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Abstract | This study aimed to evaluate bovine serum albumin (BSA) as a substitute for egg yolk in a diluent medium 
for chilled canine spermatozoa. Semen was collected from six healthy male French Bulldogs, pooled, and diluted 
in a Tris–citrate–fructose extender supplemented with either 20% egg yolk (control) or BSA at concentrations of 
0.25%, 0.5%, 0.75%, and 1.0%. The samples were cooled to 5°C and stored for 12 days. Sperm quality parameters 
including progressive motility, viability, membrane integrity, and lipid peroxidation levels were assessed periodically. 
The results indicated that sperm quality declined gradually over time across all treatment groups (P<0.05). However, 
the supplementation of BSA at concentrations ranging from 0.25% to 0.75% significantly improved motility, viability, 
and membrane integrity compared to the control group, particularly during the extended storage period. Notably, 
the 0.5% BSA concentration yielded the best results, maintaining the highest levels of motility (28.10%), viability 
(37.55%), and membrane integrity (33.08%) on day 12 (P<0.05). Conversely, the 1.0% BSA concentration resulted 
in a significant reduction in sperm quality. Lipid peroxidation levels increased over time in all groups; however, BSA 
supplementation markedly reduced MDA concentrations, with the 0.5% BSA concentration demonstrating the 
strongest antioxidant efficacy. In conclusion, BSA serves as an effective alternative to egg yolk for the preservation 
of canine spermatozoa, with an optimal concentration of 0.5%. The use of BSA improves sperm quality and reduces 
oxidative damage, offering potential for the development of standardized semen extender containing a novel protein 
source for canine reproduction. 
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INTRODUCTION

Canine semen preservation is widely applied in 
reproductive management due to its convenience, low 

cost, and suitability for short-distance transport. Compared 
to freezing, the refrigeration of semen is technically less 
complex and typically yields higher conception rates when 
compared under identical conditions regarding the timing 
of estrus and artificial insemination (AI) techniques 
(Rijsselaere et al., 2002). Consequently, optimizing semen 

preservation methods remains a key objective in canine 
reproductive technology.

Semen extenders play an essential role in maintaining sperm 
viability during storage by stabilizing physicochemical 
conditions and supporting cellular metabolic activity. 
Traditional extenders typically comprise buffering systems 
such as Tris and citric acid to maintain stable pH and 
osmotic pressure; energy sources such as glucose or fructose 
to sustain sperm motility, and protective components such 
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as lipoproteins derived from egg yolk to mitigate cold shock. 
Additionally, antibiotics such as penicillin, streptomycin, 
or gentamicin are added to control bacterial proliferation 
(Dorado et al., 2011). However, the use of egg yolk presents 
several limitations. As a biologically derived product, egg 
yolk can serve as a source of microbial contamination, 
including pathogenic and antibiotic-resistant bacteria such 
as Escherichia coli, Salmonella spp., and Pseudomonas spp. 
(Mezhoud et al., 2016; Hinson et al., 2025). The presence 
of these microorganisms can compromise semen quality, 
diminish fertility, and increase the risk of endometritis 
in females following insemination (Althouse et al., 2000; 
Morrell and Wallgren, 2014).

In recent years, there has been increasing interest in 
developing defined and controlled alternatives to animal-
derived protein sources to enhance the biosafety and 
stability of preservation media. Among these, bovine 
serum albumin (BSA) is considered a promising candidate 
due to its well-defined molecular structure, high stability, 
and multifunctional biological properties. BSA has 
been demonstrated to stabilize sperm cell membranes 
by regulating lipid–cholesterol interactions, thereby 
maintaining membrane fluidity and structural integrity 
during cooling and storage (Rahimizadeh et al., 2021). In 
addition to its membrane-protective effects, BSA exhibits 
antioxidant activity by scavenging reactive oxygen species 
(ROS) and inhibiting lipid peroxidation, which are major 
contributors to sperm damage during storage (Roche et 
al., 2008). Recent studies have also indicated that BSA 
supplementation can improve sperm motility, viability, and 
acrosomal integrity across various species, including dogs 
and livestock (Nang et al., 2012; Rahimizadeh et al., 2021).

However, despite its numerous advantages, the impact of 
varying BSA concentrations on sperm quality remains 
inconsistent across studies, with both positive and negative 
effects observed depending on the dosage and species. This 
highlights the need for systematic evaluative studies to 
determine the optimal concentration appropriate for each 
specific subject. Consequently, this study was conducted to 
compare the effects of BSA and egg yolk (20%) on canine 
sperm quality during preservation. Specifically, parameters 
such as progressive motility, viability, cell membrane 
integrity, and susceptibility to oxidative stress were assessed 
to identify a safer and more effective alternative for semen 
preservation.

MATERIALS AND METHODS

Animals
This study was conducted on six clinically healthy male 
French Bulldogs, aged 2–3 years. All subjects underwent 
a comprehensive reproductive health examination prior 

to inclusion in the study and were maintained under 
standardized nutritional and management conditions in 
Tra Vinh Ward, Vinh Long Province, Vietnam. The animals 
were fed an identical diet, provided with water ad libitum, 
and given daily exercise. All subjects were fully trained for 
semen collection, and semen was collected on a weekly 
basis throughout the duration of the study. Experimental 
procedures were conducted in accordance with ethical 
guidelines for animal research and were approved by the 
Animal Ethics Committee of Tra Vinh University.

Canine semen collection and initial quality 
evaluation
Canine semen was collected periodically once a week, and 
semen quality was evaluated immediately after sample 
collection. Sperm motility parameters were analyzed 
using a computer-assisted sperm analysis (CASA) system 
to characterize motility characteristics in detail. Sperm 
morphology and viability were assessed using the eosin–
nigrosin staining method Tamuli and Watson (1994). Only 
semen samples meeting pre-established quality criteria 
including >70% progressive motility, >90% viability, a 
sperm concentration of >200 × 10⁶ sperm/mL, and <5% 
abnormal sperm morphology were utilized in the study.

Semen extender preparation and experimental 
design
In this study, the basic extender used was Tris–citrate–
fructose. Five treatments were established, comprising 
a control treatment supplemented with 20% egg yolk 
and four treatments supplemented with BSA at varying 
concentrations (0.25%, 0.5%, 0.75%, and 1%). The detailed 
composition of the semen extenders is presented in Table 1. 
All chemicals were supplied by Sigma-Aldrich. Following 
semen collection, semen samples from six dogs were pooled 
and aliquoted into five sterile tubes. The seminal plasma 
was removed via centrifugation at 720×g for 5 minutes, 
in accordance with the protocol described by Rijsselaere 
et al. (2002). Subsequently, the sperm pellet was diluted 
using the respective diluent solutions to achieve a final 
concentration of 200 × 10⁶ spermatozoa/mL. The diluted 
semen samples were gradually cooled at a rate of 0.3°C/
minute down to 5°C, following the method of Bouchard 
et al. (1990), and were subsequently stored at 5°C for up 
to 12 days. The experiment was designed as a completely 
randomized design with five treatments; parameters were 
monitored repeatedly throughout the 12-day storage 
period, with four replicates per treatment.

Assessment of sperm motility
The progressive motility of spermatozoa was assessed 
by pipetting 10 µL of semen sample onto a glass slide 
and analyzing it using a computer-assisted sperm 
analysis (CASA) system (RATO Vision II, China) at 
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Table 1: Formulation of the extender used for chilled sperm storage. 
Components Control BSA-0.25 BSA-0.5 BSA-0.75 BSA-1.0
Tris (mg) 3025 3025 3025 3025 3025
Citric acid (mg) 1700 1700 1700 1700 1700
Fructose (mg) 1250 1250 1250 1250 1250
Egg yolk (%) 20 0 0 0 0
BSA (%) 0 0.25 0.5 0.75 1.0
Streptomycin (mg) 100 100 100 100 100
Penicillin (mg) 60 60 60 60 60
Distilled water (mL) Up to 100 Up to 100 Up to 100 Up to 100 Up to 100

BSA: Bovine serum albumin; Control:20% Egg yolk; BSA-0.25, BSA-0.5, BSA-0.75, and BSA-1.0: 0.25, 0.5, 0.75, and 1.0 % BSA, 
respectively.

10× magnification (Abah et al., 2025). This assessment 
determines the percentage of progressively motile 
spermatozoa defined as those capable of moving in 
a straight direction as well as the percentage of non-
progressively motile spermatozoa.

Assessment of sperm viability 
Sperm viability was assessed using the Eosin–Nigrosin 
staining method (Tamuli and Watson, 1994), which 
distinguishes between live and dead sperm based on the 
integrity of the plasma membrane. Specifically, 10 µL of 
semen was mixed with 10 µL of staining solution, smeared 
onto a glass slide, allowed to air-dry, and observed under 
a light microscope at 400× magnification. Dead sperm 
absorbed the eosin stain and appeared pink or red, whereas 
live sperm remained unstained.

Assessment of sperm plasma membrane integrity 
The functional integrity of the sperm plasma membrane was 
assessed using the Hypoosmotic Swelling Test (HOST), 
which aims to determine the osmotic responsiveness of the 
sperm. Specifically, 10 µL of semen was mixed with 100 
µL of a hypoosmotic solution (150 mOsm/L), incubated 
at 38°C for 30 minutes, and subsequently observed under 
a phase-contrast microscope using a 40× objective lens. 
A total of 200 sperm were evaluated per sample. Sperm 
exhibiting curled or swollen tails are considered to 
possess an intact plasma membrane, whereas sperm with 
straight tails are considered to have a damaged membrane 
(Goericke-Pesch et al., 2012).

Assessment of lipid peroxidation in sperm
The level of sperm lipid peroxidation was determined by 
measuring malondialdehyde (MDA) concentration using 
the TBARS (thiobarbituric acid reactive substances) 
method, as described by Maia et al. (2010), with slight 
modifications. Specifically, sperm samples were oxidized 
with iron sulfate, reacted with thiobarbituric acid (TBA), 
and heated at 95–100°C for 15 minutes to form the 
MDA–TBA complex. After cooling and centrifugation, 
the supernatant was collected, and its optical density 

was measured at a wavelength of 535 nm using a 
microplate spectrophotometer. MDA concentration was 
calculated based on a standard curve generated using 
1,1,3,3-tetramethoxypropane and was expressed as nmol 
of MDA per 50 × 10⁶ sperm.

Statistical analysis
Statistical analyses were performed using IBM SPSS 
Statistics software, version 22.0. Data are presented as 
mean ± standard deviation. Two-way analysis of variance 
(mixed ANOVA) was used to assess the effects of storage 
time and extenders, as well as the interaction between 
these two factors, on sperm quality parameters. When 
significant differences were detected, Tukey’s post-hoc 
test was applied for multiple comparisons. A P-value < 
0.05 was considered statistically significant. Assumptions 
of normality and homogeneity of variances were verified 
prior to conducting the analyses.

RESULTS

Progressive sperm motility
The percentage of progressively motile spermatozoa 
decreased significantly (P<0.05) throughout the 12-day 
storage period across all treatments (Table 2). On Day 1, no 
significant differences were observed among the treatments, 
with values ​​ranging from 83.68% to 87.55%. From Day 3 
onwards, the BSA-1.0 treatment exhibited significantly 
lower motility compared to the other treatments (P<0.05), 
while no significant differences were found between the 
control group and the BSA levels ranging from 0.25% to 
0.75%. By Day 12, the BSA-0.5 treatment maintained 
the highest percentage of progressive motility (28.10%), 
which was significantly higher than that of BSA-1.0 
(17.93%) (P<0.05), while the remaining treatments yielded 
intermediate values ​​that did not differ significantly.

Sperm viability
Sperm viability was presented in Table 3. Sperm viability 
decreased progressively over storage time across all 
treatments (P<0.05). There were no significant differences 
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Table 2: Progressive sperm motility (%) of canine sperm during 12 days of chilled storage.
Treatments Day 1 Day 3 Day 6 Day 9 Day 12
Control 86.87±3.56A 81.48±1.32aA 63.21±0.52B 51.45±0.33B 24.76±1.73abC

BSA-0.25 87.55±4.38A 81.20±1.75aA 63.03±1.08B 50.48±1.22B 24.71±1.59abC

BSA-0.5 87.42±4.04A 83.88±1.88aA 65.60±0.40B 51.51±0.97B 28.10±1.95aC

BSA-0.75 86.78±5.45A 82.09±1.73aA 64.87±2.68B 49.68±5.35C 21.20±4.83abD

BSA-1.0 83.68±4.64A 73.70±2.59bB 63.80±6.43C 40.39±12.09D 17.93±5.31bE

Control: 20% Egg yolk; BSA-0.25, BSA-0.5, BSA-0.75, and BSA-1.0: 0.25, 0.5, 0.75, and 1.0 % BSA, respectively. Data are 
expressed as mean ± standard deviation based on four replicates. Different lowercase letters (a or b) within a column denote significant 
differences among treatments (P<0.05), while different uppercase letters (A, B, C, D, and E) within a row indicate significant 
differences among storage times (P<0.05).

Table 3: Sperm viability (%) of canine sperm during 12 days of chilled storage.
Treatments Day 1 Day 3 Day 6 Day 9 Day 12
Control 96.23±1.09A 89.84±0.62B 71.90±1.26dC 58.87±1.42D 34.35±1.18abE

BSA-0.25 97.32±0.25A 88.68±0.67B 74.06±0.35cC 58.55±1.26D 33.27±2.33bcE

BSA-0.5 96.69±0.62A 89.63±1.50B 76.62±0.37bC 59.91±2.43D 37.55±1.89aE

BSA-0.75 96.90±0.55A 89.92±1.15B 77.31±0.37abC 58.21±0.58D 32.41±1.37bcE

BSA-1.0 96.39±1.37A 88.71±4.22B 78.52±0.73aC 60.93±0.95D 30.09±1.78cE

Control: 20% Egg yolk; BSA-0.25, BSA-0.5, BSA-0.75, and BSA-1.0: 0.25, 0.5, 0.75, and 1.0 % BSA, respectively. Data are 
expressed as mean ± standard deviation based on four replicates. Different lowercase letters (a, b, c, or d) within a column denote 
significant differences among treatments (P<0.05), while different uppercase letters (A, B, C, D, and E) within a row indicate 
significant differences among storage times (P<0.05).

Table 4: Sperm plasma membrane integrity (%) of canine sperm during 12 days of chilled storage.
Treatments Day 1 Day 3 Day 6 Day 9 Day 12
Control 91.97±1.09A 85.47±1.07B 67.74±2.72cC 53.79±1.90aD 28.60±2.80abE

BSA-0.25 92.58±1.59A 84.75±1.12B 69.46±2.51bcC 54.36±0.21aD 27.98±1.77abE

BSA-0.5 92.98±0.37A 85.81±2.20B 71.74±0.00abC 54.85±0.07aD 33.08±2.33aE

BSA-0.75 92.96±1.38A 84.52±2.47B 73.37±0.55abC 54.12±3.36aD 28.24±0.44abE

BSA-1.0 91.70±2.43A 87.60±1.20B 75.62±0.58aC 47.33±1.60bD 24.38±3.74bE

Control: 20% Egg yolk; BSA-0.25, BSA-0.5, BSA-0.75, and BSA-1.0: 0.25, 0.5, 0.75, and 1.0 % BSA, respectively. Data are 
expressed as mean ± standard deviation based on four replicates. Different lowercase letters (a, b, or c) within a column denote 
significant differences among treatments (P<0.05), while different uppercase letters (A, B, C, D, and E) within a row indicate 
significant differences among storage times (P<0.05).

among the treatments on days 1 and 3. However, from day 6 
onwards, distinct differences emerged. On day 6, the BSA-
1.0 treatment exhibited the highest viability rate, followed 
by BSA-0.75 and BSA-0.5, while the control treatment 
recorded the lowest value (P<0.05). By day 12, the BSA-0.5 
treatment maintained the highest viability rate (37.55%) 
significantly higher than the other treatments, while BSA-
1.0 recorded the lowest value (30.09%) (P<0.05).

Plasma membrane integrity
Table 4 presents the plasma membrane integrity of canine 
spermatozoa over 12 days of storage. Plasma membrane 
integrity declined significantly over time across all 
treatments (P<0.05). No significant differences were 
observed among the treatments on days 1 and 3. From day 
6 onwards, the supplementation of BSA demonstrated a 
marked improvement compared to the control. On day 
6, the BSA-1.0 treatment achieved the highest value 

(75.62%), which was significantly higher than that of the 
control (P<0.05). However, by day 9, this treatment had 
declined significantly relative to the other treatments. By 
day 12, the BSA-0.5 treatment maintained the highest 
membrane integrity (33.08%) significantly higher than 
that of BSA-1.0 (24.38%) (P<0.05) while the remaining 
treatments yielded intermediate values.

Sperm lipid peroxidation
Malondialdehyde (MDA) content an indicator of lipid 
peroxidation increased significantly (P<0.05) throughout 
the 12-day storage period across all treatments (Table 5). 
On Day 1, no significant differences were observed among 
the treatments, with MDA values ​​ranging from 9.71 to 
12.31 nmol/50 × 10⁶ spermatozoa. However, from Day 3 
onwards, distinct differences began to emerge. The control 
treatment consistently exhibited the highest MDA content, 
indicating a greater degree of oxidative damage, whereas 
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Table 5: Malondialdehyde (MDA) levels (nmol/50×10⁶ sperm) in canine sperm over 12 days of chilled storage.
Treatments Day 1 Day 3 Day 6 Day 9 Day 12
Control 10.16±0.4E 18.69±2.65aD 32.23±2.04aC 39.03±1.31aB 56.38±1.64aA

BSA-0.25 10.35±0.66D 11.45±2.02bD 16.79±1.49bcC 29.65±2.47bB 36.02±2.03cA

BSA-0.5 9.71±1.02D 9.96±1.91bD 13.83±2.43cC 25.01±0.93bB 31.19±1.78cA

BSA-0.75 10.85±1.21D 12.25±1.93bD 21.29±1.94bC 26.99±0.55bB 35.44±1.71cA

BSA-1.0 12.31±1.49D 14.45±2.19abD 31.22±1.2aC 35.82±2.66aC 51.06±0.62bA

Control: 20% Egg yolk; BSA-0.25, BSA-0.5, BSA-0.75, and BSA-1.0: 0.25, 0.5, 0.75, and 1.0 % BSA, respectively. Data are 
expressed as mean ± standard deviation based on four replicates. Different lowercase letters (a, b, or c) within a column denote 
significant differences among treatments (P<0.05), while different uppercase letters (A, B, C, D, and E) within a row indicate 
significant differences among storage times (P<0.05).

the BSA-supplemented treatments showed significantly 
lower values ​​(P<0.05). Among the treatments, BSA-
0.5 demonstrated the lowest MDA content throughout 
the storage period particularly on Day 6 (13.83 nmol/50 
× 10⁶ spermatozoa) and Day 12 (31.19 nmol/50 × 10⁶ 
spermatozoa) values ​​that were significantly lower than 
those of the control and BSA-1.0 treatments (P<0.05). 
The BSA-0.25 and BSA-0.75 treatments also reduced 
lipid peroxidation compared to the control, though their 
efficacy was inferior to that of BSA-0.5. Conversely, the 
BSA-1.0 treatment exhibited relatively high MDA levels 
particularly during the later stages of storage and did not 
differ significantly from the control on Days 6 and 9. By 
Day 12, although BSA-1.0 showed lower MDA levels than 
the control, they remained significantly higher than those 
of the lower-concentration BSA treatments (P<0.05). 
Overall, the level of lipid peroxidation increased gradually 
over the storage period. The addition of BSA helped 
reduce oxidative damage, with a concentration of 0.5% 
providing the most effective protection, whereas a higher 
concentration (1.0%) offered less effective protection. 

DISCUSSION

The present study clearly demonstrates that the 
supplementation of BSA at appropriate concentrations 
significantly improved the quality of canine spermatozoa 
preserved for 12 days, as evidenced by increased progressive 
motility, viability, and cell membrane integrity, as well as 
reduced lipid peroxidation. These results suggest that BSA 
can serve as an effective substitute for egg yolk in semen 
extenders intended for short-term preservation. Throughout 
the storage period, sperm quality gradually declined over 
time a finding consistent with the detrimental effects of 
cold shock, oxidative stress, and the depletion of metabolic 
energy during preservation. However, the rate of this 
decline was markedly slower in the groups supplemented 
with BSA, particularly at concentrations ranging from 
0.25% to 0.75%. Notably, the group supplemented with 
0.5% BSA consistently exhibited the highest quality in 
terms of progressive motility, viability, and cell membrane 
integrity compared to the other treatments. These results 

align with previous studies. Specifically, Rachmawati et al. 
(2020) reported that the addition of 0.2% BSA significantly 
improved sperm quality during storage. Similarly, Nang et 
al. (2012) demonstrated that supplementing a preservation 
medium with 8 mg/mL of BSA at 4°C enhanced sperm 
viability and protected sperm DNA integrity. These studies 
collectively affirm the critical protective role of BSA in 
maintaining sperm function during preservation.

The superior efficacy of BSA groups ranging from 0.25% 
to 0.75% particularly the 0.5% concentration can be 
attributed to several physiological mechanisms. First, 
BSA helps maintain colloid osmotic pressure, thereby 
preventing excessive water movement across the sperm cell 
membrane and averting cellular shrinkage or swelling. This 
equilibrium is crucial for safeguarding membrane integrity 
under low-temperature conditions. Second, BSA is an 
amphipathic protein capable of interacting with the sperm 
cell membrane. It regulates the lipid-to-cholesterol ratio, 
thereby stabilizing the phospholipid bilayer, minimizing 
phospholipid loss, and maintaining membrane fluidity; 
this, in turn, prevents structural damage during the cooling 
process (Rahimizadeh et al., 2021). Furthermore, BSA 
contains numerous amino acids such as glutamic acid, 
aspartic acid, lysine, and arginine that can serve as metabolic 
substrates to support sperm energy metabolism (Wolfe et 
al., 2001). Structurally, BSA possesses 35 cysteine ​​residues 
that form 17 disulfide bonds, enhancing the protein’s 
stability and resistance to denaturation. Consequently, 
BSA retains its protective function even under harsh 
storage conditions (Majorek et al., 2012). 

Conversely, the addition of 1% BSA significantly 
compromised sperm quality particularly progressive 
motility and membrane integrity during the later stages of 
storage. This suggests that excessively high concentrations 
of BSA may be detrimental. The decline in quality observed 
at the 1% concentration may be attributed to elevated 
extracellular osmotic pressure, which induces rapid water 
efflux from the sperm cells, resulting in shrinkage and 
structural damage (Khan and Ijaz, 2008). Concurrently, 
high BSA concentrations increase the viscosity of the 
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medium, thereby impeding sperm motility and accelerating 
energy expenditure. Consequently, the sperm rapidly 
deplete their energy reserves, leading to reduced motility 
and a shortened lifespan (Ibrahim et al., 2013).

Lipid peroxidation assessed via MDA content increased 
significantly over time across all treatment groups, 
reflecting progressive oxidative damage during the 
preservation process. However, the supplementation of 
BSA markedly reduced MDA accumulation compared to 
the control group utilizing egg yolk. Notably, the 0.5% BSA 
group exhibited the lowest MDA levels throughout the 
preservation period, whereas the control group recorded 
the highest values. This demonstrates that BSA possesses 
potent antioxidant capabilities and effectively protects 
spermatozoa against oxidative stress. The higher MDA 
content observed in the egg yolk group may be attributed 
to its inherent biological nature. Egg yolk contains 
lipoproteins that are susceptible to degradation and 
oxidation over time, thereby diminishing protective efficacy 
and promoting lipid peroxidation. Conversely, as a purified 
protein with minimal enzymatic impurities, BSA functions 
as a “protective scaffold” or a stable carrier that resists 
rapid degradation (Monteiro et al., 2009). Furthermore, 
BSA possesses the capacity to bind to and neutralize ROS 
and toxic metabolites, thereby contributing to enhanced 
antioxidant efficacy. This synergistic combination of 
membrane stabilization and antioxidant activity accounts 
for the superior preservation performance observed in the 
BSA-supplemented treatment groups. Taken together, the 
research results demonstrate that BSA serves not only as 
an effective substitute for egg yolk but also offers superior 
protective effects during long-term preservation, owing 
to its high stability and antioxidant capacity. Among the 
concentrations investigated, 0.5% BSA was identified as 
the optimal level for preserving canine spermatozoa under 
refrigerated conditions.

CONCLUSIONS

This study demonstrates that bovine serum albumin 
(BSA) serves as an effective and reliable alternative to 
egg yolk for the cold storage of canine spermatozoa. The 
supplementation of BSA at an optimal concentration 
(0.25%–0.75%) specifically 0.5% significantly improved 
motility, viability, and membrane integrity, while 
simultaneously reducing lipid peroxidation, thereby 
extending sperm longevity throughout a 12-day storage 
period. Conversely, supplementation at a high concentration 
(1.0%) exerted detrimental effects, underscoring the 
critical importance of optimizing the concentration used.

From a practical perspective, replacing egg yolk with BSA 
offers numerous benefits, including enhanced stability of 
the diluent medium, reduced biological variability, and 

improved antioxidant capacity. These findings provide 
a solid foundation for developing standardized semen 
extender incorporating a novel protein source for use 
in canine reproduction. Future studies should focus on 
evaluating fertilization potential and practical applications 
to facilitate the adoption of BSA-containing media into 
routine breeding programs.
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