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Abstract: The objective of the present study 
was to verify the effectiveness of different 
extenders used for cooling buffalo semen in 
relation to maintenance of sperm longevity 
throughout processing. Seminal samples of 11 
Murrah bulls aged 5 to 6 years were preserved 
at 5 °C for 120 hours in a passive refrigeration 
system (refrigerated counter) using TRIS 
extenders with 10% LDL (replacing egg yolk), 
Tolera D® (soy lecithin replacing egg yolk) and 
(Botu-Bov®). These samples were subjectively 
evaluated at T0 (post-collection), T1, T24, 
T48, T72, T96 and T120 hours post-dilution 
and refrigeration through computerized 
sperm movement analysis (CASA), plasmatic 
membrane integrity (Hyposmotic Test). 
Each male had his ejaculate analyzed for the 
physical and morphological characteristics 
of the semen, which were divided into three 
aliquots for each of the extenders. The values 
obtained were submitted to the Friedman Test 
(P<0.05). From the results achieved, it can be 
concluded that there was a better preservation 
of the samples kept under refrigeration with 
the Botu-Bov® extender at 5 °C/120 hours, 
providing greater protection against injuries 
and integrity of the spermatic membrane, 
when compared to the others. Thus, the Botu-
Bov® extender can be an alternative for the use 
of refrigerated buffalo semen in AI and TAI 
for up to 48 hours.
Keywords: sperm longevity, computerized 
semen analysis, hyposmotic test.

INTRODUCTION
The economic viability of a livestock 

production system is directly linked to 
productivity rates and these are directly 
affected by reproductive efficiency and genetic 
selection of herds. Increased productivity in 
national livestock can be obtained with the use 
of biotechniques that optimize the production 
system, seeking greater production per 
hectare and thus reducing production costs. 

Celeghini (2005) reported that the use of 
biotechniques applied to reproduction makes 
it possible to maximize the use of superior 
genetics, enabling an increase in productivity.

Several reproductive biotechniques are 
used in Brazil, however, the most widespread 
is artificial insemination (AI). AI with 
cryopreserved semen is a more affordable 
reproductive biotechnique that serves as a 
tool for the genetic improvement of herds, 
including the Bubalus bubalis species. 
However, AI for buffalo is based on the use of 
frozen semen (Ribeiro et al., 1994). Garner et 
al. (2001) reported that despite the advances 
made in recent years, cell freezing still damages 
sperm organelles and membranes, also 
inducing changes in sperm capacitation and 
acrossomal reaction. According to Rasul et al. 
(2001), when analyzing buffalo spermatozoa 
using the CASA method (computerized 
semen analysis), concluded that the process 
causes damage to the axoneme, reducing the 
ability of sperm to move.

The decline in sperm viability and fertility 
related to cryopreservation motivated the 
development of new studies to address the 
preservation of semen in refrigerated form for 
the buffalo species (Dhami and Sahni, 1994; 
Adeel et al., 2009; Akhter et al., 2011b ; Singh 
et al., 2012; Almeida et al., 2015; Almeida et 
al., 2016a; Almeida et al., 2017 and Almeida 
et al., 2020a, 2020b; 2021), also low-density 
lipoproteins (LDLs) have been the subject of 
research for chilled (Almeida et al., 2016b) 
and frozen buffalo semen (Akhter et al., 2011a; 
Brito, 2014; El-Badry et al., 2015 and Almeida 
et al., 2020a, 2020b; 2021). However, there is 
a paucity of information on the use of LDLs 
for chilled buffalo semen. The main advantage 
of this type of processing is the prevention 
of injuries related to the freezing process, 
ensuring greater sperm viability which in turn 
allows for a reduction in the insemination dose, 
optimization of high genetic merit breeders in 
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artificial insemination programs, lower cost 
of storage, in addition to its ease of use in AI 
studies (Verberckmoes et al., 2005 and Bucker 
et al., 2009). All these associated advantages 
act positively in reducing animal production 
costs, enabling the implementation and 
dissemination of techniques such as AI and 
TAI in the most diverse national livestock 
production systems.

Considering that the storage time influences 
the viability of refrigerated semen (Batellier 
et al., 2001), one of the main indications for 
the use of buffalo semen preserved under 
refrigeration are FTAI programs (Almeida et 
al., 2015; Almeida et al, 2016a; Almeida et al., 
2017; Almeida et al., 2021, 2022). The protocols 
allow the insemination of a large number of 
animals, in a short period of time (Bucker et 
al., 2009), allowing the incorporation of semen 
cooling technology even to the detriment of 
the low longevity of these samples. In this 
sense, refrigerated buffalo semen represents 
a promising alternative to cryopreserved 
semen, and can act to increase conception 
rates in AI and FTAI programs, reducing their 
final costs (Almeida et al., 2020c; 2021; 2022).

This study was carried out with the aim 
of comparing the pre- and post-refrigeration 
quality of buffalo semen diluted in three 
different diluting media (TRIS 10% LDL, 
Tolera D® and Botu-Bov®) in relation to 
sperm kinetics patterns by analysis (CASA) 
and sperm membrane integrity by the 
Hypoosmotic Test (HOST) for use in AI and 
TAI programs for buffaloes. 

MATERIAL AND METHODS
The study was carried out after approval 

by the Committee on Ethics in the Use of 
Animals (CEUA) of the Veterinary School 
of ``Universidade Federal de Minas Gerais`` 
(EV/UFMG), with the approval of number 
368/2015, according to the ethical principles 
of animal experimentation.

The experiment was conducted at the 
Bubalinoculture Biotechnology Center, 
located at the UFMG’s Experimental 
Sustainable Production Farm, in Pedro 
Leopoldo, Minas Gerais, with an average 
altitude of 710 meters, latitude 19o 37’ 05” S 
and longitude 44o 02’ 35” W.

Eleven Murrah buffaloes, aged 4 and 5 
years, were kept on pasture throughout the 
experiment, with salt and water ad libitum. 
These animals were already conditioned to 
semen collection with an artificial vagina 
and were maintained on a weekly collection 
basis throughout the entire period of the 
experiment.

Semen collections were performed 
using an artificial vagina at a temperature 
of 42-45 °C, with a false mount (in order to 
increase sperm volume and concentration) 
prior to semen collection (second mount). 
Immediately after collection, each ejaculate 
was submitted to analyzes of the physical and 
morphological characteristics of the semen 
according to the CBRA Manual (2013). Only 
ejaculates with ≥ 70% motility, vigor ≥ 3 and 
sperm abnormalities ≤ 30% and with at least 
600x106 SPTZ/mL were used. Each ejaculate 
was divided into 3 aliquots, each sample being 
diluted in one of the extenders to obtain 
50x106 SPTZ/mL. The bottling was carried 
out in straws of 0.5 mL, packed in a plastic 
bag submerged in a container with water (1.4 
L) at 27 ºC.

The flask was placed in an environment at 5 
ºC (refrigerated counter) obtaining a cooling 
curve of 0.25 ºC/minute (from 27 to 5 ºC/
average of the evaluated period). The straws 
were kept refrigerated at 5°C post-dilution for 
up to 72 hours.

To obtain LDLs (replacing egg yolk), fresh 
eggs produced on a commercial farm were 
used. The eggs were properly cleaned and 
submitted to the technique described by Neves 
et al. (2008). Composition of TRIS: TRIS 
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(2.42g), citric acid (1.36 g), Fructose (1.0 g), 
Amikacin (83.4 µg/mL), Equex 0.4%, LDL (10 
mL) and Autoclaved Milli-Q® H2O (complete 
100 mL), adapted from Brito (2014), with all 
reagents used from Sigma-Aldrich®. The other 
two extenders used are commercial products, 
the first with soy lecithin replacing the egg 
yolk (Tolera D® - ``Inprenha Bioctecnologia 
e Desenvolvimento Avançado`` S.A., São 
Paulo, Brazil) and the second (Botu-Bov® 
- BotuPharma Biotecnologia Animal, São 
Paulo Brazil).

 The evaluation of sperm motility 
immediately after the final dilution was 
performed subjectively (Nikon 200 phase 
contrast microscope - T0 hours). Before 
the subsequent evaluations (T1, T24, T48, 
T72, T96 and T120 hours post-dilution with 
refrigeration at 5 oC), one straw being reheated 
at 37 ºC/30 seconds. An aliquot of each 
sample was deposited in a 1.5 mL Eppendorf® 
tube and incubated in a “dry bath” at 37 °C/5 
minutes, until they were submitted to motility 
analysis by the CASA computerized system 
(model Sperm Class Analyzer - SCA ® v.4.0). 
The setup used for buffalo semen analysis 
was: particle area (20 to 70 microns2), VCL 
(10 < Slow < 25; > 25 and Medium < 50), 
Progressivity (> 70% STR), Circular (< 50% 
LIN), Points for the VAP (5) and Connectivity 
(12). For CASA analysis, 5 μL drops of each 
sample were placed between slide and cover 
slip, previously maintained at 37 °C, using 
5 captured fields, homogeneous, with a 
minimum of 200 spermatic cells in each one 
for the analysis of each sample from them.

Following the methodology proposed by 
Farell et al. (1998) used, for the weightings 
on the effectiveness of the extenders used, 
regarding the kinetic parameters of the 
CASA, that set of parameters that, in the 
aforementioned study, presented the highest 
correlation with fertility. These parameters 
were: Total Motility (MT), Progressive 

Motility (MP), Curvilinear Velocity (VCL), 
Path Velocity (VAP), Progressive Velocity 
(VSL), Linearity (LIN), Straightness (STR), 
Oscillation Index (WOB), Lateral Head 
Displacement Amplitude (ALH) and Tail Beat 
Frequency (BCF).

To perform sperm concentration, cell count 
was used in the Neubauer hematocytometric 
camera at a dilution of 1:200, in formalin-
saline-buffered solution (Hancock, 1957), 
also under conventional optical microscopy 
at 400x magnification (CBRA, 2013).

For the evaluation of sperm morphology, 
an aliquot of 50 μL of semen was added to 
1000 μL of formalin-saline-buffered solution 
(Hancock, 1957), depositing these evaluation 
contents in conical Eppendorff® tubes of 1.5 
mL, and the analysis was performed in a humid 
chamber, with a phase contrast microscope 
at 1000x magnification. The pathologies 
were classified into major defects (DM) and 
normal, as recommended by (CBRA, 2013).

  For the hyposmotic test (HOST), an 
aliquot of 50 μL of semen was added to 500 μL 
of a hyposmotic solution containing fructose-
sodium citrate at 121 mOsm/L (2.702 g of 
fructose + 1.324 g of sodium citrate). This 
solution was incubated for 30 minutes in a dry 
bath at 37 ºC and fixed in 200 μL of buffered 
saline formol, for later analysis in a phase 
contrast microscope (x1000), 200 cells being 
counted according to the presence or absence 
of a tail coiled (Melo et al., 2005).

In order to carry out the statistical 
analysis, a sample design was developed 
using 3 extenders, 6 evaluations carried out at 
different times and 11 breeders, configuring 
a blocking scheme, characterizing three 
sources of variation (extensor, refrigeration 
time and bull). Because it is a randomized 
block design with repeated measurements for 
each treatment and animal, the Friedman test 
was the most appropriate, which was carried 
out by comparing pair by pair (pairwise 
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comparison). The statistical package used 
was STATA 12.0 Statistical Analysis Software 
(Statacorp, 2012).

RESULTS AND DISCUSSION
The physical characteristics of the in 

natura ejaculates used for the experiment are 
presented in table 1.

Semen analysis is a simple assessment, 
but with a high degree of importance. In 
Brazil, according to the Manual of andrology 
and semen evaluation (CBRA, 2013), to be 
considered a fertile buffalo, the animal must 
have the following characteristics in fresh 
semen 300-1200x106SPTZ/mL, vortex ≥ 
3, above 70% motile spermatozoa, vigor ≥ 
3 and more than 70% of spermatozoa with 
normal morphology, and in frozen semen: ≥ 
10x106SPTZ motile, motility ≥ 30%, vigor ≥ 
2, normal SPTZ ≥ 70% and major defects ≤ 
10.

For in natura semen, all 11 bulls analyzed 
(Table 1) had values for sperm parameters 
above the minimum values recommended 
by CBRA (2013). The association of the 
good values obtained in the studied seminal 
parameters, allows to make a good estimate 
of the fertilizing capacity of a given sample 
(Severo, 2009), however the andrological 
selection can provide the choice of superior 
sires, but by itself it is not able to predict 
effectively the cooling and freezing potential 
of semen. This is because the extender often 
does not equally protect the spermatozoa from 
the ejaculate of different bulls, highlighting 
the differences between the animals and their 
genetic material.

The good parameters found for the in 
natura semen of the animals studied are 
partly due to the fact that they have been in a 
weekly seminal collection regime for at least 
3 years. And also associated with performing 
a false mount (diversion of the penis without 
performing the semen collection, which was 

only performed on the second copulation 
attempt, this to obtain an ejaculate with 
greater volume and better concentration, since 
the animal will be prestimulated). However, 
sperm volume and concentration are variable, 
due to seasonality, climate, time of day, period 
of sexual rest of the animal and collection 
method (artificial vagina, electroejaculator 
and/or massage of the ampoules of the vas 
deferens).

Salvador et al. (2008) reported that high 
initial sperm motility in in natura semen does 
not, by itself, guarantee good performance in 
freezing, but allows animals with high rates 
of motility drop to still show approval in 
post-freezing semen. According to Cox et al. 
(2006) sperm motility is commonly identified 
as one of the most important characteristics 
associated with the fertilizing ability of sperm. 
Verstegen et al. (2002) reported that CASA-
assisted sperm analysis provides an objective 
classification of a given sperm population and 
is considered to be one of the most reliable 
methods for assessing semen quality.

According to Chacur (1996) and Chacur et 
al. (1997), the analysis of multiple attributes of 
sperm movement using the CASA technique 
and the determination of sperm viability using 
cytoplasmic membrane analysis techniques 
can add greater sensitivity to the in vitro 
evaluation of buffalo semen.

Computerized semen analysis was 
standardized using 5 µL of each sample, 
waiting 5 minutes for sedimentation and then 
choosing five fields from a total of nine, using 
a concentration of 50x106 SPTZ/mL, trying to 
maintain the maximum possible homogeneity 
between the analyzed samples.

For the post-dilution semen, there was no 
significant difference (P>0.05) for the sperm 
motility parameters (Table 2), with these 
being above 96% for Total Motility (MT) and 
79% for Motility Progressive (MP). 

There is a scarcity of literature on the 
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Animals Vol.
 (mL)

Turb.
(0-5)

MS
 (%)

Force
(0-5)

Concentration
(x106/mL)

DM
(%)

Normal
(%)

1 3 3 85 3 840 7 76
2 1,8 3 80 3 625 8 72
3 5 3 80 3 3195 5 81
4 1 3 85 4 1190 6 78
5 1 3 85 3 1135 10 70
6 1,1 4 90 4 1005 4 81
7 1 3 85 3 1190 7 71
8 2,1 3 80 3 930 9 75
9 2,1 4 90 4 985 6 79

10 3,5 4 90 3 1645 9 72
11 2,6 5 95 4 1425 3 86

Average
±DP 2,2±1,3 3,5±0,7 85,9±4,9 3,4±0,5 1287,7±658,2 6,7±2,1 76,5±4,8

Caption: Vol. = volume; Turbo. = Whirlwind; MS = Subjective motility; DM = Major defects; SD = Standard 
Deviation.

Table 1 - Characteristics of the ejaculates of 11 buffaloes evaluated immediately after collection.

Sperm parameters Time
(hours)

Extenders
TRIS 10% LDL Tolera D® Botu-Bov®

MT (%)

1 96,3a 96,1a 96,5a

24 90,9b 89,2b 93,8a

48 88,0a 87,5a 91,3a

72  78,4ab 75,7b 85,1a

96 62,0a 55,9b 73,7a

120 44,2b  45,1ab 57,0a

MP (%)

1 81,4a 79,5a 82,2a

24 72,8a 64,8b 75,8a

48 64,2a 62,4a 67,2a

72 50,4ab 48,5b 61,2a

96 35,0b 29,6b 48,5a

120 21,6b 23,1b 34,6a

VCL (µm/s)

1  89,0ab 98,0a 80,6b

24 82,2a 94,6a 71,4b

48 89,9a  81,8ab 71,2b

72 85,0a 69,8b 63,8b

96 77,9a 67,5b  72,5ab

120  57,4ab 64,1a 50,8b

VAP (µm/s)

1 57,2b 76,2a 63,0b

24 56,2b 70,9a 63,6b

48 55,3a 62,5a 56,2a

72 56,3a 44,5a 47,4a

96 48,4a 43,1a 46,2a

120   32,6ab 37,1a 29,0b
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VSL (µm/s)

1 32,0b 48,4a 49,2a

24 32,6b 53,2a 52,1a

48 27,9b 44,2a 47,6a

72 21,7b 39,8a 43,9a

96 25,4b 29,0ab 41,4a

120 18,1a 20,1a 22,2a

LIN (%)

1 36,5c 51,1b 59,4a

24 36,9c 56,2b 68,9a

48 33,2c 57,4b 65,7a

72 31,3c 48,8b 69,9a

96 31,5c 41,7b 65,9a

120 29,1c 37,4b 44,8a

STR (%)

1 59,5c 68,8b 80,4a

24 58,3c 74,4b 85,0a

48 45,1c 75,1b  85,1a

72 49,4c 65,7b 89,0a

96 57,9c 63,8b 90,3a

120 48,7c 63,7b 75,5a

WOB (%)

1 62,3b 73,7a 74,9a

24 65,4c 73,8b 79,4a

48 67,4b 77,8a  78,1a

72 62,4b 74,0a 78,0a

96 62,2b 62,6b 73,3a

120 54,6a 60,0a 60,5a

ALH (µm)

1   3,4c   3,0b   2,7a

24   3,3b   3,2b   2,2a

48   2,9b    2,6ab    2,2a

72   3,0b   2,7b   2,0a

96   3,0a   3,0a   2,8a

120   2,7a   2,5a   2,4a

BCF (Hz)

1 10,0b   8,9b 11,1a

24 10,3a 10,9a 11,5a

48 10,2b  11,1ab 12,4a

72 10,3b 10,7b 12,5a

96 10,3b 10,2b 11,9a

120   9,7a 10,4a 10,1a

Different letters in each sperm characteristic (line) differ statistically from each other (P<0.05). VCL: 
Curvilinear Velocity; VAP: Travel Speed; VSL: Progressive Speed; LIN: Linearity; STR: Straightness; WOB: 
Oscillation Index; ALH: Lateral Head Offset Amplitude; BCF and Tail Beat Rate. Values discussed by time 

for each extender and kinetic parameter (line). 

Table 2 - Effects of different extenders used on semen from 11 buffaloes (1 ejaculate/donor), post-dilution 
(T1 hours - room temperature), and refrigerated (T24, T48, T72, 96 and 120 hours) for kinetic parameters 

sperm.
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distribution of sperm velocity in fresh 
and chilled buffalo semen analyzed by the 
computerized CASA system. For fresh semen, 
the values of MT, MP and sperm concentration 
found in this study are higher than those 
reported by (Mahmoud et al., 2013). Similar 
values for MT were also reported by Becerra 
(2017) when evaluating fresh buffalo semen 
with TRIS extender medium with 10% LDL. 
However, for MP the author obtained a lower 
motility (< 40%).

For the other kinetic parameters, there was 
a statistically significant difference (P<0.05), 
observed in the seminal post-dilution, 
verifying that the Botu-Bov® extender 
presented the highest values for LIN, STR, 
WOB, ALH and BCF. This probably occurred 
due to the difference in composition and 
concentration of the components present 
for each of the extenders used, causing the 
osmolarity and viscosity of the medium to 
contribute to a variation in sperm kinetics.

Results similar to those found by Celegnini 
(2005) and that had been clarified by Mortiner 
(1997) and Hiraí et al. (1997), stating that the 
density of the medium can directly influence 
sperm velocity. Another point that contributed 
to the difference in viscosity is the presence of 
glycerol in the composition of the commercial 
media, which is not present in the TRIS 10% 
LDL medium, because the commercial media 
are indicated for cryopreservation. However, 
Almeida et al. (2015 - unpublished data) when 
testing the TRIS extender with 10 and 5% LDL 
with and without glycerol for cooling buffalo 
semen at 5 ºC did not find differences between 
treatments.

For the time of 24 hours after refrigeration, 
no statistically significant difference was 
observed between the TM extensors (P>0.05), 
but the MP showed a significant difference 
(P<0.05), with the highest percentages in favor 
of the TRIS medium with 10% LDL and Botu-
Bov®, which remained above 70% (Table 2). 

However, it can be observed that the motility 
for the extensors did not have a sharp drop 
between in natura and refrigerated semen for 
up to 24 hours, showing that the refrigeration 
process was efficient in preserving the 
spermatozoa.

Becerra (2017) in a study with refrigerated 
semen for 24 hours, reported a MT close to 
90% and MP below 50%, using the TRIS 
extender with 10% LDL. Tarig et al. (2017) 
when studying the effects of different 
concentrations of soy lecithin (LS) and virgin 
coconut oil in a TRIS extender for the quality 
parameters of bovine semen, found a motility 
of 81.0% for the extender with 1.25 % of LS.

Almeida et al. (2020a) reported MT 
and MP values greater than 89% and 64%, 
respectively, for 24 hours of refrigeration at 
5 oC, when testing four different extenders. 
Previously Almeida et al. (2016b), when 
studying the cooled semen of buffaloes in 
different extenders for 24 hours, reported 
having found mean values for TM and PM of 
81.8 and 53.5%, respectively. A lower result 
(60.0%) was obtained by Sing et al. (2012), 
when evaluating buffalo semen refrigerated at 
5 ºC in TRIS extender medium for 24 hours. 

As for the kinetic parameters VSL, LIN, 
STR, WOB, ALH and BCF, the Botu-Bov® 
extender was statistically superior to the 
others (P<0.05). However, it was verified 
that all extenders were efficient in preserving 
the semen during the first 24 hours of 
refrigeration, corroborating Almeida et al. 
(2020a). The Botu-Bov® extender presented 
the lowest values for ALH for the 24-hour 
evaluation period, indicating that the lateral 
displacement of the sperm head towards this 
medium tended to interfere less with cell 
progression.

Arruda (2003) reported that the highest 
numerical value of ALH translates into 
worse sperm quality. However, this value was 
mathematically determined and maximum 
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and minimum limits have not yet been 
established to say how much displacement of 
the head could interfere with the progressive 
motility or even the fertilization process of the 
oocyte (Celeghini, 2005 and Celeghini et al., 
2008).

BCF was the same for extenders in 
refrigerated semen for 24 hours. This suggests 
that the extensor means were efficient in 
preserving the flagellar structures in the first 
24 hours of refrigeration. However, given the 
superiority of the Botu-Bov® stent found for 
most of the evaluated parameters, this would 
be the stent chosen for use with 24 hours of 
refrigeration at 5 oC.

After 48 hours of refrigeration, no statistical 
difference was observed between the extenders 
for TM and MP (P>0.05), maintaining an MP 
above 60% for both extender media (Table 
2). A similar result was obtained by Almeida 
et al. (2020a), when they evaluated buffalo 
semen refrigerated for up to 72 hours in four 
different extenders.

For the 48-hour period, the Botu-Bov® stent 
presented the highest values for the evaluated 
kinetic parameters, except for the VCL, where 
TRIS stents with 10% LDL and Tolera D® were 
superior. A conclusive explanation for this 
finding was not found, since the TM and MP 
did not differ between the extensors. However, 
Blesbois et al. (1999) reported the effects of 
refrigeration on the lipid components of the 
plasmatic membrane of bird spermatozoa, 
noting a decrease in total lipids from 820 to 620 
µg/109 spermatozoa after 48 hours of storage 
at 5 oC and also a decrease in phospholipids 
of 75 to 60%. The authors concluded that 
there was a lysis of lipids, peroxidation and/
or an endogenous metabolism of lipids in 
the sperm membrane capable of altering its 
composition, metabolism and fusion capacity.

Almeida et al. (2020a) reported values 
greater than 87.5 and 62.4% for MT and MP 
in buffalo semen refrigerated at 5 oC for 48 

hours, respectively. Becerra (2017) found an 
MT close to 70% and an MP lower than 40% 
for semen refrigerated for 48 hours. Almeida et 
al. (2016b) when researching the refrigerated 
semen of buffaloes at 5 oC in different 
extenders for 48 hours, found for TM and PM 
(70.5 and 42.4%, respectively). A similar result 
for motility (41.7%) was obtained by Sing et 
al. (2012) when evaluating refrigerated semen 
of buffaloes at 5 ºC for 48 hours. A possible 
explanation for this lower motility value found 
by the authors is probably due to the different 
periods of semen collection and the different 
animals used. It is possible to observe that 
ALH was lower for the Botu-Bov® extender, 
with less interference in sperm progressivity 
(Table 2), which is desirable for an efficient 
extender, and the extender is recommended 
for use after 48 hours of refrigeration.

TRIS extenders with 10% LDL and Botu-
Bov® were similarly efficient MT and MP for 
72 hours of refrigeration (Table 2), with values 
greater than 78 and 50% being found for MT 
and PM, respectively. It becomes evident that 
the refrigeration for buffalo semen is highly 
efficient in preserving the spermatozoa, 
corroborating with Dhami and Sahni (1994). 
Similar results were obtained by Almeida 
et al. (2020a) when evaluating four different 
thinners for these same refrigeration times at 
5 oC. However, lower results for TM (< 50%) 
and MP (< 20%) were found by Becerra (2017) 
when analyzing buffalo semen refrigerated for 
72 hours. 

Tarig et al. (2017) reported a motility 
of 63.5% for bovine semen refrigerated for 
72 hours in medium containing 1.3% LS, a 
result higher than the 31.7% found by Sing 
et al. (2012), using the TRIS extender for 72 
hours in the cooling of buffalo semen at 5 
ºC. Working with refrigerated buffalo semen 
at 5 oC for 72 hours Almeida et al. (2016b) 
reported obtaining 55.9 and 30.9% for TM 
and PM.
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The Botu-Bov® and Tolera D® stents showed 
similar values (P>0.05) for the VCL, VSL and 
WOB kinetic parameters. But for ALH and 
BCF, the Botu-Bov® medium was superior to 
the others (P<0.05), given the results obtained, 
the Botu-Bov® extender was superior to the 
others for most of the characteristics analyzed 
after refrigeration for 72 hours.

After 96 hours of refrigeration, the semen 
continues with good motility, with a MT 
greater than 70% being found for the Botu-
Bov® extender. For PM Botu-Bov® showed 
a statistically significant difference (P<0.05) 
being superior to other extenders with more 
than 48% PM.

In a study carried out by Becerra (2017), 
the values found for TM and MP remained 
below 30%, indicating under the conditions 
in which the experiment was carried out, that 
refrigeration after 72 hours was not effective 
in preserving spermatozoa, thus preventing its 
use in reproductive insemination programs. 
A similar result was found by Almeida et al. 
(2016b) when studying the refrigerated semen 
of buffaloes for 96 hours in the CASA system, 
obtained 28.4% for TM and 18.1% for PM.

The kinetic parameters (LIN, STR, WOB 
and BCF) also remained superior for the Botu-
Bov® extender. This statistical difference in 
favor of Botu-Bov® is probably due to a lower 
density and viscosity of the extender, since 
the motility for this medium was superior to 
Tolera D® and equal to TRIS with 10% LDL, 
indicating that with the As the days go by, the 
extender with soy lecithin tends to agglutinate 
and make it difficult for the sperm to move. As 
for VAP and ALH, the values found for both 
extenders were similar, showing that both 
extenders were efficiently able to preserve the 
refrigerated semen.

In the last evaluation with 120 hours, it is 
possible to verify a greater MT and MP for the 
Botu-Bov® extender, with values above 57 and 
34%, respectively. 

Making a comparison with frozen 
semen for the buffalo species, it appears 
that international standards postulate that 
at least 50% of sperm must be motile after 
thawing (Zhang et al., 1999). In the CBRA 
manual (2013), there is a recommendation 
to use post-thawed buffalo semen that has a 
minimum of 30% motility. As it can be seen in 
Table 2, if these assumptions are met, semen 
refrigerated for up to 120 hours can be used 
without a problem. However, given the ease 
of collection of the bull (conditioned to the 
artificial vagina) once present on the farm 
where the insemination work will be carried 
out and being able to use fresh semen after 
dilution and even refrigerated for 24 and 
48 hours, it is not justified to use a semen 
with lower motility than that obtained with 
48 hours. Not to mention that the risk of 
a reduced pregnancy rate after 48 hours of 
refrigeration is much greater.

Furthermore, maintaining a semen 
collection interval of 24 to 48 hours, it is 
possible to perform 2 to 3 collections per week 
from the same animals in order to use them 
in AI and FTAI programs, thus optimizing 
the animals and achieving inseminate a large 
number of females at the same time. The other 
kinetic parameters remained constant between 
the evaluated times, with the highest values 
always found for the Botu-Bov® extensor.

Becerra (2017) after 120 hours of 
refrigeration for buffalo semen, reported 
values for MT and PM of less than 20 and 
10%, respectively.

The hyposmotic test (HOST) was chosen to 
assess the integrity of the plasma membrane, 
since a proven correlation was found between 
the results of the HOST test and the in vivo 
fertility rate (Brito et al., 2003). This test 
can therefore be used to predict fertility. In 
the post-dilution period, HOST showed a 
statistically significant difference between 
extenders (P<0.05), even so, all means were 



11
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI 10.22533/at.ed.9733102313077

efficient in protecting spermatozoa, as shown 
in Table 3.

The percentages of HOST-reactive 
spermatozoa found in this study for in natura 
semen were higher than the 84.5% reported 
by Mahmoud et al. (2013). Besides, it is higher 
than the 83.3% found by Becerra (2017) for 
in natura buffalo semen, using the TRIS 
extender with 10% LDL. Almeida et al. (2020a) 
obtained values ranging from 77.1 to 83.8% 
for in natura buffalo semen when comparing 
four different extenders for refrigeration.

Sperm 
parameters

Time
(hours)

Extenders
TRIS 10%

 LDL
Tolera

D® Botu-Bov®

HOST (%)

1 91,5b  92,3ab 92,9a

24 83,1b 83,6b 86,8a

48 75,7b 76,6b  80,1a

72 68,4b 69,6b 73,4a

Different letters in each sperm characteristic 
(line) differ statistically from each other 
(P<0.05). HOST: Hyposmotic Test. Values 
discussed by time for each extender and 

kinetic parameter (line). 

Table 3 - Effect of different extenders used for 
semen from 11 buffaloes (1 ejaculate/donor), 
post-dilution (T0 hours - room temperature), 
and refrigerated at 5 oC (T1, T24, T48 and T72 
hours) for sperm membrane integrity (HOST).

Another study, carried out with refrigerated 
semen of buffaloes at 5 ºC in a TRIS extender, 
using HOST to verify the integrity of the sperm 
membrane Sing et al. (2012) reported 62.0% 
of reactive sperm for post-dilution semen. 
In the present study, the HOST, even with 
high values for all the stents, was significantly 
higher (P<0.05) for the Botu-Bov® medium. 

For spermatic membrane integrity after 
24 hours of cooling, there were significant 
differences between the extenders (P<0.05), 
being favorable to the Botu-Bov® extender. 
Values lower than those found in this study for 
HOST were reported by Tarig et al. (2017) for 

bovine semen refrigerated for 24 hours (72.1%), 
in TRIS extender with coconut oil with 1.25% 
LS. Becerra (2017) reported a percentage of 
70.8% of HOST-reactive spermatozoa for the 
24-hour period of evaluation of buffalo semen 
refrigerated at 5 ºC. Sing et al. (2012) reported 
48.7% of reactive sperm for semen 24 hours 
after refrigeration using the TRIS extender for 
buffalo semen.

After 48 hours of refrigeration at 5 ºC, there 
were significant differences between the stents 
(P<0.05), once again in favor of the Botu-Bov® 
stent. With the values obtained, it is possible 
to verify a high percentage of spermatozoa 
reactive to HOST, demonstrating that the 
extenders were efficient in protecting the 
spermatozoa.

Becerra (2017), for buffalo semen 
refrigerated for 48 hours in a TRIS extender 
with 10% LDL, obtained 74.7% of spermatozoa 
with intact spermatic membrane. In another 
study using the TRIS extender, Sing et al. 
(2012) reported 37.0% of reactive sperm for 
refrigerated buffalo semen.

As it can be seen in table 3, the extenders 
were effective in protecting the integrity of the 
spermatic membrane, for up to 72 hours, and 
for up to this observation time, the Botu-Bov® 
extender remained superior to the others. 
Lower value was reported by Tarig et al. (2017) 
for bovine semen refrigerated for 72 hours in 
a TRIS extender with coconut oil with 1.25% 
LS (58.7%). In another study related to sperm 
membrane integrity, Becerra (2017) reported 
having found 61.8% of HOST-reactive 
spermatozoa for buffalo semen refrigerated 
for 72 hours in TRIS extender with 10% LDL.

Ahmed et al. (2016) reported that the main 
parameters to predict the fertility of frozen 
and field-thawed buffalo semen are MP, rapid 
velocity, VAP, VSL and supravital plasma 
membrane integrity. If the same kinetic 
parameters are taken for the refrigerated 
semen of buffaloes at 5 ºC, it is observed that 
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the Botu-Bov® extender presented similar or 
superior values to the other means for most of 
the parameters in all studied times.

During the evaluations of the three 
extenders for refrigeration, for a period of up 
to 120 hours, there were several alternations 
between the extenders for some kinetic 
parameters analyzed, thus it is believed that 
the components present in the commercial 
extenders, mainly in Botu-Bov®, could be 
acting by stimulating the frequency of sperm 
cell beats through the production of ATP. 
However, the exact composition of these 
extenders is not disclosed due to industrial 
secrecy, making it impossible to comment 
further.

Even though there is no indication in the 
package insert for the use of commercial means 
(Botu-Bov® and Tolera D®) for the buffalo 
species, these as well as TRIS with 10% LDL 
were efficient in preserving the motility and 
integrity of the spermatic membrane, during 
refrigeration times under the conditions in 
which the experiment was carried out, thus 
allowing to recommend its use for refrigerated 
semen for up to 48 hours to be used in AI and 
TAI programs.

So far, cryopreservation methods and 
simple insemination techniques are not able 
to provide pregnancy percentages similar to 
those found with natural mating. Therefore, 
it is extremely important to develop research 
that seeks more effective methods, aiming 
at the production of excellent quality semen 
samples, which would allow obtaining good 
fertility rates. In view of the results obtained 

in this study and data from other studies 
mentioned here, refrigerated semen appears 
as an alternative to improve pregnancy rates 
in AI and TAI programs in buffalo farms.

CONCLUSIONS
It is concluded that the Botu-Bov® diluent 

was equal to or superior to most of the 
parameters evaluated by CASA, constituting a 
new viable option for an extender medium for 
cooling buffalo semen.

Sperm membrane integrity was better 
preserved by the Botu-Bov® extender for 
buffalo semen refrigerated at 5°C for up to 72 
hours.

Based on the results obtained, it is possible 
to conclude that the Botu-Bov® extender 
shows potential to maintain semen quality, 
with individual motility, viability and 
integrity of the spermatic membrane during 
the liquid preservation of buffalo semen at 5 
ºC. Therefore, it can be used as an alternative 
in AI and TAI programs for buffaloes for up to 
48 hours, aiming to improve pregnancy rates.
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