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ndia proudly holds the title of the world’s largest milk producer, contributing over 220

million tonnes of milk annually. Yet, many dairy farmers continue to struggle with low
profits. The main reasons are high feed costs, shortage of green fodder, limited land, and the
burden of raising unwanted male calves that bring little or no income. Imagine if farmers
could ensure that most calves born on their farms were female—the real milk producers.
That’s exactly what semen sexing technology offers. By using “sexed semen” from elite
bulls, farmers can predetermine the calf’s gender, ensuring that a majority of births result in
female calves. This not only increases milk production but also reduces the cost of rearing
unproductive males.

How does semen sexing work?

Semen contains two types of sperm cells: X-bearing sperm, which produces female calves,
and Y-bearing sperm, which produces male calves. The challenge is to separate these two
types before insemination. Over the years, scientists have tried several ways to do this—using
differences in sperm size, weight, or swimming ability—but the results were inconsistent.
The real breakthrough came with flow cytometry, also called Fluorescence-Activated Cell
Sorting (FACS). This advanced technique separates sperm based on DNA content. Since the
X-sperm carries about 4% more DNA than the Y-sperm, the difference can be detected using
fluorescent dye and a laser beam. The sperm are then sorted into male- or female-bearing
groups with more than 90% accuracy.

The limitations of flow cytometry

Although FACS-based sexing is highly accurate, it is also expensive and time-consuming.
The process requires sophisticated equipment, trained technicians, and involves high
operating costs. In addition, sperm exposed to fluorescent dyes and laser light can become
damaged, resulting in lower conception rates after insemination. For Indian dairy farmers—
especially smallholders—this technology is often too costly to be practical. This has pushed
researchers to look for simpler, cheaper, and more farmer-friendly alternatives.

The promise of immunological sex sorting

A new and exciting approach is immunological sperm sexing. Instead of using lasers and
dyes, this technique relies on the natural differences in surface proteins found on X and Y
sperm. Scientists develop antibodies that recognize and bind specifically to these proteins.
When attached to magnetic beads or gel particles, these antibodies can trap either the male or
the female sperm—allowing the other type to be easily collected. This process is faster,
cheaper, and gentler—it causes less stress and damage to sperm, improving fertility rates. In
short, immunological sorting could make sexed semen technology much more accessible to
farmers in developing countries like India.
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What makes immunological sorting possible?

The key to this technique lies in identifying unique proteins that are present only on X or Y
sperm. Several research groups worldwide have been working to map these molecular
differences. Scientists have identified proteins such as FUNDC2, NDUFS7, COX2 (more
common in X-sperm) and EFHC1, PDHX (more common in Y-sperm). Recently, two surface
proteins—CLRN3 (on X-sperm) and SCAMP1 (on Y-sperm)—were highlighted as strong
candidates for antibody-based sorting. Experiments using antibodies against SRY, a Y-
chromosome-—specific gene, have successfully separated Y-bearing sperm in cattle.

Research efforts in India

Indian scientists have also begun contributing to this field. Researchers at the ICAR—National
Dairy Research Institute (NDRI), Karnal, and NDRI-SRS, Bangalore, have carried out
detailed proteomic studies to identify proteins that differ between X and Y sperm in
indigenous cattle breeds. One team at NDRI-SRS developed an immunological method that
could enrich female (X-bearing) sperm up to 70%, a promising first step toward low-cost
semen sexing technology suited for Indian conditions.

Global progress

Around the world, researchers have reported several advances. Iranian scientists used
antibodies against the SRY protein to successfully bind Y-sperm in cattle. Others developed
similar methods using monoclonal antibodies that can selectively attach to either male or
female sperm. While these results are encouraging, sperm motility sometimes decreases after
antibody treatment, showing that more refinement is still needed.

Prospects of sex-sorted semen

If perfected, immunological sex sorting could transform dairy farming in India. Farmers
would have access to affordable sexed semen, leading to more female calves, better milk
yields, reduced waste of feed and resources, and a decline in the stray cattle problem. While
flow cytometry remains the global standard today, immunological sexing offers a simpler,
scalable, and farmer-friendly alternative for the near future. Continued research and field
validation could soon make this technology a true boon to the dairy industry.
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