The dairy industry in India has long been a

cornerstone of the country’s agricultural
economy, providing livelihoods to millions of
farmers and contributing significantly to
national milk production. However, despite its
impressive growth, the sector faces several
challenges, including the overproduction of
low-value  male calves and  calving
complications. The advent of sex-sorted semen
technology offers a transformative solution,
allowing farmers to selectively breed for female
offspring, optimizing herd management, and
increasing milk production efficiency.

The Evolution of Sex-Sorted Semen
Technology

Artificial insemination (AI) has been a
game-changer in cattle breeding, enabling
farmers to enhance genetic traits and boost
productivity. However, traditional AI methods
still result in the birth of both male and female
calves, leading to inefficiencies in a milk-
focused dairy industry. Sex-sorted semen
technology, which allows for gender selection
before conception, has emerged as a
revolutionary advancement. Developed over
decades, this technique utilizes sophisticated
methods such as flow cytometry and
microfluidics to separate X- and Y-
chromosome-bearing sperm, increasing the
probability of obtaining desired offspring.

The journey of sex-sorted semen began with
early experiments in sperm differentiation,
where scientists recognized the unique
properties of X and Y chromosomes. Over time,
technological advancements, including DNA
staining and laser-based sorting, have led to
higher accuracy in sperm selection. Initially
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expensive and limited in availability, the
technology has gradually become more
accessible to farmers worldwide.

The Science Behind Sperm Sexing

Sex sorting of semen involves advanced
biotechnological procedures that selectively
separate sperm carrying the X chromosome
from those carrying the Y chromosome. The
key methods include:

1. Flow Cytometry-Based Sorting

¢ The most commonly used method in
commercial applications.

e Sperm are stained with a fluorescent dye
that binds to DNA.

e X-chromosome-bearing sperm have more
DNA and emit a stronger fluorescence
than Y-bearing sperm.

e A laser beam excites the stained sperm, and
the fluorescence intensity is measured.

e Based on intensity, sperm are charged
electrostatically and separated using a
magnetic field.

e The sorted sperm are then -collected,
processed, and frozen for artificial
insemination.

2. Microfluidics-Based Sorting

e A newer, non-invasive technique that
reduces stress on sperm.

e Utilizes a microfluidic chip with channels
that separate sperm based on size and
motility.
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e X-sperm, which are larger, move differently
through microfluidic channels than Y-
sperm.

e This method does not require staining,
reducing the risk of DNA damage.

w

. Immunological Sperm Sorting

e Uses antibodies that specifically bind to
surface proteins unique to Y-chromosome-
bearing sperm.

e The bound sperm are then separated using
magnetic or filtration methods.

e This method is still under research and is
not widely used commercially.

-

. Density Gradient Centrifugation

e Sperm are placed in a density gradient
solution and centrifuged.

e The denser X-bearing sperm settle at a
different level than Y-bearing sperm.

e This method is not as precise as flow
cytometry but is sometimes used in
preliminary sorting.

Commercial procedure for production of
Sex Sorting Semen

1. Collection of Semen: Fresh semen is
collected from bulls in specialized
laboratories.

2. Semen Processing: The semen is diluted
with an extender solution that maintains
sperm viability.

3. Staining: A fluorescent dye is added to
differentiate X and Y sperm.

4. Sorting: The sperm are passed through the
sorting apparatus (flow cytometer or
microfluidic device).

5. Collection and Freezing: The sorted
sperm are collected in separate containers
and frozen for later use.
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6. Quality Control: The sorted semen is
tested for motility, viability, and
contamination  before  distribution to
farmers.

These methods aim to reduce sperm damage,
improve conception rates, and lower costs,
making sexed semen more viable for
widespread use.

Benefits of Sex-Sorted Semen in Dairy
Farming

The adoption of sexed semen in dairy farming
presents several advantages:

¢ Increased Milk Production: Since
female cows are essential for milk
production, selectively breeding them helps
enhance productivity and profitability.

o Efficient Herd Management: Farmers
can maintain a balanced replacement rate by
ensuring the availability of high-quality
heifers.

¢ Reduction in Male Calf Surplus: The
excess of male calves, which have limited
utility in dairy farming, is reduced,
addressing ethical and economic concerns.

e Minimized Calving Complications:
Breeding more female calves can lower the
incidence of dystocia (difficult births),
leading to healthier herds and fewer
veterinary costs.

¢ Genetic Advancements: Over time,
selective breeding through sexed semen
contributes to a stronger, more productive
dairy population.

o Sustainability and Resource
Optimization: The ability to produce
desired offspring reduces the need for
excessive breeding and optimizes feed and
land resources.

Selection of Animals for Sexed Semen
Use
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The selection process should focus on young,
fertile animals—preferably cows in their first
three lactations or virgin heifers. Field
veterinarians ~ should  shortlist  potential
candidates by assessing their general health,
genetic merit, reproductive history, and
gynaecological  condition  through rectal
examination. Identification via ear tagging
should also be ensured. The following criteria
should be met:

1. The animal should have a natural estrous
cycle and have previously exhibited at least
one missed heat with a normal inter-oestrus
interval (20-21 days).

2. Sexed semen should be used only for the
first service, never beyond the second.

3. The animal must display clear and strong
heat signs.

4. 1t should have a healthy body condition and
be in a positive energy balance.

5. There should be no history of reproductive
issues like long calving intervals, repeat
breeding,  dystocia, retained  foetal
membranes, abortion, metritis, genital
infections, or other systemic diseases like
mastitis.

6. The cow should be free from lactation stress
and extreme weather stress.

7. It should be regularly supplemented with
minerals and dewormed at least three weeks
before insemination.

The Current Status of Sex-Sorted Semen
in India

India has gradually embraced sex-sorted semen
technology, with several government initiatives
and private companies promoting its adoption.
Currently, five major semen stations in the
country produce sexed semen, and its use is
gaining traction in states like Punjab, Haryana,
Kerala, and West Bengal. However, widespread
adoption is hindered by factors such as high
costs and slightly lower conception rates

Vet Vizion-the KCVAS e-Bulletin

vetvizion.in

compared to conventional semen.

The cost of sexed semen in India ranges from
INR 250 to 1,000 per dose, although
government subsidies have helped lower prices
for farmers. Despite these incentives, the
technology’s uptake remains limited due to
concerns over affordability and accessibility.

In addition to government programs,
international collaborations have played a
crucial role in bringing sex-sorted semen
technology to India. Companies specializing in
reproductive technologies have partnered with
Indian dairy cooperatives to improve the
availability and efficiency of sexed semen.

Challenges and Limitations

While sexed semen holds immense promise,
certain challenges hinder its widespread
adoption:

o High Costs: The expensive equipment and
processes involved in sex sorting make the
technology costlier than conventional Al.

¢ Reduced Conception Rates: Studies
indicate that conception rates with sexed
semen are approximately 10-15% lower
than those with unsexed semen, particularly
in suboptimal farming conditions.

e Sperm Damage Risks: The sorting
process, especially flow cytometry, can
potentially damage sperm cells, leading to
lower fertility.

o Technical Expertise: Handling sexed
semen requires specialized training, and any
mishandling can negatively impact success
rates.

o Limited Awareness and Training:
Many farmers are unaware of the benefits
and proper utilization of  sexed
semen,necessitating extensive training and
education programs.

Strategies for Improving Efficiency
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To maximize the success of sexed semen,
researchers and farmers are exploring various
strategies, including:

e Synchronization Programs: Enhancing
fertility through hormonal treatments and
estrus synchronization can significantly
boost pregnancy rates.

o Improved Handling and Storage:
Maintaining optimal storage conditions and
precise Al techniques can mitigate sperm
damage.

e Advancements in Sorting Technology:

Innovations  in  microfluidics  and
immunological sorting are being explored
to make the process more efficient and cost-

effective.

e Farmer Training Programs: Providing
hands-on training and demonstrations on
the correct use of sexed semen can improve
outcomes and encourage adoption.

Government Initiatives and Future
Prospects

The Indian government has taken proactive
measures to promote sexed semen technology.
The Rashtriya Gokul Mission, for instance,
aims to enhance indigenous cattle breeds by
supporting the production of sex-sorted semen.
Under this initiative, millions of doses of sexed
semen have been produced at subsidized rates,
benefiting dairy farmers across the country.

Looking ahead, the future of sexed semen in
India appears promising. With ongoing research
and technological advancements, the cost-
effectiveness and success rates of sex-sorted Al
are expected to improve. Expanding the
availability of semen stations, integrating Al
training programs for farmers, and enhancing
public-private partnerships will be crucial in
scaling up the adoption of this revolutionary
technology.
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Conclusion

Sex-sorted semen is assured to transform the
Indian dairy industry by optimizing milk
production, reducing the surplus of unwanted
male calves, and enhancing genetic selection.
While challenges such as high cost and low
conception rates, continuous improvements in
technology and government support offer hope
for widespread adoption. By integrating sexed
semen with strategic breeding programs, Indian
dairy farmers can ensure a more productive and
sustainable future for the industry.

As awareness grows and technological
improvements continue, sex-sorted semen will
likely become an essential tool in modern dairy
farming. Farmers who accept this technology
stand to gain significant economic and
operational advantages, ultimately contributing

to a more robust and resilient dairy sector in
India.
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