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ABSTRACT

The objective of the study was to evaluate the effect of addition of Tris soy lecithin (TSL) and Tris egg yolk-
based (TEY) extenders on canine seminal attributes during 7 days storage at 5°C. Semen was manually collected 
from fifteen apparently healthy male dogs, which then underwent semen evaluation. Only semen sample with 
spermatozoa motility >80% and spermatozoa concentration >200×106 spermatozoa/mL were used in the present 
study. After initial evaluation, sperm-rich fractions were divided into two equal parts and extended with 20% TEY 
and 1% TSL extenders at 1:4 dilution, then stored at a refrigeration temperature of 5°C for 7 days. Chilled semen 
samples were assessed for pH, motility, viability, abnormality, and plasma membrane integrity for a week on daily 
basis. DNA integrity was assessed on days 0, 1, 3, and 5 of storage. Significant differences were observed in all 
seminal attributes except DNA integrity between fresh and extended semen. The pH of the semen did not differ 
significantly between the extenders up to day 6, indicating almost equal buffering capacity of the extenders. A 
significant difference in sperm motility, viability, morphological abnormality, and plasma membrane integrity was 
observed between the extenders from storage days 4, 3, 1, and 5, respectively. No significant difference in sperm 
DNA integrity was observed between the extenders. In conclusion, while both extenders were equally effective in 
preserving sperm DNA integrity, Tris egg yolk extender outperformed Tris soy lecithin extender in all other seminal 
attributes assessed in this study.
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Natural mating is the most common method of dog 
breeding; however, there are challenges like transport 
issues, size differences between male and female, inability 
of the male to mount due to musculo-skeletal diseases and 
lack of stud male availability at the appropriate mating 
time, which results in the loss of valuable breeding season. 

The dog semen can be stored at room temperature (25-
28°C) (Batista et al. 2012), refrigeration temperature (4-
5°C) (Dalmazzo et al. 2019) and at ultralow temperature 
(-196°C) (Axner and Lagerson 2016). Several factors 
like storage temperature, extender composition, sperm 
count, and number of inseminations influence the keeping 
quality of semen. The quality of the semen stored at room 
temperature is said to be poorer when compared to chilled 
semen (Batista et al. 2012). Artificial insemination with 
chilled canine semen has reported pregnancy rates of 45.4 
to 65% according to Linde-Forsberg (1991). It is easier to 
handle and transport but has a shorter lifespan of about 4.9 
days (Ponglowhapan et al. 2004). While chilling semen is a 
simple practice, freezing requires expensive equipment and 

skilled personnel, which are not always available.
Most popular extender for chilled dog semen was based 

on an egg yolk−Tris−fructose medium (Lopes et al. 2009). 
Egg yolk is an animal product, therefore choosing it as a 
component has several drawbacks, including the difficulty 
of standardization due to its fluctuating composition 
and the possibility of contamination like salmonellosis 
(Beccaglia et al. 2009 and Kmenta et al. 2011). Due to its 
easy component standardization, and lower potential risk 
of contamination, soy lecithin is a suitable alternative to 
egg yolk (Fukui et al. 2008). Lecithin is comparable to egg 
yolk in composition (low-density lipoprotein), and it may 
protect the sperm plasma membrane from damage caused 
by cold shock (Forouzanfar et al. 2010). 

Therefore, the present study was designed to compare 
the effect of soy lecithin and egg yolk-based extenders on 
storage of canine semen at refrigeration temperature of 5℃ 
and to evaluate the keeping quality of chilled canine semen 
based on seminal attributes. 

MATERIALS AND METHODS

Selection of animals: The study involved 15 male 
dogs aged between 2-5 years presented to Department of 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
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Bengaluru for routine semen evaluation. Healthy dogs of 
various breeds underwent physical, clinico-andrological, 
ultrasonographic examinations, and semen was collected 
for evaluation. Dogs identified as fertile were included in 
the study.

Preparation of extenders: All chemicals utilized in 
this research were procured from HIMEDIA. TEY (20%) 
and TSL (1%) were prepared according to the procedures 
described by Verstegen et al. (2005) and Mingkun et al. 
(2022), respectively. 

Semen collection: Dog semen was collected by digital 
manipulation of penis (Ray et al. 2019). The pre-sperm, 
sperm rich, and post-sperm fractions were collected 
separately in prewarmed self-made sterile collection vials 
(Fig. 1).

Semen evaluation: Only sperm-rich fraction was 
assessed for volume, colour and pH. The pH of the semen 
sample was estimated using a digital pH meter with 
range of 0.0 to 14 pH, resolution 0.1, accuracy ±0.1 (eco 
Testr pH2, Thermo Fisher Scientific Inc.). Aliquots of 
freshly ejaculated semen was separated and transferred 
immediately to a water bath at 37℃ for evaluation of sperm 
motility, concentration, viability, abnormal sperm count, 
plasma membrane and DNA integrity. Sperm progressive 
motility was assessed according to the procedures of Puja 
et al. (2018). Sperm concentration was determined with 
Neubauer haemocytometer (Johnston et al. 2001). The 

percentage of live spermatozoa was measured by eosin-
nigrosin stain (Agarwal et al. 2016) and morphologically 
abnormal spermatozoa was evaluated by Rose Bengal stain 
(Sousa et al. 2013). Sperm plasma membrane integrity was 
evaluated by hypo-osmotic swelling test (HOST) (Ramu 
and Jeyendran 2013). DNA integrity was evaluated by 
fluorescent microscopy after staining with Acridine Orange 
(Fig. 2) (Shamsi et al. 2011). Only semen samples with 
spermatozoa motility >80% and concentration >200 ×106 

spermatozoa/mL were used in the present study. 
Semen processing and dilution: After initial evaluation, 

Fig. 1. Schematic presentation of experimental design

Fig. 2. Sperm DNA integrity evaluation by Acridine Orange 
stain under fluorescent microscope (400× magnification) (Green 
coloured sperm- Sperm with intact DNA, Orange coloured sperm- 
Sperm with denatured DNA).
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the semen was split into two equal volumes and taken in 
sterile tubes. Then centrifuged at 700 g for 5 min, discarded 
the supernatants to obtain sperm pellets devoid of seminal 
plasma. These pellets were then diluted at 1:4 in TEY 
and TSL extenders and stored at 5°C for 7 days. Seminal 
attributes were evaluated daily for a week, except DNA 
integrity, which was assessed on days 0, 1, 3, and 5 of 
storage.

Statistical analysis: Data comparing the effects of TEY 
and TSL semen extenders with fresh semen at 0 hours were 
analysed using paired t-tests in SPSS version 16.0. The 
effects of semen extenders and duration of preservation 
on seminal attributes in refrigerated semen were analysed 
through two-way ANOVA using the R project for statistical 
computing.

RESULTS AND DISCUSSION

Effects of tris egg yolk and tris soy lecithin semen 
extenders on seminal attributes at ‘0’ h in comparison 
with fresh semen: The dilution of semen with extenders 
significantly increased (P<0.001) the semen pH compared 
to fresh, unextended semen, attributed to buffer addition 
in the extenders (Table 1). Sperm progressive motility 
exhibited a significant difference (P<0.001) between fresh 
and extended semen aligning with Beccaglia et al. (2009), 
who noted higher motility in fresh semen than in semen 
extended with both TEY and TSL extenders. Significant 
differences (P<0.001) in sperm viability were observed 
in semen extended with TEY and TSL at ‘0’ h compared 
to fresh semen, consistent with Pradana et al. (2016) who 
found significant differences in the percentage of viable 
sperm between fresh and diluted canine semen in both TEY 
and TSL extenders. Significant increase (P<0.001) in sperm 
abnormalities were noted in extended semen compared to 
fresh semen agreeing with findings of Srinivas et al. (2022). 
The HOST reacted spermatozoa were significantly reduced 
(P<0.001) in semen extended with TEY and TSL compared 
to fresh, unextended semen at ‘0’ h, consistent with Rota 
et al. (1995), who found fresh semen had a significantly 
higher HOST value (93.60±3.70) compared to extended 
semen in TEY extender (91.20±4.10) immediately after 
dilution. However, sperm DNA integrity showed no 
significant difference (P>0.001) between fresh and extended 
semen at ‘0’ h, consistent with Pradana et al. (2016), who 

Table 1. Characteristics of sperm-rich fractions of fresh semen 
samples collected from 15 dogs 

Parameter Mean ± standard deviation
Colour Milky white to creamy
Volume (mL) 2.55±0.10
pH 6.41±0.04
Concentration (106 /mL) 321.33±2.89
Progressive motility (%) 83.67±0.74
Live and dead (%) 88.50±0.75
Abnormalities (%) 7.33±0.41
Plasma membrane integrity (%) 87.40±0.94
DNA integrity (%) 92.26±0.60

Table 2. Effect of TEY extender on seminal attributes at ‘0’ h in comparison with fresh unextended semen (mean±S.EM ) 

pH Motility Live and dead Abnormalities HOST DNA integrity
Fresh 6.41±0.04a 83.67± 0.74a 88.50±0.75a 7.33±0.41a 87.40±0.94a 92.26 ±0.60a

TEY 6.75±0.04b 79.73±0.69b 85.42±0.79b 8.93±0.51b 83.33±1.13b 90.46 ± 0.55a

Means with different superscripts (a,b) within a column indicates significant difference at P<0.05 between extenders.

Table 3. Effect of TSL extender on seminal attributes at ‘0’ h in comparison with fresh unextended semen (mean±S.EM )

pH Motility Live and dead Abnormalities HOST DNA integrity
Fresh 6.41±0.04a 83.67±0.74a 88.50±0.75a 7.33±0.41a 87.40±0.94a 92.26 ±0.60a

TSL 6.76±0.03b 72.40±1.02b 76.00±1.09b 10.33±0.60b 79.60±1.04b 89.73 ± 0.56b

Means with different superscripts (a,b) within a column indicates significant difference at P<0.05 between extender.

reported no significant difference in the percentage of 
sperm with intact DNA between fresh and semen extended 
in TEY and TSL extenders. The observed differences in 
sperm motility, viability, morphologically abnormality 
and sperm plasma membrane integrity between fresh and 
extended semen could be attributed to semen handling and 
processing, extender pH and microenvironmental changes. 
Sperm DNA, being compact and stable, is relatively 
resistant to changes induced by semen extension.

Effect of semen extenders and duration of preservation 
on seminal attributes of semen preserved at refrigeration 
temperature for a period of 7 days

Semen pH: No significant difference was there in mean 
pH between the extenders up to day 6 and significant 
difference was observed only on day 7 of storage, suggesting 
similar buffering capacities for both diluents (Tables 2 and 3; 
Supplementary Fig. 1). This agrees with Ubah et al. (2019), 
who noted that tris buffer maintains a stable pH despite 
external factors. In TEY and TSL extenders, no significant 
differences found up to day 3 and day 2 respectively.  This 
finding is similar to Rota et al. (1995), who reported a 
significant pH decrease by day 3 to 4 in TEY. 

Sperm progressive motility: Significantly lower (P<0.05) 
percentage of sperm motility was observed from day 4 and 
day 3 onwards in TEY and TSL extenders respectively 
(Fig. 3). Motility was found to decrease significantly 
between the extenders from day 4. The primary increase 
in sperm metabolism, leading to elevated oxygen and 
energy absorption, lowered pH, and increased lactic acid 
concentration, likely contributed to this decline in sperm 
motility (Verstegen et al. 2005). Kasimanickam et al. (2012) 
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reported no change in progressive motility percentage 
between egg yolk and 0.04% soy lecithin extenders until day 
3. Overall, these findings suggest that egg yolk outperforms 
soybean lecithin in maintaining motility. However, soy 
lecithin showed statistical similarity to egg yolk up to day 3. 
Axner and Lagerson (2016) and Hermansson et al. (2021) 
similarly observed superior motility in egg yolk-based 
extenders compared to soybean lecithin-based extenders. 
Egg yolk stabilizes sperm membranes through interactions 
with seminal plasma proteins, preventing phospholipid 
efflux, controlling cation loss and scavenging reactive 
oxygen species (ROS), thereby inhibiting cold shock-
induced pre-term capacitation (Manjunath et al. 2002). 
In contrast to our findings, Kmenta et al. (2011) reported 
that a 0.8% lecithin extender with added antioxidant 
catalase preserved motility better than 20% egg yolk 
extender for 8 days. Discrepancies with our results may 
be due to differences in soybean lecithin sources, extender 
preparations, and lecithin concentrations. Dalmazzo  
et al. (2018) suggested that elevated phosphatidylcholine 
levels in soybean lecithin may disrupt intracellular and 
extracellular phosphatidylcholine balance, reducing sperm 
motility and mitochondrial activity. Accordingly, reduced 
sperm motility in TSL may be because of the higher 
concentrations (1%) of soy lecithin used in the present 
study compared to Dalmazzo et al. (2018) who used lower 
soy lecithin concentrations (0.01, 0.05 and 0.1%) in their 
study.

Percentage of live spermatozoa: In this study, the 
mean percentage of live sperm exceeded that of motile 
spermatozoa (Supplementary Fig. 2), consistent with Puja 
et al. (2018). This could be because viable spermatozoa are 
not always motile; occasionally, non-motile spermatozoa 
may still be alive. Significant reductions (P<0.05) in 
spermatozoa viability were observed on day 4 in TEY, day 
3 in TSL and from day 3 onwards between the extenders. 
Throughout semen storage at refrigeration temperature, the 
percentage of viable sperm gradually decreased, consistent 
with Verstegen et al. (2005), who noted a steady decline 
in live spermatozoa in chilled dog semen stored at 4°C. 
Damage induced by reactive oxygen species (ROS) to 
lipids, proteins, and DNA can lead to decreased motility 

and viability of spermatozoa (Saraswat et al. 2014).
Percentage of morphologically abnormal spermatozoa: 

The morphological abnormalities observed were mid-piece 
defects, abnormal heads and tails (Supplementary Fig. 3). 
There was a significant increase in the percentage of 
morphologically abnormal spermatozoa over the 7-days 
storage within and between the two extenders. According 
to Hori et al. (2014), sperm metabolites lower semen pH 
and oxidative stress damages the sperm cell membrane and 
inhibits enzyme activity. This results in abnormal sperm 
morphology, particularly abnormal tails, and reduced 
sperm motility, which aligns with findings of the present 
study.

Sperm plasma membrane integrity: There was a 
gradual reduction in the mean percentage of HOST-
responsive spermatozoa over seven days in both extenders 
(Supplementary Fig. 4). Ponglowhapan (2004) reported 
that extension, chilling, and storage deteriorate plasma 
membrane integrity over time. In this study, a positive 
correlation between sperm plasma membrane integrity and 
sperm progressive motility was noted. A significantly lower 
(P<0.05) percentage of HOST-responsive spermatozoa was 
observed from day 4 in TEY, from day 3 in TSL and from 
day 5 onwards between the extenders. This indicates that 
TEY is superior in protecting sperm plasma membrane 
integrity compared to TSL. These findings are consistent 
with Hermansson et al. (2021), who reported better plasma 
membrane integrity in canine sperm with TEY than with 
TSL. 

Sperm DNA integrity: After storing extended canine 
semen at refrigeration temperature, minimal and mostly 
non-significant sperm DNA denaturation was observed. 
In the TEY extender, significant difference was found 
between day 0 and 5, but not on other days (Fig. 4). This 
aligns with Puja et al. (2018), who also found no significant 
differences within the egg yolk extender. Similarly, in the 
TSL extender, significant differences were noted between 
day 0 and day 1 compared to day 5, but not on other 
days. This is consistent with Dalmazzo et al. (2018), who 
observed no significant differences in DNA integrity within 
soy lecithin (0.1%) extender over 5 days of refrigeration. 
No significant differences were detected between the 
extenders on days 0, 1, 3, and 5 of evaluation. Low-density 

Fig. 3. Progressive motility of semen in egg yolk and soy lecithin-
based extender at different days of interval (N=15) preserved at 
(5oC).

Fig. 4. Percentage of sperm with intact DNA in egg yolk and 
soy lecithin-based extender at different days of interval (N=15) 
preserved at (5oC).
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lipoproteins in egg yolk have protective effects against 
reactive oxygen species (Aboagla and Terada 2004). 
Astuti (2012) reported that isoflavones in soybeans act 
as antioxidants, reducing reactive oxygen species (ROS) 
and counteracting free radicals, thus maintaining sperm 
DNA integrity. Prinosilova et al. (2012) proposed that both 
cryopreservation and refrigeration did not significantly alter 
DNA integrity. These findings indicate that DNA integrity 
is not significantly impacted by different extenders and 
storage at refrigeration temperature. 

Based on the findings of the current study, it can be 
concluded that there is a significant difference in all 
seminal attributes except DNA integrity between fresh and 
extended semen in both extenders. The buffering action of 
both of the extenders were similar throughout the study, 
except on day 7. Tris egg yolk (20%) was superior to tris 
soy lecithin (1%) in preserving sperm motility, viability, 
morphology, and plasma membrane integrity when canine 
semen was stored at refrigeration temperature for 7 days. 
DNA integrity was not significantly affected by either 
extender or refrigeration, indicating that both extenders are 
equally effective in protecting sperm DNA integrity during 
the chilling of canine semen. Canine semen qualities can 
be maintained for up to 4 days when extended with the Tris 
egg yolk extender and stored at a temperature of 5°C.
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