ATHEWS

5]

Editorial Article

Mathews Journal of Veterinary Science

Use of Sexed and Conventional Semen in Dairy Animals

Ghulam Rasool Bhat'*, Rashid Lateef Dar?

1Assistant Professor, Veterinary Clinical Complex FVSc AH, SKUAST- Kashmir, India

2PhD Scholar, Animal Reproduction, Gynecology & Obstetrics FVSc AH, SKUAST- Kashmir, India

ABSTRACT

The use of sexed semen has become an important reproductive
biotechnology in the dairy industry, allowing producers to predetermine
the sex of offspring and increase the production of female calves for herd
replacement and genetic improvement. Sex-sorting technologies utilize
physical and biochemical differences between X- and Y-chromosome-
bearing sperm, such as variations in size, motility, surface proteins, and
electrical charge, with flow cytometry being the most reliable method,
achieving about 90% accuracy. However, sexed semen has certain
limitations, including lower sperm concentration per insemination
dose, reduced sperm lifespan, and lower conception rates compared to
conventional semen. The sorting process may also cause physiological and
molecular stress to sperm due to staining, laser exposure, and mechanical
forces, potentially affecting membrane integrity, mitochondrial function,
and DNA stability. Despite these challenges, improved estrus detection,
precise timing of artificial insemination, hormone supplementation,
and optimized sperm doses can enhance fertility outcomes. Overall,
sexed semen offers significant benefits for dairy breeding by increasing
the proportion of female offspring, improving genetic progress, and
enhancing herd productivity.
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INTRODUCTION

Artificial insemination (AI) has been the most successful breeding
technique in accelerating genetic gains, increasing productivity
and reducing diseases of livestock [1,2]. Breeding methods evolved
consistently over time and currently Al with sexed semen has become
an essential reproductive technology in the dairy industry, as it allows
control over the sex ratio of offspring. This assisted reproductive
technology acts based on the inherent difference in DNA content of X and
Y bearing sperms. Obtaining an ideal proportion of males and females
using sex sorted semen could improve productive efficiency. Moreover,
efficient selection of superior replacement heifers would be possible
after the use of sex sorted semen [3]. In addition, more efficient progeny
testing programmes, MOET (multiple ovulation and embryo transfer)
and IVP (in vitro embryo production) are expected from the use of sex
sorted semen [4]. Consequently, the ability to predetermine the sex of
offspring promotes the efficient production of females and enhances
profit margins in dairy operations.
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METHODS OF SPERM SEXING

Traditional sperm sexing techniques rely on physical and
biochemical differences between X- and Y-chromosome-
bearing sperm. One such method utilizes a gradient solution
to separate sperm based on swimming ability. Since Y-bearing
sperm are generally smaller and more motile, they migrate
faster through the gradient than X-bearing sperm, resulting
in two enriched fractions with an approximate accuracy
of 75% [5]. Immunological methods, particularly those
targeting surface antigens like H-Y, have been extensively
researched for sorting X and Y sperm, but their reported
efficiency and ability to specifically separate Y-bearing
sperm are inconsistent across studies [6]. Additionally,
free-flow electrophoresis distinguishes sperm according
to their surface electrical charge, where X-bearing sperm
exhibit a more negative charge and Y-bearing sperm a
relatively positive charge. These variations in surface charge
enable sperm separation when subjected to an electric
field, achieving a reported success rate of around 81% [7].
Differences in size are also exploited, as Y-bearing sperm are
typically smaller than X-bearing sperm. Several techniques
have been developed to sort sperm based on these size
disparities, though their efficiency varies. Real-time PCR can
also be used to evaluate the effectiveness of sperm sexing by
amplifying Y-chromosome-specific DNA sequences, such as
the SRY gene, to determine the proportion of Y-bearing sperm
within a sample [8]. Despite these methods, distinguishing X
and Y sperm based solely on physical traits like weight, size,
or density remains difficult due to the minimal variations
between them. Sperm sorting using flow cytometry remains
the most reliable method for selecting X-chromosome-
bearing sperm. This technique relies on staining sperm DNA
with a nucleic acid-specific fluorescent dye, Hoechst 33342,
which allows differentiation between X- and Y-bearing sperm
based on their DNA content. The stained sperm are then
passed through a specialized flow cytometer for sorting, after
which they are collected in supportive media, concentrated,
and cryopreserved in sufficient numbers for use in artificial
insemination or in vitro fertilization, depending on the
species [9].

Comparison Between Sexed and Conventional Semen

Sperm sorting using flow cytometry achieves approximately
90% accuracy, however, it may adversely affect sperm
viability [10]. Additionally, lower number of spermatozoa
can be packaged into each sexed-semen straw. As a result,
the conception rate after artificial insemination (Al) using
sexed semen is lower and is about 70-80% of that achieved
with conventional semen in heifers and cows [11]. Owing to
this reduced efficiency, the use of sexed semen is primarily
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of nulliparous heifers, as they generally exhibit higher
conception rates [12]. Moreover, because of the lower
conception rates, sexed semen is commonly used in fertile
females that show clear estrus signs and possess desirable
genetic traits for breeding [13].

Sexed semen generally exhibits a shorter lifespan within the
female reproductive tract and contains fewer spermatozoa
per insemination dose compared to conventional semen.
Furthermore, embryos produced from sexed semen show
reduced developmental competence relative to those
derived from conventional semen, both under in vivo and
in vitro conditions. Consequently, artificial insemination
using sexed semen demands more accurate timing and
meticulous handling to achieve optimal fertility outcomes.
Sex-sorting technologies, particularly flow cytometry, face
several practical constraints. These systems are highly
expensive and operate with relatively low sorting efficiency
and speed. Skilled and trained personnel are essential for
handling the equipment, as even minor mishandling can lead
to significant sperm damage. Additionally, in flow cytometry,
there is unavoidable loss of approximately 50% of sperm
during sorting and it often reduces the freezing potential and
post-thaw viability of sorted spermatozoa [14].

The use of sexed semen is considerably more costly than
conventional semen due to the high operational expenses
and inclusion of intellectual property rights. Moreover,
conception rates achieved with sexed semen are typically
10-15% lower, in some finding more decrease has been
observed, than those obtained with conventional semen.
This is a critical limitation, especially in the countries where
artificial insemination covers breedable population [15].
Reduced sperm concentration per dose, as sexed semen
generally contains only 2-4 million spermatozoa per straw
[16] compared to approximately 20 million in conventional
semen, also decreases the conception rates in dairy herds
[11].

Physiological and Molecular Damage During Sex-Sorting

Several studies have investigated the impact of sex-sorting
procedures on sperm membrane integrity and function. It
has been speculated that the transfer of molecular energy
from DNA to fluorochromes during the staining process
can induce chromatin decondensation, potentially affecting
the genetic material of sperm. The extent of this damage
largely depends on chromatin stability, and the use of high
dye concentrations during sorting has been associated
with adverse effects on sperm motility parameters [17].
Research on animal models has also shown that exposure
to fluorescent dyes can disrupt heat shock proteins such as
HSP70, leading to alterations in sperm membrane properties
resembling capacitation-like changes [18].
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The staining and incubation steps involved in sperm sex-
sorting procedures may cause DNA damage, raising concerns
about the genetic integrity of the processed sperm. Factors
such as sorting pressure and speed can also influence sperm
quality even before capacitation, highlighting the importance
of maintaining precise control over sorting conditions.
Additionally, exposure to UV-laser light during sorting has
been shown to induce notable DNA damage, potentially
compromising the genetic quality of sorted spermatozoa
[19].

Furthermore, the electrical charging and electrostatic
deviation applied during sorting can disrupt sperm
membrane stability, particularly in the mid-piece and tail
regions, leading to depolarization. This depolarization
can reduce mitochondrial activity, primarily due to the
generation of reactive oxygen species (ROS) under electric
stress. Elevated ROS levels in seminal plasma are known
to cause oxidative damage to sperm DNA, further affecting
genetic viability [15]. Spermatozoa with compromised
DNA integrity may also compete with healthy ones during
fertilization, potentially reducing embryo viability in assisted
reproduction [20].

Strategies to improve fertility of sexed semen

The success of achieving pregnancy following artificial
insemination (Al), whether using conventional or sex-sorted
semen, depends on multiple factors. These include the
number of spermatozoa per straw, semen quality, the site of
semen deposition, and the timing of insemination relative
to the estrous cycle. Efforts to enhance fertility through the
administration of exogenous gonadotrophins, either at the
onset of estrus or at the time of insemination, have shown
some promise, although results have been variable [21].
Therefore, strategies such as hormone supplementation,
improved estrus detection, and precise timing of Al may
significantly enhance the effectiveness of sexed semen in
dairy breeding programs.

Increasing the number of sperm per insemination dose has
been identified as another approach to improving fertility,
suggesting that higher insemination doses can increase the
likelihood of conception [22]. Additionally, the integration of
estrus synchronization programs with Al has proven to be
an effective method for improving fertility by optimizing the
timing and coordination of insemination procedures [23].
Some researchers have investigated strategies to minimize
this potential damage, including one effective method
involving the use of SYBR14/propidium iodide staining,
which has been shown to cause significantly less harm
than conventional Hoechst 33342 staining [24]. Reducing
the sorting pressure from 50 psi to 40 psi has also been

associated with improved sperm quality in both bulls and
stallions [25]. Similarly, employing UV lasers equipped with
argon or solid-state sources can help minimize cellular
damage during sorting [26,27].

CONCLUSION

Sexed semen represents a transformative tool in dairy herd
management, enabling increased proportion of female
offspring for milk production, replacement stock generation,
enhanced genetic gain and productivity. However, its
widespread adoption is constrained by reduced fertility,
high costs, and technical limitations associated with
sperm sorting. Strategic use in genetically superior and
reproductively sound females, along with advancements in
sorting technologies and fertility-enhancing protocols, can
significantly improve outcomes. Future integration with
genomic selection and precision reproductive management
is expected to further enhance its efficiency and applicability
in dairy production systems.

REFERENCES

1. Zuidema D, Kerns K, Sutovsky P. An Exploration of Current
and Perspective Semen Analysis and Sperm Selection for
Livestock Artificial Insemination. Animals (Basel). 2021
Dec 15;11(12):3563.

2. Upadhyay VR, Ramesh V, Dewry RK, Yadav DK, Ponraj
P. (2022). Bimodal interplay of reactive oxygen and
nitrogen species in physiology and pathophysiology of
bovine sperm function. Theriogenology. 187:82-94.

3. Seidel GE Jr, DeJarnette JM. (2022). Applications and
world-wide use of sexed semen in cattle. Anim Reprod
Sci. 246:106841.

4. De Vries A, Overton M, Fetrow ], Leslie K, Eicker S, Rogers
G. (2008). Exploring the impact of sexed semen on the
structure of the dairy industry. ] Dairy Sci. 91(2):847-
856.

5. Sa Filho SF, Ayres MF, Ferreira H, Nichi RM, Fosado M,
Filho C, et al. (2010). Strategies to improve pregnancy
per insemination using sex-sorted semen in dairy heifers
detected in estrus. Theriogenology. 74(9):1636-1642.

6. Prasad S, Rangasamy S, Satheshkumar SJVW. (2010).
Sex preselection in domestic animals-current status and
future prospects. Veterinary World. 3(7):346-348.

7. Ngcobo ]JN, Nedambale TL, Sithole SM, Mtileni B, Mpofu
TJ], Ramukhithi FV, et al. (2024). A systematic review
on the prospects of X- and Y-sexed semen in ruminant
livestock: implications for conservation, a South African
perspective. Front Vet Sci. 11:1384768.

]

https://doi.org/10.30654/MJVS.10108



ISSN: 2572-6579

Mathews Journal of Veterinary Science

8. Parati K, Bongioni G, Aleandri R, Galli A. (2006). Sex ratio
determination in bovine semen: A new approach by
quantitative real-time PCR. Theriogenology. 66(9):2202-
2209.

9. Garner DL, Evans KM, Seidel GE. (2013). Sex-sorting
sperm using flow cytometry/cell sorting. Methods Mol
Biol. 927:279-295.

10. Norman HD, Hutchison JL, Miller RH. (2010). Use of sexed
semen and its effect on conception rate, calf sex, dystocia,
and stillbirth of Holsteins in the United States. ] Dairy Sci.
93:3880e90.

11.Healy AA, House JK, Thomson PC. (2013). Artificial
insemination field data on the use of sexed and
conventional semen in nulliparous Holstein heifers. ]
Dairy Sci. 96:1905e14.

12. Lauber MR, Pefiagaricano F, Fourdraine RH, ClayJS, Fricke
PM. (2023). Characterization of semen type prevalence
and allocation in Holstein and Jersey females in the
United States. ] Dairy Sci. 106(5):3748-3760.

13. DeJarnette JM, Nebel RL, Marshall CE. (2009). Evaluating
the success of sex-sorted semen in US dairy herds from
on farm records. Theriogenology. 71(1):49-58.

14.Naniwa Y, Kinukawa M, Uchiyama K. (2026). Current
status and advances in bovine semen production

technologies for artificial insemination in Japan. ] Reprod
Dev. DOI: 10.1262/jrd.2025-141.

15. Sharma R, Khan MH, Patra MK, Kumar B, Bajia NP, Reddy
AL, etal. (2024). Status and prospects of sex sorted semen
in India. International Journal of Veterinary Sciences and
Animal Husbandry. 9(5):39-47.

16. Garner DL, Seidel GEJr.(2008). History of commercializing
sexed semen for cattle. Theriogenology. 69(7):886-895.

17.Gosalvez ], Ramirez MA, Lépez-Fernandez C, Crespo
F, Evans KM, Kjelland ME, et al. (2011). Sex-sorted
bovine spermatozoa and DNA damage: 1. Static features.
Theriogenology. 75(2):197-205.

18. Marinaro JA, Schlegel PN. (2023). Sperm DNA Damage
and Its Relevance in Fertility Treatment: A Review of

Recent Literature and Current Practice Guidelines. Int ]
Mol Sci. 24(2):1446.

19. Stefanyk V, Kostyschyn Y, Kava S, Katsaraba O, Ivakhiv M.
(2025). Biotechnological methods for sorting sperm by
sex. Scientific Messenger of LNU of Veterinary Medicine
and Biotechnologies. Series:

27(119);138-148.

Veterinary Sciences.

20. Alvarez Sedé C, Bilinski M, Lorenzi D, Uriondo H, Noblia
F, Longobucco V, et al. (2017). Effect of sperm DNA
fragmentation on embryo development: clinical and
biological aspects. JBRA Assist Reprod. 21(4):343-350.

21.Uddin AM, Petrovski KR, Song Y, Garg S, Kirkwood RN.
(2023). Application of exogenous GnRH in food animal
production. Animals. 13(12):1891.

22.Hanif MZ, Utami P, Prafitri R, Hanim C, Susilawati T.
(2022).Role of high quality feed supplement additional to
the success of artificial insemination using sexing semen
on Limousin Crossbred Cow. In E3S Web of Conferences.
EDP Sciences. Vol. 335. pp. 00032.

23. Ayantoye JO, Kolachi HA, Zhang X, Shahzad M, Kandil
OMT, Wan P, et al. (2025). Advances in Timed Artificial
Insemination: Integrating Omics Technologies for

Enhanced Reproductive Efficiency in Dairy Cattle.

Animals (Basel). 15(6):816.

24.Johnson LA, Maxwell WMC, Dobrinsky JR, Welch
GR. (1995). Staining sperm for viability assessment.
Reproduction in Domestic Animals. 31(1):37-47.

25.Suh TK, Schenk JL, Seidel GE Jr. (2005). High pressure
flow cytometric sorting damages sperm. Theriogenology.
64(5):1035-1048.

26.Voronin DV, Kozlova AA, Verkhovskii RA, Ermakov AV,
Makarkin MA, Inozemtseva OA, et al. (2020). Detection
of Rare Objects by Flow Cytometry: Imaging, Cell Sorting,
and Deep Learning Approaches. Int] Mol Sci. 21(7):2323.

27.Bai L, Zhao Y, Zhou Y, Song Y, Xiao H, Zhao G, Wang Z, Li
X. (2025). Advances in immunological sorting of X and
Y chromosome-bearing sperm: from proteome to sex-
specific proteins. Front Vet Sci. 12:1523491.

https://doi.org/10.30654/MJVS.10108



	Title
	Corresponding Author

	ABSTRACT
	Keywords

	INTRODUCTION
	METHODS OF SPERM SEXING
	Comparison Between Sexed and Conventional Semen
	Physiological and Molecular Damage During Sex-Sorting
	Strategies to improve fertility of sexed semen

	CONCLUSION
	REFERENCES

