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Abstract

Early pregnancy diagnosis is vital for improving reproductive efficiency and profitability in
buffalo-based dairy farming. Traditional methods such as estrus observation and rectal palpation
have limitations in accuracy, while ultrasonography offers reliable detection but requires
specialized equipment and expertise. Recent advances in biomarker-based diagnostics, including
progesterone, Pregnancy-Associated Glycoproteins (PAGs), and Interferon-tau (IFN-t), have
enabled earlier and more accurate pregnancy detection. Emerging technologies such as omics,
artificial intelligence, biosensors, and microfluidic Lab-on-a-Chip systems are further
transforming reproductive diagnostics by providing rapid, sensitive, and field-friendly testing
solutions. The integration of these innovations promises affordable, on-farm pregnancy
detection, leading to improved reproductive management, enhanced milk production, and
sustainable growth of the dairy sector.

1. Introduction and Economic Importance 2. Traditional vs. Modern Diagnostic
India is the global leader in milk Methods

production, a feat largely driven by its robust a. Estrus  Observation &  Rectal

buffalo population. A massive share of the Palpation

country's total milk yield comes from buffaloes,
sustaining the livelihoods of millions of small
and marginal farmers. To keep dairy operations
economically viable, timely conception and
early pregnancy detection in buffaloes are
paramount. If pregnancy status is confirmed
shortly after artificial insemination (Al), farmers
can better manage the animal’s nutritional intake
and healthcare. On the other hand, if the animal
has failed to conceive, detecting it early
prevents unnecessary open days and cuts down
breeding costs.

Historically, farmers relied on monitoring the
return to estrus to guess pregnancy status. If an
animal did not exhibit signs of heat 18 to 24
days post-insemination, it was assumed
pregnant. However, buffaloes frequently exhibit
"silent heat"—where typical behavioral signs
are absent—making this method highly
unreliable.

Later, rectal palpation became the standard
practice. This method requires a trained
veterinarian to manually check the uterus via the
rectum. While affordable, it depends heavily on
the vet's experience, and dependable results are
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usually achieved only 35 to 45 days post-
breeding.
b. Ultrasonography

In modern veterinary medicine,
ultrasonography has revolutionized pregnancy
detection, making it far more accurate and
efficient. Using ultrasound, an embryo and its
heartbeat can be visualized as early as 25 to 30
days post-insemination. Additionally, this
technology helps identify early embryonic
mortality, twin pregnancies, and various
reproductive disorders. However, ultrasound
machines are expensive and require specialized
training to operate, limiting their availability in
remote rural areas.
3. The Rise of Biomarker-Based Diagnostics
i. Progesterone Testing

Current research focuses heavily on
identifying specific biomarkers that appear in
the maternal system during the earliest days of
gestation. Progesterone is a key hormone
responsible for maintaining pregnancy. While
measuring its levels in blood or milk can help
estimate pregnancy status, progesterone levels
can also rise due to certain ovarian disorders or
prolonged luteal phases. Consequently, it cannot
be used as a standalone definitive indicator for
pregnancy confirmation.

ii.  Pregnancy-Associated
(PAGS)

Another highly dependable biomarker
group consists of  Pregnancy-Associated
Glycoproteins (PAGs). These proteins are
synthesized by the developing placenta and shed
into the maternal bloodstream. Testing for
PAGs around day 28 post-insemination offers
highly accurate results. Currently, several
commercial PAG-based diagnostic kits are
available, serving as valuable tools for both
farmers and veterinarians.

iii. Interferon-tau (IFN—7)

Recently, the protein Interferon-tau (IFN—t) has
gained significant scientific attention. Secreted
by the conceptus during the very early days of
development, its primary function is to signal
the mother's body that a pregnancy has been

Glycoproteins

established. This signal prevents the regression
of the corpus luteum, ensuring continuous
progesterone secretion. Because IFN-t is
produced during the ultra-early stages of
gestation, scientists view it as a highly
promising marker for next-generation early
pregnancy detection tests.

4. Next-Generation Technologies: Omics, Al,
and Microfluidics

I. Omics and Artificial Intelligence

With advancements in molecular biology,
advanced  techniques  like  proteomics,
metabolomics, genomics, and transcriptomics
are being deployed. These methods allow
researchers to study thousands of proteins,
genes, and metabolites simultaneously, mapping
out subtle biological shifts during early
pregnancy. Concurrently, artificial intelligence
is being utilized to analyze these massive
datasets to pinpoint highly sensitive and specific
biomolecules.

I1. Biosensors and "'Lab-on-a-Chip"* Systems
To make biomarker testing faster and simpler,
researchers are  developing  cutting-edge
biosensors. These compact devices can identify
specific biomarkers within minutes using a tiny
droplet of blood, serum, or milk. Depending on
their design, they function via electrochemical
changes, optical signals, or colorimetric shifts
(changing color based on the result).

One of the most revolutionary innovations in
this domain is microfluidics, often called *"Lab-
on-a-Chip" technology:

e Mechanism: A tiny chip embedded with
microscopic channels guides a minute
volume of milk or blood.

o Reaction: The sample flows across
specialized antibodies or sensitive
molecules designed to capture specific
target proteins like PAGs.

e Output: If the biomarker is present, a
rapid chemical reaction triggers a color
change or an electrical signal within
minutes.

o Benefits: This setup requires minimal
sample volumes, reduces chemical
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waste, cuts down processing times, and ensures
high precision. Furthermore hese chips can
be linked to smartphones or handheld
readers, bringing instant diagnostic power
to rural areas.

5. Future Prospects

The future of dairy diagnostics lies in
combining recombinant proteins,
nanotechnology, biosensors, artificial
intelligence, and microfluidics into a single,
cohesive handheld device. Such an innovation
would allow farmers and veterinarians to test
animals directly at the cowshed, delivering
results within minutes and completely bypassing
the need for centralized laboratories.

Ultimately, early pregnancy diagnosis in
buffaloes is no longer just a routine herd-
management chore; it is the cornerstone of
modern, scientific, and profitable dairy farming.
By adopting these emerging tools, farmers can
make swift, data-driven decisions improving
reproductive efficiency, boosting milk yields,
and driving overall rural economic growth.
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