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Extended Abstract

Background: Over the past two decades, there has been a growing body of research on the effects
of nanoparticles on semen parameters. Nanoparticles are molecules with dimensions ranging from
1 to 100 nanometers. Due to their unique properties, nanoparticles have attracted significant
attention in biotechnology, medicine, animal reproduction, and veterinary sciences. Their high
surface area-to-volume ratio increases reactivity and enhances their ability to penetrate biological
tissues. These particles possess high chemical stability, allowing them to remain stable under
various environmental conditions, and their nanoscale size enables them to cross biological cell
membranes, enhancing cellular efficacy. Zinc is one of the essential elements influencing sperm
health. It plays a critical role in sperm viability and motility and affects protein metabolism,
nucleic acid synthesis, and sperm membrane stabilization. Most enzymes, including carbonic
anhydrase, carboxypeptidase, and superoxide dismutase, require zinc as a cofactor. Zinc's positive
effects on semen quality are attributed to its ability to enhance sperm antioxidant capacity, thereby
mitigating oxidative stress caused by excessive reactive oxygen species (ROS). ROS are highly
reactive, short-lived molecules (10°-9 seconds) derived from oxygen and characterized by one or
more unpaired electrons. Due to their unstable chemical nature, they react with nearby organic
molecules such as lipids, proteins, and DNA to achieve stability. While controlled ROS
production plays a physiological role in key sperm processes—such as motility activation,
transient adhesion to the uterine tube, capacitation, increased sperm activity, acrosome reaction,
and sperm-oocyte fusion—excessive ROS levels lead to oxidative stress. This stress can cause
lipid peroxidation of the sperm's cytoplasmic membrane, acrosomal membrane damage, DNA
oxidation and fragmentation, and ultimately chromosomal abnormalities. Zinc helps prevent ROS
production and defective sperm and leukocytes. It also exhibits antioxidant effects by inhibiting
lipid peroxidation and reducing antisperm antibody levels. Oxidative stress in sperm is associated
with accelerated oxidation of cellular components and excessive ROS production.
Spermatogenesis occurs in three sequential stages (spermatocytogenesis, spermiogenesis, and
spermiation) in the seminiferous tubules. In birds, the duration of spermatogenesis is significantly
shorter than in mammals—approximately 25 days. The high content of polyunsaturated fatty
acids in avian sperm cell membranes renders them particularly vulnerable to lipid peroxidation.
Therefore, maintaining a balance between ROS production and the protective function of the
antioxidant system is essential for proper cell function. The predominant polyunsaturated fatty
acids in avian sperm membrane phospholipids include arachidonic acid (C20) and
docosatetraenoic acid (C22), making the sperm highly susceptible to oxidative damage, which
can impair sperm morphology and reduce motility. It is believed that this is a major cause of
fertility loss during semen storage in birds. Some metalloenzymes (such as lactate dehydrogenase
and sorbitol dehydrogenase), which are important for sperm motility, may contain zinc in their
structure. Zinc oxide nanoparticles improve acrosomal membrane integrity, preserve membrane
health, enhance acrosomal function, and positively affect mitochondrial performance and its
functional integrity.
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Methods: Semen samples were collected twice weekly for five weeks from 18 Bronze turkeys.
After pooling the samples to eliminate individual variation, they were divided into four groups.
Different concentrations of zinc oxide nanoparticles (0, 50, 100, and 200 pg/mL) were added to
the semen extender, and sperm quality parameters (total motility, progressive motility, viability,
membrane integrity, and abnormality) were evaluated at 0, 12, 24, and 48 hours of storage at 4°C.
Results: Significant improvements in sperm quality parameters were observed at 24 and 48 hours
in groups treated with 50, 100, and 200 pg/mL of nano-zinc oxide. The 100 pg/mL treatment
showed the best overall performance in maintaining sperm quality over time, while the control
group exhibited the lowest performance. The addition of zinc oxide nanoparticles led to
statistically significant improvements in sperm quality parameters compared to the control group.
Conclusion: The addition of zinc oxide nanoparticles to turkey semen extender improved sperm
quality during liquid storage at 4°C. Among the tested concentrations, 100 pg/mL demonstrated
the most effective performance in enhancing sperm quality parameters.
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Table 3. Effect of different concentrations of zinc nano oxide extract on total motility percent of turkey spermatozoa
during liquid storage of semen
d)‘lma)és dlmc.‘r.lm

Hours of storage (pdidee » )5 955%0) (59,3081 9 slaclale
48 2% 12 0 concentrations of zinc nano oxide (pg/ml)

41.257 56.627 75.25 84.87 0

44.50° 58.75¢ 76.12 85.62 50

53.00* 64.12* 79.50 84.87 100

50.87° 61.37° 77.75 85.00 200

1.066 1.624 0.937 0.179 SEM

0.0001 0.0001 0.1376 0.1614 P-value

(p<+/20) diiwd (g)l> gine L;)Lo] ML gl gy 50 aliel Bgys b sla 1 ke
Means with different letters in each column are significantly different (p < 0.05). B
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Table 4. Effect of different concentrations of zinc nano oxide extract on progressive motility percent of turkey
spermatozoa during liquid storage of semen
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14127 18.257 3212 36.50 0
16.25° 21.37° 32.62 37.25 50
21.00° 26.00% 33.87 36.50 100
19.75° 24.62° 33.12 36.62 200
0.899 0.173 0.373 0.179 SEM
0.0001 0.0001 0.1649 0.1978 P-value
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Means with different letters in each column are significantly different (p < 0.05).
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Table 5. Effect of different concentrations of zinc nano oxide extract on viability percent of turkey spermatozoa during
liquid storage of semen
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Hours of storage (e 53 £255,50) S9ymST 9 slaclale
78 24 IR 0 concentrations of zinc nano oxide (ug/ml)

33.87¢ 57.124 85.25 90.62 0

36.50° 59.50° 86.12 90.37 50

53.75% 70.75% 87.75 90.50 100

50.75° 68.62° 86.75 90.50 200

4.950 3.347 0.526 0.050 SEM

0.0001 0.0001 0.7830 0.8243 P-value

P14 0) St (I3 gza (o ylel GBI (il gt o 40 aliel gy b (slopSlo
Means with different letter .
s in each column are significantly different (p < 0.05).
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Table 6. Effect of different concentrations of zinc nano oxide extract on membrane integrity percent of turkey

d)'L.uo).n&S d‘.&:c;&b
Hours of storage

(e 53 p559,5%e) (59,481 93 slaclale

48 24 12 0 concentrations of zinc nano oxide (ug/ml)
40.12¢ 61.87° 85.25 90.50 0
43.75° 65.87° 86.25 90.62 50
55.62° 74.37% 88.50 90.25 100
52.87° 73.12% 87.25 90.75 200
3.673 2.976 0.695 0.106 SEM
0.0001 0.0001 0.2640 0.2401 P-value
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Means with different letters in each column are significantly different (p < 0.05).
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Table 7. Effect of different concentrations of zinc nano oxide extract on morphological defect percent of turkey

spermatozoa during liquid storage of semen

Ls)'L»b)#&.b scels

(e )2 p)59,500) 931 L slac ol

78 Iggurs of storage W) 0 concentrations of zinc nano oxide (ug/ml)
25.37% 20.377 13.75 9.62 0
24.62* 18.87° 13.12 9.37 50
22.37° 17.37¢ 12.25 10.00 100
23.62° 18.00° 12.75 10.00 200
0.649 0.627 0.316 0.153 SEM
0.0001 0.0001 0.2930 0.2834 P-value

(P14 0) Mt (5l ize 5}»] MBS gy gy 50 aliel gy b sla 1 Ske
Means with different letters in each column are significantly different (p < 0.05).
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