI for each treatment within bull. Incubation 438 

time; 40, 50, and 60 min.Data reported as least square means ± standard deviation. 439 

(ABC) showed significantly differ (p <0.05) in the effect of incubation time, the data 440 

showed time incubation affected to change the motility either in X or Y sperm 441 

chromosome except in AT condition. (AB) showed significantly differ (p <0.05) by 442 

*aA
*bA

*cA

*A *A *A

*aB

*bB

*cB

*B *B

*B

0

10

20

30

40

50

60

70

80

90

BF (40`) BF (50`) BF (60`) AT (40`) AT (50`) AT (60`)

Sperm Motility

Chromosome X Chromosome Y



35 

 

sorting X and Y sperm chromosome in each treatment. **Showed significantly differ on 443 

cryopreservation treatment before and AT. 444 

 445 

 446 

Figure-2:Effect of time incubation of bovine serum albumin treatment on sperm 447 

viability and the effect of cryopreservation(before freezing [BT]). Mean sperm viability 448 

BT; and (after thawing [AT]) mean P/AI for each treatment within bull. Incubation 449 

time; 40, 50, and 60 min.Data reported as least square means ± standard deviation. 450 

(ABC) showed significantly differ (p <0.05) on the effect of incubation time, the data 451 

showed time incubation affected to change the motility either in X or Y sperm 452 

chromosome except in AT condition. (AB) showed significantly differ (p <0.05) by 453 
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sorting X and Y sperm chromosome in each treatment. **Showed significantly differ on 454 

cryopreservation treatment before and AT. 455 

 456 

   

A B C 

 457 

Figure-3:Ultrasonography images monitoring pregnancy rate (Source: Personal 458 

collection, 2022).(A) Day 6, (B) day 21, and (C) day 30. 459 

 460 

 461 
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Abstract
Background and Aim: To enhance the reproductive potential and increase productivity and population of cows, spermatozoa 
sex-sorting technology is required. This study aimed to examine the effect of sexing sperm, separated using a bovine serum 
albumin (BSA) column with varying incubation durations and centrifugation methods, for successful artificial insemination.

Materials and Methods: Six Simental bulls and 30 female cows (n = 30) as the recipient were selected for this study at 
Balai Pembibitaan Hijauan Pakan Ternak Sembawa Indonesia. The study parameters included sperm motility, viability, 
plasma membrane integrity, and conception rate (CR). The experiment was divided into three protocols to find out 
differences in some parameters: (1) BSA incubation time effect (P) with P1 (40 min), P2 (50 min), and P3 (60 min); (2) 
freezing time effect with before freezing and after thawing treatments; and (3) CR determined by measuring the proportion 
of pregnant cows following insemination with non-sexed, X-bearing, and Y-bearing sperms without centrifugation (n = 15) 
(A0, A1, and A2) and with centrifugation (n = 15) (B0, B1, and B2) in the acquired data, which were counted using the 
Statistical Package for the Social Sciences version 21 program. Analysis of variance was utilized to evaluate all treatments 
at various levels.

Results: The results demonstrated that centrifugation time influenced all sperm quality metrics for sperm containing X and 
Y (p < 0.05). The non-return rate (NRR) of non-sexed frozen semen, both centrifuged (A0) and not centrifuged (B0), was 
more significant than frozen semen produced by sexing X and Y spermatozoa. The NRR indicated a value of 80% based on 
the number of lactating cows.

Conclusion: Bovine serum albumin incubation and centrifugation protocols influenced and decreased all sperm quality 
indicators throughout the sexing procedure and could still be used as a sexing protocol. Furthermore, regarding NRR and 
service per conception, non-sexual treatment is superior to sexing treatment.

Keywords: bovine serum albumin, centrifugated, conception rate, incubation, sexing, sperm.

Introduction

Progeny selection of a particular sex is one of 
the most effective methods for increasing the genetic 
advancement and profitability of cattle farms [1]. Bull 
calves are preferred for meat production, while cow 
calves are preferred by the dairy industry [2], and 
sexed semen is crucial for producing offspring of the 
desired gender [3, 4]. Therefore, the gender balance 
of offspring arising from natural mating (the chance 
of male calves is fixed at a ratio of 51:49, which is 
one of the few genetic features that breeding programs 

cannot effectively control or change) or artificial 
breeding programs can be genetically controlled [5].

The presence of either X- or Y-chromosome-
bearing sperm in the sexed semen enabled the cre-
ation of offspring of the selected sex [6]. Various 
approaches have been used, such as flow cytometry, 
albumin sedimentation, and Percoll density-gradient 
centrifugation, to differentiate chromosome X sperm 
and Y sperm based on their DNA content differential 
ranges (3.7%–4.2%), depending on the breed [7]. One 
of the simple and many used methods was the bovine 
serum albumin (BSA) gradient method. This method 
does not damage the acrosomal integrity of sperm or 
sexed sperm yield, which is one of the reasons why it 
is preferred. Bovine serum albumin column methods 
have a conception rate (CR) similar to that of conven-
tional semen of more than 85% [8] or use egg white 
albumin [9]. This technique is expected to prevent a 
decline in the quality of spermatozoa after the sexing 
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process, because the BSA gradient method does not 
excessively manipulate spermatozoa [10].

Although sexing sperm is one of the most inten-
sively researched technologies and significant prog-
ress has been achieved in optimizing it over the past 
three decades, CR, when employing sex-sorted sperm, 
is still below expectations. Furthermore, proving the 
success of the conclusions of this study in practical 
applications is rare.

This study aimed to verify the spermatozoa car-
rying the X and Y chromosomes that have been sepa-
rated using a 5%–10% concentration BSA column at 
various incubation times and the effect of the centrif-
ugation process on the quality of the semen also pro-
duced to calculate the percentage success in the field 
of male and female births using the artificial insemi-
nation method affected by previous treatment.
Materials and Methods
Ethical approval

All animal procedures were performed according 
to the guidelines for the care and use of experimen-
tal animals of the National Research and Innovation 
Agency (BRIN) Indonesia with the number 065/
KE.02/SK/2022.
Study period and location

The study was conducted from January to 
September 2022  at the Balai Pembibitaan Hijauan 
Pakan Ternak (BPHPT) in Sembawa, Banyuasin, 
South Sumatra, Indonesia,
Semen sample collection

Samples of sperm from six domesticated Simental 
bulls aged 4–5 years (measured 380–450 kg BW) were 
collected and stored separately in refrigerator (4°C) 
without any diluent supplementation. The bulls were fed 
with a combination of forages (10% BW) and concen-
trate (1% BW) twice per day and water was provided 
as ad libitum. All bull in this research as the hustler in 
BPHPT and as the semen producer/donor in Sumatera 
area. Laboratory for Animal Reproduction and Health of 
BPHPT Sembawa Indonesia has also enacted laws and 
regulations governing animal experimentation. Samples 
of sperm were obtained using an artificial vagina col-
lection. The only good quality sperm samples used in 
the experiment which had a sperm concentration of 
>800 × 106 cells/mL and total motility of <60%.
Sexing sperm using BSA column

Four-cylinder tubes were used to prepare BSA 
column, which was then inflated to the bottom with a 
10% concentration and the top with a 5% concentra-
tion. Each container was kept at 37°C and 27°C. Then, 
fresh sperm was diluted with tris egg yolk medium; 
1 mL sample was placed in a tube containing 5% and 
10% BSA columns, according to the treatment. The 
final sperm concentration was 200 million/mL. After 
30 min, each tube of sperm was placed in a tube rack 
and stored in a water bath at 37°C and laminar cabi-
nets at room temperature (27°C).

Each BSA column was divided into three groups, 
and each sample was incubated for 40, 50, and 60 min 
(P1, P2, and P3). It was projected that the upper BSA 
column with a concentration of 5% would contain 
X-chromosome sperm, and the lower column with a 
concentration of 10% would contain Y-chromosome 
sperm. Diluted sperm was packaged in a mini straw 
and equilibrated at 5°C for 4 h in the refrigerator. Then 
some straws were frozen in a box containing liquid 
nitrogen for 10–15 min before being stored in a nitro-
gen container. The others would direct sperm quality 
testing.
Parameters of sperm quality

The study’s parameters were sperm motility, via-
bility, intact plasma membrane, and CR. The study 
was divided into three groups: Bovine serum albu-
min incubation time (P) with P1 (40’), P2 (50’), and 
P3 (60’) min incubation in BSA, and freezing time 
with before freezing (BF) and after thawing (AT) 
treatments. The data obtained in this study, such as 
motility, viability, abnormalities, intact plasma mem-
brane, and conception rate, were tallied in the IBM 
SPSS Statistics for Macintosh, Version 21.0 (IBM 
Corp., NY, USA). An analysis of variance was used to 
examine all treatments at various treatments.
Semen evaluation

The data observed were concentration, motility, 
viability abnormalities, and plasma membrane integ-
rity/HOST of spermatozoa before and after freez-
ing. The sperm motility was followed by putting and 
homogenizing 10 μL of diluent mixed with NaCl (1:4) 
and then placing it on the microscope ( Olympus CH 
20, Boston, MA, USA). Slide viewed was taken at 
ten fields with a magnification of 100 × 400; scores 
were given in the range 0–100% with a 5% scale. The 
eosin staining procedure was used for sperm viability. 
A total of 200 spermatozoa were counted per sample 
using a light microscope (Olympus CH 20) to differ-
entiate the reacted and non-reacted spermatozoa. The 
dead sperm with damaged acrosomes emitted a robust 
red color, whereas non-reacted with live sperm emit-
ted light pink or no shade. Based on the coiled and 
swelled tails, the hypo-osmotic swelling test was uti-
lized to determine the functional integrity of the sperm 
membrane. This was accomplished by incubating 
0.1 mL of sperm with 1 mL of a 150 M hypo-osmotic 
solution at 37°C for 30 m. After incubation, 0.2 mL 
of the solution was distributed on a warm microscope 
slide using a cover slip. One thousand times magnifi-
cation was used to examine 200 spermatozoa under 
bright-field microscopy.  Abnormality in sperms was 
recordedand plasma membrane damage would be 
inflated or had curled tails [11].
Non-return rate (NRR)

Conception rate was obtained to measure NRR 
by calculating the percentage of pregnant cows after 
insemination using non-sexed sperm, X-bearing 
sperm, and Y-bearing sperm without centrifugation 
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(n = 15) (A0, A1, and A2) and non-sexed sperm, 
X-bearing sperm, and Y-bearing sperm with centrifu-
gation (n = 15) (B0, B1, and B2) in the first insemina-
tion of the total number of cattle inseminated. The data 
collected were calculated using formula [12], namely:

( )  Pregnancies in the first AI  100%
 Accepto

 %
rs

CR ∑
×

∑
=

Description:
Ʃ Acceptors: Artificially inseminated cows
Ʃ Pregnancies in the first AI: Total cows considered 
pregnant
Service per conception (S/C)

Service per conception was obtained by deter-
mining the number of straws used and the number of 
pregnant females. The data collected were calculated 
using formula [12], namely:

 Straw,  useService per d 
 Pregna

conc
nt a

eption
cceptors

=
∑

∑

Description:
Ʃ Pregnant acceptors: Total pregnant females
Ʃ Straw used: The number of staws used until the cat-
tle are pregnant
Results and Discussion
The sperm quality of fresh semen of Simmental Cattle

The successful use of sexed sperm in bovines 
has been documented; the most common applica-
tion of sexed sperm is for the sex preselection of 
bulls to achieve an adequate number of national 
beef cattle. Utilizing sexed sperm is an effective 
method for producing offspring of a particular gen-
der [2, 12]. Several separation methods, such as the 
use of an albumin column with BSA, have been 
employed. Bovine serum albumin (serum albumin 
protein) protects sperm by protecting the plasma 
membrane from free radical damage. An accu-
rate combination of BSA concentrations maintains 
optimal sperm quality during sexing [13]. Table-1 
shows that the average fresh semen for each cattle 
was 3.5 ± 0.707 mL, which is still in normal condi-
tions (2–19 mL per ejaculation) [14]. In addition, all 
parameters appeared normal, and fresh semen sam-
ples met the standard requirements for the semen 
sexing process in further experiments [3]. The motil-
ity of fresh semen to be processed into frozen semen 
should be at least 70% for a bull. If the motility is 
<70%, it can still be used if the recovery rate is at 
least 50% (BSN, 2017). Production of frozen sexed 
semen using 5% and 10% BSA columns can only be 
performed if the motility percentage value is 60% to 
anticipate a drastic decrease in sperm quality due to 
the incubation treatment for 40–60 min longer than 
the usual freezing process [8]. In addition, the sperm 
was 1750 ± 100 × 106 cells/mL. This concentra-
tion was considered typical. According to previous 
research, the standard concentration of bull sperm is 
800–2000 × 106 cells/mL. This standard is consistent 

Table-1: Macroscopic quality of Simmental bull fresh 
semen.

Parameter Values

Volume (mL) 3.5 ± 0.71
Color Creamy
Odor Typical
Ph 6.85 ± 0.06
Consistency Medium
Concentration (×106/mL) 1750 ± 100
Motility mass ++
Motility 82.5 ± 5.00
Viability 89.84 ± 8.00

++ (positive 2)=Thick mass waves but slow-moving

with our analysis; consequently, the sperm used in 
this study could be processed further [15].
Effect of BSA incubation time on sexing sperma-
tozoa on motility and viability of spermatozoa X-Y 
Simmental cattle

One of the sperm sexing methods is the BSA gra-
dient method. This procedure is expected to prevent a 
deterioration in the quality of spermatozoa following 
sexing, as the BSA gradient method is not thought to 
alter spermatozoa excessively. Spermatozoa sexing is 
often accomplished by separating the X and Y chromo-
somes based on differences in deoxyribonucleic acid 
(DNA) content, physical traits, macro proteins, and 
weight and motility of spermatozoa [10]. A previous 
study reported that 5% BSA had a pH of 7.43, density 
of 1.0547 g/mL, and viscosity of 0.8648 cP, whereas 
10% BSA had a pH of 7.40, density of 1.0661 g/mL, 
and viscosity of 1.0378 cP. This characteristic of BSA 
is one of the reasons for sexing semen separation [3]. 
The neutral pH of BSA places the spermatozoa in a 
comfortable condition through the albumin column. 
This is because sperm do not change the internal pH.

The quality of spermatozoa post-incubation on 
the BSA column is shown in Table-2 and the next 
protocol was the freezing method. Based on the study 
data, the average BF or fresh semen quality of X and Y 
sperm was the highest (p < 0.05) in P1 (40 min incu-
bation time), with 80% and 85.3% in X sperm and 
71.25% and 83.84% in Y sperm motility and viabil-
ity, respectively, and the lowest values were found in 
P3 (60 min incubation time) (Table-2, Figures-1 and 2). 
However, no significant effect of the BSA incubation 
time was observed after semen thawing. This result 
was similar to that of BSA media sexing semen in 
local Indonesian rams [16], which also showed that 
incubation time significantly affects the viability of X 
and Y sperms. The longer the incubation period, the 
greater the accumulation of lactic acid from cell meta-
bolic activities, which results in an acidic environment 
and the generation of reactive oxygen species that pro-
mote lipid peroxidation through oxidation processes 
that bind to cell membranes. These conditions reduce 
sperm motility or viability [16].

Moreover, X sperms showed longer viability 
than Y sperms in long-term incubation. X-sperm may 
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save more energy (shown with lower motility in X 
sperm than Y sperm) while keeping the membrane 
more intact than Y sperm due to their wider heads and 
slower movement [17]. Ligand activation of toll-like 
receptors, 7/8 in X-encoded sperm, suppresses motil-
ity without affecting fertilization [18]. Other reasons 
described in the human sperm findings state that the 
viability of mammalian Y spermatozoa is lower than 
that of X spermatozoa due to the increased expression 
of apoptotic proteins in live Y cells [19]. In addition, 
we assumed that the greater the concentration of BSA, 
the greater the viscosity and density; therefore, Y 
sperms in the lower layer encountered greater friction. 
This frictional strain causes severe membrane damage 
to the bottom layer of the sperm.

Due to the cryopreservation process, all parame-
ters of sperm quality AT revealed a significant (p < 0.05) 
reduction in motility and viability but not significant 
in each incubation time treatment. This is similar to a 

previous research that stated that the freezing-thawing 
mechanism targets sperm DNA and protaminesolysis 
and leads to decreased quality parameters after the pro-
cess [20]. According to a previous study, freeze-thaw 
cycles lead to increased DNA breakage. In this study, 
chromatin dispersion (the halo surrounding the nucleus) 
and the loss of protamine in the abnormal sperm cell 
population were indicative of DNA fragmentation 
(deprotamination). DNA fragmentation in the sperm 
cells is associated with elevated levels of deprotami-
nation, which increases the risk of infertility [21]. The 
insufficient data on viability AT can also be attributed 
to the fact that this stage did not include a centrifuga-
tion treatment. In those samples, dead sperm cells were 
still counted in the viability calculation after the BSA 
treatment, which requires more than 30 min, because 
the purpose of centrifugation in sexing spermatozoa is 
to separate live and dead spermatozoa from other haz-
ardous substances. The data found in the after-thawing 

Table-2: Effect of time BSA incubation media on sexing semen procedure in motility and viability semen before and after 
freezing procedures.

Parameter X-bearing sperm (BSA 5%) Y-bearing sperm (BSA 10%)

P1 (40`) P2 (50`) P3 (60`) P1 (40`) P2 (50`) P3 (60`)

Motility (%)
Before freezing 80.00*aA ± 8.17 77.5*bA ± 5.00 70*cA ± 14.14 71.25*aB ± 6.29 68.75*bB ± 2.50 62.5*cB ± 14.72
After thawing 56.25*A ± 2.5 56.25*A ± 11.09 56.25*A ± 11.91 47.5*B ± 11.90 47.5*B ± 10.40 41.25*B ± 6.29

Viability (%)
Before freezing 85.30*aA ± 9.37 80.40*bA 6.81 72.11*cA ± 12.07 83.84*aB ± 8.26 78.82*bB ± 7.53 69.61*cB ± 3.46
After thawing 56.33*A ± 6.18 60.87*A ± 9.56 61.42*A ± 6.91 48.71*B ± 6.62 55.18*B ± 4.38 44.47*B ± 6.88

*Total means with different superscripts within a row differs significantly (p < 0.05), freezing treatment effect. abcTotal 
means with different superscripts within a column differs significantly (p < 0.05), incubation time treatment effect. 
ABTotal means with different superscripts within a group column differs significantly (p < 0.05), chromosome factor after 
the incubation. BSA=Bovine serum albumin
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Figure-1: Effect of time incubation of bovine serum 
albumin treatment on sperm motility and the effect of 
cryopreservation (before freezing [BF]). Mean sperm 
motility BF; and (after thawing [AT]) mean P/AI for each 
treatment within bull. Incubation time; 40, 50, and 60 min. 
Data reported as least square means ± standard deviation. 
ABC showed a significantly differ (p < 0.05) in the effect of 
incubation time; the data showed time incubation affected 
to change the motility either in X or Y sperm chromosome 
except in AT condition. AB showed a significantly differ 
(p < 0.05) by sorting X and Y sperm chromosome in each 
treatment. **Showed significantly differ in cryopreservation 
treatment before and AT. 
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 Figure-2: Effect of time incubation of bovine serum 
albumin treatment on sperm viability and the effect of 
cryopreservation (before freezing [BT]). Mean sperm 
viability BT; and (after thawing [AT]) mean P/AI for each 
treatment within bull. Incubation time; 40, 50, and 60 min. 
Data reported as least square means ± standard deviation. 
ABC showed a significantly differ (p < 0.05) in the effect of 
incubation time; the data showed time incubation affected 
to change the motility either in X or Y sperm chromosome 
except in AT condition. AB showed a significantly differ 
(p < 0.05) by sorting X and Y sperm chromosome in each 
treatment. **Showed significantly differ in cryopreservation 
treatment before and AT.
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condition were different from those before the freezing 
event; however, the differences were not significant, 
as longer incubation times resulted in higher viability, 
except for P3 in the Y chromosome-bearing sperm. 
Incubation is an important stage in sperm cryopreserva-
tion because it concentrates the live sperm population 
such that it can be re-diluted with freezing extenders to 
prevent cell viability AT.
Conception rates of Spermatozoa X-Y Simmental 
Cattle on BSA sexing media with or without 
centrifugation

The conception rates after incubation on the BSA 
column with or without centrifugation are shown in 
Table-3. Based on the results of the study, the NRR 
values of frozen non-sexed semen, both centrifuged 
(A0) and uncentrifuged (B0), were greater than those 
of frozen semen produced by sexing X and Y sper-
matozoa. Non-return rate (both A0 and B0) showed a 
value of 80%, with the number of female cows in heat 
again after AI being one heat female.

Non-return rate (A1) decreased to 40%, NRR3 
from 60% for NRR1, and the number of female cows 
came in heat again after AI being two acceptors at 
the end of the examination. The NRR value for (A2) 
was 60%, with two female cows in heat again after 
AI being two females. The NRR for (B1) decreased 

from 60% for NRR3 to 80% for NRR1, with the num-
ber of female cows in heat again after AI being the 
two acceptors at the end of the examination. The NRR 
value for (B2) was 40%, with three female cows in 
heat again after AI being three females. The NRR for 
A0 and A2 is in the excellent category (>50%), and 
the NRR for (A1) in this study is in the unsatisfac-
tory category (<50%). Despite this, the NRR for B0 
and B1 is in the excellent category (>50%), and the 
NRR for (B2) in this study was in the unsatisfactory 
category (<50%). Meanwhile, a good NRR value is 
79.53% [22]. The interesting data in this study was 
the sample which centrifuged had a higher NRR than 
the sample without centrifuged. We assumed that this 
was because centrifugation aids in the elimination of 
seminal plasma, concentrates spermatozoa for redilu-
tion using cryopreservation extenders, and improves 
the quality of the sperm itself.

In this study, each day, the animals were under-
gone an ultrasound examination to monitor the 
condition of the uterus and as an attempt to detect 
pregnancy, especially in early pregnancy, which 
showed in Figure 3. Based on the CR values, the AI 
results of AI using non-sexed semen were higher than 
those obtained using sexed semen. The CR values of 

Table-3: Effect time of centrifugation procedures after sperm separating using BSA procedure in conception rates 
parameters.

Parameter Without centrifugated With centrifugated 8 min

Non-sexed
A0

X-bearing sperm
N: 5
A1

Y-bearing
N: 5
A2

Non-sexed
B0

X-bearing sperm
N: 5
B1

Y-bearing
N: 5
B2

NRR 
NRR 1 (30 days)

Non-heat 4 3 3 4 4 3
% animals 80 60 60 80 80 60

NRR 2 (40 days)
Non-heat 4 2 3 4 3 3
% animals 80 40 60 80 60 60

NRR 3 (60 days)
Non-heat 4 2 3 4 3 2
% animals 80 40 60 80 60 40

C/R
Animals 4 2 3 4 3 2
% animals 80 40 60 80 60 40
S/C 1.25 2.5 1.66 1.25 1.6 2

S/C=Service per conception, C/R=Critically endangered, BSA=Bovine serum albumin, NRR=Non-return rate

Figure-3: Ultrasonography images monitoring pregnancy rate (Source: Personal collection, 2022). (a) Day 6, (b) day 21, 
and (c) day 30.

b ca
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non-sexed spermatozoa (A0), sexed X spermatozoa 
(A1), and sexed Y spermatozoa (A2) were 80%, 40%, 
and 60%, respectively, on un-centrifuged semen. 
Meanwhile, the CR values of non-sexed spermatozoa 
(B0), sexed X spermatozoa (B1), and sexed Y sperma-
tozoa (B2) were 80%, 60%, and 40%, respectively, 
on centrifugated semen. In this study, the CR values 
of (A0 and B0) and (A2 and B1) were better and in the 
excellent category than those of (A1 and B2), which 
were still considered unsatisfactory. Boro et al. [23] 
stated that the conception rate using sexing semen 
reached 45%.

Meanwhile, the standard CR in cows is 60%–70%. 
The low CR value of sexed sperm results from their low 
motility of sexed sperm following the sexing procedure, 
and a time requirement of more than 30 min for sexed 
sperm has many adverse effects on sperm cells. Sexing 
techniques reduce sperm motility, viability, and fertiliza-
tion capacity. This phenomenon is associated with the 
energy source in the head of sexed spermatozoa; conse-
quently, during the separation or sexing process, many 
sexed spermatozoa die on the way, or the number of 
spermatozoa decreases because the separated sperma-
tozoa undergo a treatment that requires a great deal of 
energy to maintain their physiological conditions [14].

The lowest S/C value was observed in the non-
sexed treatment semen (A0 and B0), with 1.25 still 
significantly lower than that of the sexed semen 
(Table-3). When the S/C ratio was low, the fertility 
value of the female cows was high and when the S/C 
ratio was high, the fertility value of the female cows 
was low. As per a previous study, the normal range 
of S/C values is 1.6 and 2.0, where the S/C values 
for (A0 and B0) are in an outstanding category, even 
though the sex treatment was still in the normal cate-
gory [22]. As evidenced by the NRR1 and NRR2 data, 
centrifugation was superior to non-centrifugation in 
the centrifuged sample compared to non-centrifuged 
selection. Moreover, additional research is required 
to determine the optimal spin effect ( g force variable 
from 10.000-30.000 rpm) and spin-time effect.

Other data indicate that the X chromosome has 
higher parameters than sperm with high-quality Y 
chromosomes, due to the energy-saving factor during 
the separation process with BSA. Therefore, sugges-
tions can be made regarding alternative media that 
can separate sperm more quickly in future research, 
as well as the in situ hybridization method, which 
will aid in sexing success. Furthermore, we suggest 
finding a preservation agent to prevent severe damage 
from using similar methods, such as an antioxidant 
agent, in future research.
Conclusion

Incubation time influenced all sperm quality 
parameters in the BSA method for sexing sperm. In 
terms of sperm quality, in general, the NRR and CR of 
frozen non-sexed sperm with the shortest incubation 
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time (40 min) indicated superior sperm quality. The 
data also revealed that sperm containing an X chromo-
some and centrifuged semen performed better in terms 
of sperm quality measures and post-insemination data.
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