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Abstract
Background and Aim: The production  of male calf beef cattle is an agricultural innovation needed to increase the farm’s 
productivity as a provider of meat sources. This study aimed to determine the sex ratio of the offspring of cows inseminated 
with Y‑bearing sperm enriched by Percoll density gradient centrifugation and swim‑up, combined with delayed fixed‑time 
artificial insemination (FTAI).

Materials and Methods: Ejaculates of Simmental bulls were divided into four equal portions and grouped as T0 (control, 
non‑sexed semen), T1 and T2 were sexed semen using Percoll density gradient centrifugation three and five levels, 
respectively, and T3 was sexed semen using swim‑up. After the sex was sorted, the semen was diluted in a tris‑egg yolk 
extender, packaged in French mini‑straws containing 50 million live sperm cells, and frozen. Pre‑sexed, post‑sexed, and 
post‑thawed spermatozoa were evaluated based on progressive motility, viability, intact plasma membrane, and abnormality. 
The post‑thawed semen of T0 was artificially inseminated to recipient cows at 12 h after onset of estrus (not delayed FTAI). 
Meanwhile, the delayed FTAI was conducted 18‑20 h after onset of estrus using the T0, the best of T1 and T2, and the T3 
post‑thawed semen.

Results: The Percoll density gradient centrifugation reduced motility, viability, and intact plasma membrane but increased 
sperm abnormalities. Meanwhile, the swim‑up process increased motility, viability, and intact plasma membrane of sperm 
cells but decreased sperm abnormalities. Post‑thawed semen decreased motility, viability, and intact plasma membrane of 
sperm cells but increased sperm abnormalities. The sex ratio of the Simmental crossbred offspring was 96.08% and 100% in 
T1 and T3, respectively, compared to 48.25% and 67.39% in T0 not delayed and delayed FTAI, respectively.

Conclusion: The Percoll density gradient centrifugation and swim‑up methods are prospective for obtaining male offspring.

Keywords: agricultural innovation, farm productivity, motility, pregnancy rate, sperm morphologic abnormality, viability.

Introduction

Sex manipulation technologies allow predeter‑
mination of the offspring’s gender to harvest male 
calf offspring for increased productivity of farm as the 
provider of meat source. Sperm separating technol‑
ogies in sex manipulation can be conducted through 
Percoll density gradient centrifugation or the swim‑up 
method  [1]. The Percoll density gradient centrifuga‑
tion is based on differences in X‑ and Y‑sperm DNA 
content, allowing for cell separation. After centrifuga‑
tion, X‑bearing sperm cells settle at the lower layer, 

while the Y‑bearing sperm cells remain at the upper 
level (supernatant) [2]. Sexing sperm cells using the 
swim‑up method are based on differences in motility 
speed of swimming out of the pellets to the surface 
of the media. The Y‑bearing sperm cells swim faster 
than X‑bearing sperm cells  [3]. The highly motile 
sperm cells move to the upper level of the medium 
faster; therefore, the swim‑up technique selects the 
most active and motile sperm cells [4]. Swim‑up was 
proven effective for separating X‑ and Y‑bearing Nili 
Ravi buffalo bull sperm cells where the expression of 
Y chromosome‑bearing fraction was 4‑fold higher in 
supernatant than control [2].

Natural mating or artificial insemination  (AI) 
using non‑sexed semen resulted in a 50%:50% sex 
ratio. Ovulation occurs approximately 24‑32  h after 
the onset of standing estrus. The fixed‑time AI (FTAI) 
should be conducted 12 h after the onset of estrus in 
bovine for most sperm cells to reach the ovum at the 
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appropriate time; this process was traditionally called 
the a.m.‑p.m. guideline. When the estrus of cows is 
observed during a.m. hours, AI should be conducted at 
the p.m. hours, and vice versa [5]. Since the Y‑bearing 
sperm cells swim faster than the X‑bearing sperm 
cells  [3], delayed insemination aims to approach the 
ovulation time expected to give rise to an XY zygote 
and then a male calf. Hypothetically, obtaining male 
calf offspring can be conducted by delaying the FTAI; 
thereby, the Y‑bearing sperm has a higher probability of 
fertilizing the ovum. There has been no report of using 
the combination of sexed semen and delayed FTAI to 
harvest the male Simmental crossbred offspring.

Therefore, this study aimed to determine the 
sex ratio of the offspring on cows inseminated using 
enriched Y‑bearing sperm using Percoll density gra‑
dient centrifugation and swim‑up, combined with 
delayed FTAI.
Materials and Methods

The experimental procedure was approved by 
the Animal Care and Use Committee, Airlangga 
University, Surabaya, Indonesia, No.  267/HRECC.
FODM/VII/2019.
Study period and location

This study was conducted from April 2020 to 
January 2021. The processing for sexing and freezing 
of spermatozoa was conducted in the Singosari National 
Artificial Insemination Center  (SNAIC), Malang 
District, East Java, Indonesia. The SNAIC is located at 
latitude 7°83’76” S, longitude 112°64’57” E, and alti‑
tude 800‑1.200 m above sea level (ASL). The climate of 
Malang District is a climate with the relative humidity 
is 84%, and temperature is 18‑31°C, yearly rainfall is 
about ± 1.596 mm, and ± 84.85 rainy days per year [6]. 
The application of post‑thawed semen for AI to recip‑
ient cows was conducted at Kedungpring, Lamongan 
District, East Jawa, Indonesia, at latitude S 6°51’54”, 
longitude E 122°4’44”, and altitude  +  23  m ASL. 
Lamongan District is a tropical climate with a humidity 
of 64%, average temperature of 27‑32°C, yearly rain‑
fall of about ± 1.403 mm, and ± 71.16 rainy days per 
year [7].
Experimental design

This study was conducted using a completely 
randomized design. Each ejaculate was equally 
divided randomly into four portions for T0 (control, 
non‑sexed semen), T1 and T2 were sexed semen using 
Percoll density gradient centrifugation three and five 
levels, respectively, and T3 was sexed semen using 
swim‑up. The recipient cows were 175 head of estrous 
synchronized local  (Peranakan Ongole) cows. They 
were randomly divided into four groups inseminated 
with post‑thawed semen of T0 at 12  h  (not delayed 
FTAI) and 18‑20 h (delayed FTAI) after the onset of 
estrus, and the best of T1 and T2, as well as T3, was 
artificially inseminated in local cows at 18‑20 h after 
onset of estrus.

Animals
Four Simmental bulls and 175 Peranakan Ongole 

cows were used in this study recipient. The Simmental 
bulls were aged 3‑5 years and weighing 900‑950 kg, cat‑
egorized as superior genetic quality, routinely collected 
for frozen semen production of the SNAIC. The recipi‑
ents selected were non‑pregnant healthy cows with regu‑
lar estrus cycles based on farmer record, body condition 
score of 3‑4 (on a scale of 1‑5), aged 4‑6 years, weighing 
550‑600 kg, and parity of two to four was used as recip‑
ients. The recipient cows were reared at Kedungpring, 
Lamongan District, East Jawa, Indonesia.
Extender

Tris‑egg yolk extender was prepared freshly by mix‑
ing 1.363 g Tris‑aminomethane (Merck, CAS Number: 
108382, Darmstadt, Germany), 0.762 g citric acid (CAS 
Number: 77‑92‑9 100241‑Merck Millipore), 1.5 g lac‑
tose monohydrate  (Merck CAS Number: 1.07660), 
and 2.7  g D‑(+)‑raffinose pentahydrate  (Merck, CAS 
Number: 512‑69‑6), 0.5 g D(‑)‑fructose  (Merck, CAS 
Number: 57‑48‑7 104007) was dissolved in 80 mL dou‑
ble‑distilled water and homogenized with a magnetic 
stirrer for 10‑15 min [8]. The extender osmolarity was 
295 mOsm/L  (WESCOR model 5500, INC, USA). 
The solution was heated to 100°C for a few minutes 
and cooled to room temperature  (26°C), after which 
it was mixed with 0.1 g penicillin G (Meiji Seika Co., 
Tokyo, Japan) and 0.1 streptomycin sulfate (Meiji). The 
mixture was homogenized again for 10‑15  min. Egg 
yolk (20 mL) was dissolved in 80 mL of the mixture, 
centrifuged 492 × g for 15 min, the supernatant was used 
as an extender while the precipitate was removed [2].
Semen collection

Ejaculates of Simmental bull were collected 
using an artificial vagina. The samples were imme‑
diately examined for macroscopic  (volume, smell, 
color, viscosity, and pH) and microscopic  (mass 
movement, concentration, sperm motility, viability, 
morphologic abnormalities, and intact plasma mem‑
brane) characteristics [9].
Semen quality evaluation

The quality of fresh semen, post‑sexed, and 
post‑thawed semen was evaluated based on the sperm 
concentration, viability, motility, IPM, and morpho‑
logic abnormality.
Sperm concentration

The sperm concentration of semen was con‑
ducted in a standardized spectrophotometer  (Bovine 
Accucell photometer, IMV, L’Aigle, France). Sperm 
concentration was determined at 535 nm wavelength 
using a pre‑warmed and calibrated photometer. The 
photometer was set at zero using normal saline water, 
and then, 20 µL semen samples were mixed in 2 mL 
normal saline water [10].
Sperm viability

A drop of semen, mixed homogenously with 
eosin‑nigrosin on an object‑glass, smeared and dried 
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over a flame. The viability of sperm was examined 
under a light microscope (Olympus BX‑53, Olympus 
Corporation, Tokyo, Japan) at 400×. Live sperm 
cells had non‑stained heads, while dead sperm cells 
appeared reddish [11].
Sperm motility

Semen was diluted in physiological saline (0.9% 
NaCl) (10 µL each), dropped on a warm glass slide, 
and covered with a coverslip. The progressive move‑
ment of sperm cells was assessed under a light micro‑
scope at 400  ×  using a computer‑assisted sperm 
analyzer  (CASA, WEI‑LI New Century Technical 
Development, China) [11].
Plasma membrane intactness

Membrane integrity assessment was conducted 
using the Hypo Osmotic Swelling test. The hypo‑os‑
motic solution contained  7.35 g sodium citrate 2 H2O 
and 13.52 g fructose dissolved in 1000 mL distilled 
water (150 mosmol fructose and 150 mosmol sodium 
citrate). A  semen sample of 0.1  mL was added to 
1 mL hypo‑osmotic solution and incubated for 30 min 
at 37°C. Cells were observed using a light micro‑
scope  (Olympus BX‑53, Olympus Corporation) at 
400×. The curled tails indicated intact plasma mem‑
branes, while sperm cells with straight tails indicated 
damaged membranes [11].
Sperm morphologic abnormality

A drop of the semen was smeared on a glass 
slide, allowing it to air dry after which it was stained 
with eosin nigrosin. The individual sperm was exam‑
ined using a light microscope  (Olympus BX‑53, 
Olympus Corporation) at 400×. Head, neck, and tail 
morphological defects were evaluated on 100 sperm 
cells [12].
Treatment of semen

Each ejaculate was split for semen quality eval‑
uation  (1  mL) and treatment groups  (the remaining 
ejaculate volume).
Non‑sexed semen

Three portions of Earle’s balanced salt solu‑
tion  (EBSS, Sigma‑Aldrich, Darmstadt, Germany) 
medium supplemented with 0.1% bovine serum albu‑
min  (BSA, Sigma‑Aldrich) [4] were prepared for 
each one portion of fresh semen. Fresh semen 1 mL 
was pipetted and gently released at the bottom of the 
15  mL Falcon tube containing 3  mL EBSS without 
disturbing the semen‑medium interface. Then, the top 
3 mL EBSS was immediately discarded [13].
Discontinuous Percoll density gradient centrifuga‑
tion preparation

The gradient medium was TCM 199 
(Sigma‑Aldrich) plus 0.35 g/liter bicarbonate buffer 
(Sigma‑Aldrich). The discontinuous Percoll (Pharmacia, 
NJ, USA) density gradient was formed by three (90%, 
60%, and 30%) and five Percoll concentrations (90%, 
75%, 60%, 45%, and 30%). The solutions of those sev‑
eral densities were sequentially arranged in a 15  mL 

tube from the highest concentrations in the bottom to 
the lowest concentrations at the top in 2.0 mL each for 
three levels and 1.2 mL each for five levels of Percoll 
density gradient medium [14].

One milliliter of fresh semen was put over the 
last layer of Percoll of three and five gradient concen‑
trations and then centrifuged at 623 × g for ten min 
at room temperature  (26°C). Two‑third of the upper 
layer was removed, and the remaining was resus‑
pended with 3  mL EBSS, centrifuged for 5  min at 
492  ×  g for sperm washing, followed by discarding 
2 mL of the supernatant. The remaining 1 mL pellets 
were resuspended, washed, and resuspended again 
with 3  mL EBSS and allowed to stand for 10  min. 
Finally, 1 mL of the top layer of the supernatant was 
collected to assess sperm cell quality and for further 
processing [4].
Swim‑up

A 3 mL EBSS was carefully put into the centrif‑
ugation tube wall containing 1  mL fresh semen for 
swim‑up. The tube was tilted to a 45° angle and incu‑
bated for 1 h at 27°C to 28.5°C. The tube was care‑
fully reversed to a standing position, then 1 mL of the 
top layer  (supernatant) was harvested for sperm cell 
quality assessment and further processing [4].
Freezing, thawing, and sperm post‑thaw evaluation

The semen samples were frozen following the 
Indonesian National Standard (SNI) with the number 
SNI: 4869‑1:2017 (production and analysis of frozen 
semen) of the National Standardization Agency of 
Indonesia  [15]. The semen was diluted in a tris‑egg 
yolk extender, after which it was equilibrated at 5°C 
in a cold handling cabinet  (Minitüb, Germany) for 
22 h[16] after which it was packaged in 0.25 mL French 
straws containing 50  ×  106 live spermatozoa and 
sealed. The straws were exposed to liquid nitrogen 
vapor (−140°C) for 10 min and stored in liquid nitro‑
gen (−196°C) for a month before they were assessed 
and used for AI [17].

The straws of each group were randomly selected 
for the assessment of post‑thawed sperm quality in 
six replicates. Straws were thawed in sterile water at 
37°C for 30 s to assess the sperm motility and via‑
bility, plasma membrane integrity, and morphological 
abnormality.
Estrus synchronization, AI, and pregnancy diagnosis

The determination of the recipient cows number 
inseminated was based on the agreement between the 
research team and the breeders. Transrectal palpation 
was conducted to ensure that the cows were not preg‑
nant and had a corpus luteum on the ovary. Estrus syn‑
chronization was conducted by intramuscular injec‑
tion of 5  mg prostaglandin F2 alpha  (Enzaprost‑T, 
France) twice within 11  days  [18]. Two days after 
the injection, estrus signs were observed. The straws 
of each group were randomly selected for AI. The 
post‑thawed semen of the T0 group was artificially 
inseminated in 50 estrus cows at 12  h  [5]  (control 
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group – not delayed and T0 – not delayed FTAI) and 
in 50 estrus cows at 18‑20 h (control group – delayed 
and T0 – delayed FTAI) after the onset of estrus. The 
best quality of post‑thawed semen among the T1 and 
T2 group was artificially inseminated in 50 estrus 
cows. The T3 (swim‑up) group was artificially insem‑
inated in estrus cows at 18‑20 h after onset of estrus. 
Re‑insemination was conducted a cycle later when the 
cow failed to be pregnant at the first AI. Pregnancy 
diagnosis was performed by transrectal palpation on 
90 days post‑AI [18].
Statistical analysis

Progressive motility, viability, IPM, and sperm 
morphological defects data were analyzed using anal‑
ysis of variance, followed by the Tukey honestly sig‑
nificant difference. Meanwhile, the sex ratio among 
groups was analyzed using the Chi‑square test. The 
statistical analysis was conducted at a 95% signif‑
icance level using Statistical Package for the Social 
Sciences Version 23 (IBM Corp., NY, USA).
Results

The characteristics of the fresh semen are pre‑
sented in Table 1. The post‑sexed semen with Percoll 
density gradient centrifugation  (T1 and T2) and 
swim‑up (T3) changed most semen quality parameters 
compared to T0. Spermatozoa concentrations in all 
sexing sperm groups were lower than the T0 (p<0.05), 
with T3 being the lowest. Progressive motility on T1 
and T2 was lower than those of T0. Meanwhile, sperm 
progressive motility of T3 was not significantly dif‑
ferent (p>0.05) compared to T0. The sperm viability 
and IPM of T1 and T3 were lower (p<0.05), while T3 
was higher (p<0.05) compared to T0. Sperm morpho‑
logical abnormality of T1 and T2 was higher, while 
T3 was lower (p<0.05) than T0. Overall, sperm motil‑
ity, viability, and IPM of the T2 group were the low‑
est (p<0.05) compared to the other groups. Meanwhile, 
the concentration of spermatozoa and sperm morpho‑
logical abnormalities in the T3 group showed the low‑
est value [Table 2].

Sperm motility, viability, and IPM were lower, but 
the abnormality of post‑thawed [Table 3] was higher 
than the pre‑freezing of post‑sexed semen [Table 2]. 
Based on the sexing treatment group, the sperm motil‑
ity and viability of three levels  (T1) and five lev‑
els (T2) of Percoll density gradient centrifugation were 

lower  (p<0.05) than those of the control group  (T0) 
and the swim‑up group (T3). The lowest sperm IPM 
was T2 (p<0.05) compared to the other group. There 
were no significant differences in sperm IPM among 
the T0, T1, and T2 groups. The difference in sperm 
abnormality data among groups was inverse (p<0.05) 
to the sperms motility and viability data. There were 
no significant differences  (p>0.05) in the number of 
motile sperm among groups.

Two of the 50 cows in the T0 delayed FTAI group 
were sold by the owner before insemination, and two 
of 25 cows of the T3 group failed to get pregnant up 
to the second insemination. There were no significant 
differences  (p>0.05) in the pregnancy rate among 
groups. The sex ratio of the Simmental crossbred off‑
spring was 52% in the T0 not delayed FTAI group and 
67.39% in the T0 delayed FTAI group (p>0.05). The 
combination treatment of sexing sperm using Percoll 
density gradient centrifugation  (T1) with delayed 
FTAI and swim‑up (T3) with delayed FTAI resulted in 
sex ratio offspring 96.08% and 100% (p>0.05), both 
were higher (p<0.05) than those of T0 delayed and T0 
not delayed FTAI [Table 4].
Discussion

The average concentration was above 600 
million/mL, progressive motility was above 70%, 
and abnormalities were less than 20%, indicating that 
the ejaculates were qualified for frozen semen pro‑
duction [15]. Treatment for sort sexing semen causes 
a decrease in sperm concentration. In the swim‑up 
method, only motile sperm cells move to the upper 
level of the medium that causes lower sperm con‑
centration  [2]. Meanwhile, the Percoll gradient den‑
sity centrifugation generated reactive oxygen spe‑
cies  (ROS), impairing the structural and functional 
integrity of sperm cells, followed by mitochondrial 
and DNA damage, and finally, sperm death [4]. The 
decrease in sperm concentration was there because 
some populations of sperm were dead and remained 
in the bottom of the tube.

Some parameter results of this study were 
not following various previous reports that Percoll 
gradient treatment increases sperm motility [14], per‑
centage of cells with normal morphology  [19], and 
intactness of membrane [20]. This may be due to the 
fact that only Y‑bearing spermatozoa were harvested 
in this study. The Percoll density gradient centrifuga‑
tion differentiates sperm cells based on their density. 
After centrifugation, the highly motile, sperm morpho‑
logically normal, and viable sperm cells was formed 
a pellet at the bottom of the tube. The centrifugation 
in the Percoll density gradient centrifugation method 
caused a low percentage of sperm cell motility due to 
friction between the Percoll particles and the sperm 
cells, which damaged the sperm cell membrane. The 
sperm plasma membranes’ damage causes the meta‑
bolic process to be interfered so that the ATP of sperm 
cells is low [21].

Table-1: The Simmental bulls fresh semen quality (n=4 
ejaculates).

Parameters Mean±SD

Volume (mL) 6.88±0.23
pH 6.80±0.44
Sperm motility (%) 85.60±2.50
Sperm concentration (106/mL) 1862.2±95.09
Total number of spermatozoa/ejaculate 12331.71±872.11
Sperm viability sperm (%) 90.80±2.68
Sperm morphological defects (%) 7.80±1.30
Plasma membrane integrity (%) 82.80±2.68
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The sperm viability of the Percoll density gradi‑
ent centrifugation method was lower than those of the 
non‑sexed semen group. The dead sperm cells cannot 
migrate to the separating medium. Some immotile 
and morphologically abnormal live sperm cells also 
filtered through the separating medium, reducing the 
number of viable sperm cells [21].

The IPM of sperm was reduced in the Percoll den‑
sity gradient centrifugation group compared to the control 
group. This occurred due to mechanical friction between 
sperm cells’ membrane surface and the Percoll particles 
or tube walls during centrifugation. The friction caused 
deformation of the extracellular matrix, including changes 
in the membrane’s lipid composition, which was essen‑
tial to maintain permeability and fluidity of the sperm cell 
membrane [22]. The absence of seminal plasma caused 
the sperm cell plasma membrane to become less stable. 
Seminal plasma contains sodium, potassium, protein, 
ascorbic acid, and many nutrients. Ascorbic acid, an 
antioxidant, keeps the plasma membrane from oxidative 
phosphorylation [23]. Meanwhile, sodium and potassium 
ions in seminal plasma play a key role in sperm metabo‑
lism through the plasma membrane [24]. Protein in sem‑
inal plasma functions as a jacket to protect the plasma 
membrane, thereby retaining flexibility and preventing 
sperm cells from irreversible damage [25].

Sperm cell abnormalities in sexed semen using 
the Percoll density gradient centrifugation were 

higher than those of the swim‑up method due to dam‑
aged sperm cells’ membrane during the processes. 
The alterations in ion concentration damage the mor‑
phology of sperm cells. Furthermore, abnormal sperm 
cells can be caused by exposure to toxic substances, 
either from dead sperm cells or substances in diluents 
oxidized due to storage. In addition, high levels of 
free radicals cause damage to the sperm cell plasma 
membrane [12].

The swim‑up technique selects the most active 
and motile sperm cells [4]. This method is based on 
the swimming speed differences between X‑  and 
Y‑bearing sperm cells. The highly motile sperm cells 
migrate to the top of the medium. Swim‑up could 
effectively separate X‑  and Y‑bearing sperm cells 
of the Nili Ravi buffalo bull  [2]. The viability of 
sexed semen using the swim‑up method was higher 
than those of the non‑sexed group. Live sperm cells 
move out of the pellets to the medium’s surface, 
whereas dead sperm cells remain in the lower layer. 
The swim‑up method separates the living and highly 
motile sperm cells from dead, immotile, and abnormal 
sperm cells. Sexing sperm cells using the swim‑up 
method causes a low concentration of sperm cells 
because only motile sperm cells will be able to move 
upwards to the media’s surface. Sperm washing using 
the swim‑up method caused a decrease in sperm con‑
centration, increased sperm motility, and decreased 

Table-2: The comparison of Simmental bulls semen quality without and sexing semen (n=6 replicate).

Group Concentration Motility Viability IPM Abnormality

T0 1792.40±126.76a 84.20±1.92a 86.60±4.27b 81.80±2.58b 7.40±1.14b

T1 1507.80.2±86.09c 77.80±0.83b 80.80±1.64c 78.80±0.83c 8.80±1.05a

T2 1610.60±140.37b 75.40±3.84c 76.80±2.38d 73.60±3.64d 9.40±1.51a

T3 1265.8±127.01d 85.20±3.89a 88.20±2.38a 83.40±1.51a 6.20±1.30c

T0=Control group, T1 and T2 were sexed using Percoll medium of three and five gradient levels, T3=Swim‑up sexed 
semen. Different superscripts in the same column show a significant difference at P<0.05

Table-3: Quality and the number of motile post‑thawed sperm cells per straw of the sexed Simmental bull semen (n=6).

Group Motility Viability Plasma membrane 
 intactness

Abnormality Number of motile sperm 
 (×106)

T0 48.56±1.08a 52.19±2.91a 44.11±1.78a 12.79±1.18b 24.28±5.26
T1 44.52±0.79b 48.55±1.53b 42.48±1.26a 14.39±0.21a 22.26±3.58
T2 43.36±2.15b 46.12±1.77b 39.76±2.12b 15.19±1.63a 21.68±1.62
T3 49.14±2.76a 53.41±2.67a 45.20±2.45a 11.19±1.27b 24.57±3.42

T0=Control group, T1 and T2 were sexed using Percoll medium of three and five gradient levels, T3=Swim‑up sexed 
semen, different superscripts in the same column shows a significant difference at P<0.05.

Table-4: The pregnancy and sex ratio of the offspring.

Group n Pregnancy rate Calves gender Sex ratio

Male Female

T0 not delayed FTAI 50 100% (50/50) 24 26 52%a

T0 delayed FTAI 50* 96% (46/48) 31 15 67.39%a

T1 50 90% (45/50) 49** 2 96.08%b 
T3 25*** 92% (23/25) 23 0 100%b

Sex ratio=Is the percentage of male calves per calving. *Two of 50 cows were sold by the owner before inseminated, 
**there was a pair of twins, ***two of 25 cows failed to pregnant up to the second insemination. Different superscripts 
in the same column show a significant difference (p<0.05). FTAI=Fixed‑time artificial insemination
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abnormal sperm cells post‑swim‑up compared to 
sperm cells before swim‑up [26]. Several factors con‑
tribute to maintaining sperm cell motility; ATP is an 
energy source for sperm cells. The difference between 
Y‑  and X‑bearing sperm cells is their DNA content, 
which is responsible for differences in the expression 
of genes and proteins for specific sexes [27]. Toll‑like 
receptors 7/8  (TLR7/8), encoded by the X‑bearing 
chromosome, suppressed the motility of X‑bearing 
sperm cells without altering their fertilization abil‑
ity [3]. Unfortunately, the swim‑up method increased 
sperm cell DNA fragmentation to approximately 
40‑60%, which caused the lower conception [28].

The freezing and thawing process of semen 
decreased sperm cell motility, viability, and IPM and 
increased the percentage of abnormal sperm cells. 
During freezing, semen is exposed to cold shock and 
atmospheric oxygen, which causes higher ROS pro‑
duction [29]. The sperm cell plasma membrane is first 
affected by the freezing process. The sperm cell mem‑
brane consists of polyunsaturated fatty acids, which 
are susceptible to lipid peroxidation by ROS. Lipid 
peroxidation causes membrane integrity loss with 
increased permeability, reduced sperm viability, and 
motility. Sperm cells need a low dose of ROS for a 
physiologic role in tyrosine phosphorylation, sterol 
oxidation, and cholesterol efflux during capacitation 
and fertilization. High ROS levels will disrupt the 
electron transport chain flow, which results in elec‑
tron leakage in the mitochondria. The plasma mem‑
brane’s intactness is essential for sperm cells as it 
affects the metabolism associated with motility and 
viability  [30]. During thawing, sperm cells undergo 
extreme alterations in temperature and osmolarity. 
Osmotic changes caused damage to the lipid mem‑
brane structure [31]. The penetration rates, cleavage, 
and blastocyst formation were significantly improved 
and positively influenced by the intactness of sperm 
cell head membranes [19].

The pregnancy of the T0 delayed FTAI 
cows  (96.08%) was higher compared to a previ‑
ous study  (83.33%) for cows inseminated with the 
Simmental bull non‑sexed post‑thawed semen  [18]. 
This result was also higher than 40.1‑52.8% con‑
ception rates for post‑insemination using sexed 
semen  [32]. The dosage of sperm cells packaged in 
a straw for freezing ranged from 20[33] to 100 mil‑
lion [34]. In this study, the semen packaged 50 mil‑
lion sperm cells in a straw, which resulted in approxi‑
mately twice the final post‑thawed sperm cell motility 
of the 10 million as required. Altogether, the higher 
pregnancy percentage was due to a higher dose of 
motile sperm. However, several cows artificially 
inseminated with post‑thawed sexed semen failed to 
get pregnant. Sexed semen using centrifugation‑based 
methods affected DNA damage mediated to ROS pro‑
duction [4]. As well centrifugation‑based methods, the 
swim‑up method increased sperm cell DNA fragmen‑
tation which caused the lower conception  [28]. The 

addition of an antioxidant increased the quality and 
reduced DNA mutation of post‑thawed sperm  [35]. 
The lower the sperm DNA fragmentation resulted in 
a higher pregnancy rate [18].

Usually, the proportion of male and female off‑
spring is approximately 50% each because the popu‑
lation of sperm cells contains the Y chromosome or X 
chromosome in the same proportion  [3]. The sexing 
semen aims are to shift the ratio of X/Y‑bearing sperm 
cells as desired. The Percoll density gradient centrif‑
ugation method settled the X‑bearing sperm cells in 
the lower layer at 60.75%, while the Y‑bearing sperm 
cells were obtained at the upper  (supernatant)  [2]. 
The Percoll density gradient centrifugation shifted 
the ratio of X‑and Y‑bearing sperm cells to 28%:72%, 
respectively [36]. The Y‑bearing sperm cells swim‑up 
faster than the X‑bearing sperm cells [3]. Therefore, 
the swim‑up method is used to harvest the most motile 
sperm cells in the upper level of the medium [4]. Since 
the swim‑up method is more efficient for separating 
X and Y sperm cells  [2], we combined the enriched 
Y‑bearing sperm cells in the semen with delayed 
insemination to obtain more male calves.

Obtaining male calf offspring was conducted by 
giving a greater chance for Y‑bearing sperm to fertil‑
ize ovum than with X‑bearing sperm. This is based on 
the difference in swimming speed between Y‑bearing 
and X‑bearing sperm. Mitochondrial and glycolytic 
ATP production occurs regardless of TLR 7/8 ligand 
in the Y‑bearing sperm cell. In X‑bearing sperm cells, 
the activity of TLR8  suppressed mitochondrial ATP 
production, whereas TLR7 affects the phosphoryla‑
tion of NFκB and GSK3α/β but suppresses hexoki‑
nase activity. As a result, ATP production in X‑bearing 
sperm cells was lower due to the TLR7/8 ligand condi‑
tion. Based on this mechanism, Y‑bearing sperm cells 
showed a higher motility speed than X‑bearing sperm 
cells [3]. The vagina’s acidity during fertilization may 
influence the migration of X‑  and Y‑bearing sperm 
cells, leading to skewness in the sex offspring  [37]. 
The lowest intrauterine pH was at 8 h of estrus and 
increased 16‑24  h later  [38]. It was observed that 
an alkaline pH is more favorable for the survival of 
Y‑bearing sperm cells [39]. Furthermore, the delayed 
insemination 18‑20 h after estrus onset is expected to 
allow the Y‑bearing sperm cells to reach the site of 
fertilization, which has an alkaline pH. These observa‑
tions were used as a basis for delayed FTAI to obtain 
XY zygote.

The estrus expression is essential for conception 
rates. Estrus detection is accomplished using cow’s 
standing estrus [5]. Higher pregnancy rates to AI were 
obtained among cows that expressed estrus before 
AI  [40]. Ovulation occurs approximately 24‑32  h 
after the onset of standing estrus. The conception 
rates were similar between normal and sex‑sorted 
semen when estrus was expressed before FTAI [41]. 
This study used a portion of sexed semen presumed 
to contain more Y‑bearing sperm cells combined with 
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delaying FTAI to ensure more male offspring. The 
pregnancy rate of cows inseminated with sexed semen 
was not affected by delayed insemination of approx‑
imately 12 h [40]. The sperm cells move through the 
cervix and uterus to infiltrate the oviduct in numbers 
sufficient for oocyte fertilization in 6‑8 h. Ovulation 
occurs 25‑32  h after the onset of standing heat  [5]. 
Thus, within 18‑20 h plus 6–8 h of travel, the sperm 
cells with the fastest motility (Y‑bearing sperm cells) 
swim from the cervix to the fertilization site. This 
period coincides with ovulation so that a male calf is 
expected to be obtained. Sex selection has a signifi‑
cant economic impact on herd capacity in beef pro‑
duction. The accuracy of sex selection using AI with 
sexed semen exceeded 90% [32]. Spermatozoon is a 
male germ cell that carries the genetic information for 
determining the sex of the offspring [27].

This study is feasible in field conditions because 
the implementation of AI of this study was con‑
ducted in field conditions. The recipient cows of this 
study were owned by the farmers who were mem‑
bers of Gunungrejo Makmur Livestock Cooperative 
at Kedungpring, Lamongan District, East Jawa, 
Indonesia. Unfortunately, the sex ratio of spermato‑
zoa was not examined before and after the sexing pro‑
cess due to the limited time because this project must 
be completed in 1 year. Further research is needed to 
determine sperm sex ratio using polymerase chain 
reaction as reported by Khamlor et  al.[42] and its 
application in a larger recipient population.
Conclusion

The enriched Y‑bearing sperm using Percoll den‑
sity gradient centrifugation or swim‑up methods and 
the process of freeze‑thawing changed sperm motil‑
ity, viability, integrated plasma membrane, and sperm 
morphology. However, the quality of semen was still 
worth using for AI on recipient cows. The Percoll 
density gradient centrifugation and swim‑up method, 
combined with delayed FTAI, were prospective for 
harvesting the Y‑bearing sperm cells to obtain male 
offspring.
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