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Introduction wiAY ‘7.7'1
The production of safe and high-quality animal food products = ‘, '

‘ l

depends not only on feeding and management but also on the genetic ¢ \ .
potential of livestock populations. In small ruminants, the selection of = "
breeding males plays a critical role in the “farm-to-fork” food quality N
concept. Semen quality Is therefore a key Indicator of reproductive @'~
capacity and indirectly influences the biological value and safety of food | | ©
products(Bachev & Terziev, 2017, Teixeira et al., 2020). Important semen
parameters include:
= Ejaculate volume;
= Sperm concentration; " ..
= Total motility; WA
= Progressive motility.

Sheep farming Is an important agricultural sector in Bulgaria, yet
recent statistics show a decline in the sheep population, raising concerns
about the sustainability of production systems. Modern reproductive
technologies are therefore needed to optimize reproduction and improve

genetic progress(Ministry of Agriculture, Food and Forestry, 2025).
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Figure 1. Number of livestock heads (sheep) for the period 2020 —
2024 according to data from the Ministry of Agriculture, Food and
Forestry (2025), indicating a declining trend in the total sheep
population in Bulgaria “\
e
Sperm Sexing — A Technological Approach Contributing to Meat Quality |
Sperm cells carry either an X or Y chromosome, determining the sex of offspring.
Technologies for sperm sexing allow the selection of sperm with a specific sex
chromosome, enabling control over offspring sex ratio (Chen et al., 2025). Benefits
Include:
» Improved production planning;
» Increased economic efficiency;
» Better resource allocation in farms;
» Genetic Improvement of livestock populations (Diers et al., 2020).
In sheep production systems, sperm sexing can support both meat-oriented
production (male offspring) and dairy systems (female offspring).

Materials and Methods

The study used semen samples from clinically healthy breeding rams (Ovis
aries) raised In farms in the Sofia region. Sperm quality was evaluated using
Sperm Class Analyzer (CASA) software. Main parameters measured:

« Concentration;

« Total motility;

* Progressive motility;

 VCL - curvilinear velocity;
VAP — average path velocity;
« VSL - straight-line velocity;

Sperm sexing was performed using modified multilayer Percoll density
gradient centrifugation method was applied (Yekti et al., 2024). Samples were
divided Into three groups: Control (untreated semen), RX — fraction enriched
with X-bearing sperm, RY — fraction enriched with Y-bearing sperm. The
process employed a five-layer gradient (20% to 60% density) arranged In
descending order in Pyrex tubes. Separation was achieved by centrifugation at
2200 rpm for 5 minutes at 4°C, followed by washing of the isolated fractions.
The resulting RX and RY fractions were subsequently re-analyzed using CASA
to assess changes in sperm kinetics.
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Figure 2. Experimental protocol for the separation of X- and Y-bearing
spermatozoa using a multi-layer Percoll density gradient (Created in
https://BioRender.com)

Comparative analysis showed clear differences between control semen
and separated fractions.
Key findings:
» Native semen had significantly higher sperm concentration;
» Total motility decreased considerably after separation;
» Progressive motility showed the strongest reduction.
The RY fraction preserved progressive motility better than RX.
Kinematic parameters (VCL, VAP, VSL) also decreased after the Percoll
separation process, indicating an effect of the technological procedure on
sperm function.

Table 1. Sperm parameter values in the three studied groups (mean + SD)

Control group
Parameter RX group (n=9) | RY group (n=9)
(n=9)
Concentration (M/mL) | 1582.73+182.392 314.79+33.67° | 219.81+74.12P
Total motility (%) 07.70+1.242 50.224+9.85b 47.11+11.40°
Progressive motility (%) 36.09+4.682 4.71+0.50¢ 12.5442 47"
VCL (um/s) 62.63+4.412 28.64+2.76° 32.37+6.31P
VAP (um/s) 32.13+2.472 13.71+£2.25P 15.28+4.14°
VVSL (um/s) 17.31+1.232 9.554+3.07P 13.87+5.40P

Legend: Different superscript letters (a, b, ¢) within the same row indicate statistically significant
differences (P<0.05)

The use of sexed semen enables precise control of offspring sex ratio and
Improves the management of livestock production systems (Holden & Butler,
2018). In meat-oriented farms, the generation of male animals enhances growth
performance, feed efficiency, and carcass yield, while In dairy systems the
oroduction of female offspring supports herd renewal and increases milk
oroduction potential (Prache et al., 2022). Additionally, improved reproductive
management contributes to better animal health and reduces the need for
veterinary treatments, lowering the risk of antibiotic residues in animal products
and supporting food safety standards (Krupova et al., 2013).

In conclusion, the present study highlights the importance of semen
quality and the application of sperm separation technologies as
determinants of the future development of the sheep breeding
sector. Integrating modern methods for semen evaluation and sexing
in small ruminants is identified as a key factor for the sector’s
advancement. By enabling targeted management of population sex
composition, it is possible to achieve not only economic efficiency
but also predictable raw material quality, which is fundamental for
ensuring safety throughout the entire food chain.
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