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Abstract: Artificial Insemination (AT) with frozen Boer goat semen could be a viable option
for genetic upgradation of non-descript local goats. To maximize the utilization of Boer
germplasm, mimmizing the losses due to poor freezability and improving the quality of
frozen semen are the arcas to be addressed. A study was conducted to assess the
deterioration in the quality of semen in terms of motility characteristics of spermatozoa
during the processing of semen for cryopreservation using Computer Assisted Semen
Analvsis (CASA) technique. A highly significant decline in sperm motility, progressive
motility, path velocity and progressive velocity was noticed during equilibration. Semen
samples with acceptable freezability differed from samples not freezing well by not showing
any significant decrease in velocity characteristics of the spermatozoa during glycerol-
equilibration. The decline was significant in semen samples that froze poorly. Comparing
the motility characteristics of spermatozoa during glycerol-equilibration in the good and poor
samples, the progressive velocity in poor samples was significantly lower than that of good
samples at 3 and 4 h of equilibration. The curvilinear velocity of spermatozoa was also
significantly less in poor samples than good samples after 4 h. These results indicate that
velocity of sperm motion plays a vital role in determining the post-thaw quality of frozen
semen. Cryopreservation significantly affected the quality of frozen semen by lowering all
the motion characteristics post-thawing. This study also revealed that the duration of
exposure of spermatozoa to the cryoprotectant during ecquilibration is critical in
cryopreservation of Boer cross goat semen. A shorter duration of 2 h of equilibration with
glycerol at 5°C may be beneficial for Boer goat semen cryopreservation.

Key words: Computer Assisted Semen Analysis (CASA), sperm motility, glycerol-
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INTRODUCTION

Artificial Insemination (AI) with frozen semen has been proved as the most potent method for
rapid genetic improvement in domestic animals. Although the basic principle of cryopreservation is
similar for spermatozoa of most mammalian species, the sperm from different species may react
differently to freezing due to their difference in morphology and certain biochemical constituents.
Therefore, a cryopreservation protocol developed for one species may not be ideal for sperm of other
species.

The goat plays a vital role in the economy of the poor and marginal farmers of rural India. Not
withstanding the fact that the goat population has shown a steady growth over the years very little
structured effort has been taken for genetic improvement at farm level. In recent years, use of the South
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African Boer goat has been contemplated for the upgrading of the local non-descript goats in India
especially on an experimental basis. Considering the high cost of importation of purebred Boer goats,
Al using frozen semen is practiced to produce superior progeny and accelerate the upgrading of stock.
Studies on semen production potential and the freezability of Boer semen have indicated Boer
spermatozoa to be successfully aryopreserved for use in AL (Tuli and Holtz, 1995; Sundararaman and
Edwin, 2003). Thus to maximize the potential of frozen goat semen production of superior germplasm
for wider application, it is essential, not only to mimimize the losses due to poor freezability of
samples but also to improve the quality of semen following freezing as well, as an effort of achieving
better fertility results following Al

At each stage of the cryopreservation cycle, which includes the entire process of semen
collection, dilution, equilibration and freezing, the spermatozoa may lose the ability to fertilize
normally (Watson, 1995).

It is therefore mandatory to optimize a cryopreservation cycle, which would cryopreserve the
largest mumber of structurally and functionally normal spermatozoa. The equilibration of extended
semen at 5°C is an essential step in many protocols for the cryopreservation of mammalian
spermatozoa. Equilibration facilitates the cryoprotectant, glycerol present in the semen diluent to exert
a beneficial effectin terms of mimimizing the degree of structural damage to spermatozoa during deep
freezing.

Glycerol, as a cryoprotectant in diluents has vielded successful results in the cryopreservation
ofram (Salamon and Maxwell, 2000; Gil et af., 2003) and goat (Leboeuf et al., 2000; Sundararaman and
Edwin, 2003; Peterson et af., 2006; Purdy, 2006) semen. However, glycerol is somewhat toxic to
spermatozoa (Holt, 2000) and may induce osmotic damage (Purdy, 2006). The addition of glycerol by
itself may cause certain structural damage and lowered motility of spermatozoa (Almquist and Wiggen,
1973; Colas, 1975, Watson, 1981; Hammerstedt ef @/., 1990; Bhosrekar ef af., 1994; Das and
Rajkonwar, 1994, 1996; Maxwell and Watson, 1996; Salamon and Maxwell, 2000; Sonmez and
Dimirei, 2004).

The semen equilibration time at 5°C generally varies for cryopreservation of spermatozoa in
different species. The period for each species has been standardized based on post-thaw motility as
microscopically assessed under phase contrast (Edwin and Ulaganathan, 1988). Irrespective of the
freezing protocol employed, variations have been observed between males regarding freezability and
fertility of semen, so they could be classified as good freezers or bad freezers (Leboeuf er ai., 2000).
This variability is relatively independent of prior semen quality and the semen of certain individuals
consistently freezes with less crycinjury than that of others (Corteel ef al., 1987). The fact that males
can often be classified as good freezers or bad freezers implies that certain characteristics of membrane
structure, which may be genetically determined, predispose towards survival under eryopreservation
stress (Watson, 2000). There are instances in which certain semen samples within a species having
good pre-freeze motility, still results in poor freezability. Differences in either ejaculation frequency,
or in epididymal transit times and sperm mixing in the epididymis, provide a potential mechanism for
variability in responses to subsequent temperature explaining why ejaculates within individuals can
vary in their responses to cryopreservation (Watson, 1995). Further, it is of interest to explore
whether any adverse changes that take place during exposure to the cryoprotectant during equilibration
influence the freezability of spermatozoa.

Sperm motility, in general and characteristics of sperm motion in particular could be some of the
indicators of the quality of spermatozoa. Commonly, by evaluating the proportion of progressive
motile percent at different stages, the quality of semen is monitored. However, evaluation of
characteristics of sperm motion may provide valuable information on why certain samples despite
containing good proportion of progressive motile spermatozoa pre freezing poorly freezable.
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Computer assisted semen analysis technique has been used to provide precise and accurate
information on sperm motion characteristics. Therefore, a study was undertaken to analyze the changes
in motility characteristics of Boer cross spermatozoa during equilibration at 5°C by Computer
Asgisted Semen Analysis (CASA) technique and its relevance in post-thaw survival of spermatozoa.

MATERIALS AND METHODS

Experimental Animals
Three Boer half-bred young males maintained under stall-fed conditions at Semen Bank, Madras
Veterinary College, Chennai, India were used for the study. The growing males were provided with
water and green fodder at-libitum, which included a kg of green lucerns/animal/day. Tn addition, 300 to
350 g of concentrate/animal/day was also fad. The research was undertaken during May and June
2004.

Semen Collection, Evaluation and Processing

The bucks (3-5 years of age) were trained to mount a teaser. Invariably one of the bucks was
alternately used as a teaser. Semen was collected by means of the artificial vagina. Prior to semen
collection, the goats were sexually aroused, by utilizing visual, olfactory and auditory stimuli. After
arousal, 2 or 3 false mounts were allowed to ensure a good quality ¢jaculate. Semen collections were
done twice a week. A total of 27 samples were collected. The samples were evaluated for ejaculate
volume, sample colour, consistency, mass activity, sperm concentration and progressive motility by
routine methods at room temperature (25-27°C). Nevertheless, the motility evaluation was done at
37°C. Semen samples having good quality with at least 70% of progressive motile spermatozoa were
selected for freezing. Samples were extended in a Tris-egg yolk based diluent containing 20% egg volk
and 7% glycerol (Sivaselvam ez af., 2000) in such a way that each insemination dose contained 1x10%
motile spermatozoa.

Equilibration of the extended semen was carried out for 4 h in a refrigerated cabinet (5°C). A
small portion of the extended semen sample was further prepared for the Computer Assisted Semen

Table 1: Analysis set-up for HT-TVOS Version 10.9 used to evaluate goat spermatozoa

Variables Settings
Frame rate (Hz) 60.00
Frames acquired 30.00
Minimum contrast 50.00
Minimum cell size 5.00
Threshold straightness 70.00
Medium VAP cut-off 25.00
Low VAP cut-off 5.00
Low VSL cut-off 5.00
Non-motile head intensity 70.00
Static size limit-minimum 0.52
Static size limit-maximum 1.99
Static intensity limit-minimum 0.50
Static intensity lirit-rasximum 1.25
Static elongation limit-minimum 17.00
Static elongation limit-maximum 66.00
Optic calibration

Magnification 1.89
Camera frequency (Hz) 60.00
Stage configuration-Makler

Chamber depth (pum) 10.00
Motile position (mim) 16.30
Static position (rmim) 16.30
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Analyses (CASA), by adjusting the sperm concentration to 20x10% mL™" using Tris buffer. The
samples under glycerol-equilibration were evaluated for motility using CASA technique at 0, 1, 2, 3
and 4 h of incubation at 5°C.

CASA Analysis

CARBA analysis was done using Hamilton-Thorne integrated visual optical system (HT-IVOS)
(Version 10.9). The analysis set-up used to evaluate the goat semen is set out in Table 1 with the
chamber temperature being set to 37°C. Using a micro-pipette, 4 pl. of the prepared semen sample was
loaded on the Makler counting chamber (Self-medical Insts Ltd.) and a cover glass was placed on the
droplet. Six microscopic fields were analyzed for each semen sample.

Equilibrated semen samples were packaged into French straws (0.25 mL) for eryopreservation.
After 24 h of storage at -196°C, the cryopreserved semen samples were thawed in a water bath at 37°C
for 30 sec. The CASA analyses of the post-thaw samples were performed by repeating the procedure
adopted for the samples pre-freezing.

Sperm Motility (SM): spermatozoa that are moving at or above minimum speed as determined
by values defined under set-up (%); Progressive Motility (PSM): spermatozoa moving with path
velocity at or above 25 um sec™ and straightness at or above 70%; path velocity (VAP): the average
velocity of the smoothened cell path (um sec™); progressive velocity (VSL): The average velocity
measured in a straight line from the beginning to the end of track (um sec™), Curvilinear velocity
(VCL): The average velocity measured over the actual point-to-point track followed by the cell (um
sec™; lateral amplitude of head (ALH): corresponds to the mean width of the head oscillation as the
sperm swim (umy); Beat Cross Frequency (BCF): frequency with which the sperm track crosses the
sperm path in either direction (Hz); straightness (STR): measures the departure of the cell path from
a straight line. Tt is the average value of ratio of VSL/VAP (%), lingarity (LIN): measures the departure
of the cell track from a straight line. Tt is the average value of ratio of VSL/VCL (%), were the sperm
motility characteristics analyzed by CASA technique.

Statistical Analyses

Based on post-thaw progressive motility, samples recording 40% or more progressive motility
were classified as Good and those with less motility as Poor freezability samples. In general, the
post thaw progressive motility of goat semen varies from 36.1% (Decka and Rao, 1987) to
46% (Aboagla and Terada, 2004). Tuli and Holtz (1995) reported the motility of Boer goat semen post
thaw as 29, 35, 39 and 45% at different seasons. Furthermore, in a pilot study on fertility in goats,
conducted by this department using cryopreserved semen with 40% and above motility post thaw,
an acceptable kidding rate was achieved on cervical insemination. Therefore, semen samples with 40%
and above progressive motility were classified as Good samples in this study. The results presented
as mean + SE, were analyzed by a one-way analysis of variance using microstat software (Ecosof Inc.,
1984, Balitimore, USA). Statistical significance was set at p<0.05 and p<0.01. The means were tested
as per Duncan (1995) for significance.

RESULTS AND DISCUSSION
Glycerol Equilibration on Sperm Motility Characteristics
A gradual and significant decline in sperm motility and progressive motility of spermatozoa were

recorded during the glycerol-equilibration period of from 0 to 4 h (Fig. 1). Regarding the velocity
parameters, glycerol-equilibration resulted in a highly significant reduction of path velocity and
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Fig. 1. Sperm motility following glyecerol-equilibration in Boer cross goat semen
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Fig. 2: Sperm velocity following glycerol-equilibration in Boer cross goats

progressive velocity (Fig. 2). However, the consistent decrzase in curvilinear velocity was not
statistically significant. The inconsistent variation in mean values for lateral amplitude of head beat
cross frequency, straightness and linearity did not show any significance.

Glycerol- Equilibration on Sperm Motility Characteristics-Good and Poor Freezable Samples
(Pre-Freeze Changes)

Both in good and poor freezability samples, the lowering of proportion of total sperm motility
and progressive sperm motility during equilibration were highly significant (Table 2). However, in both
classes of semen samples, the decrease in SM and PSM was not significant up to 2 h of glycerol-
equilibration but highly significant thereafter. A gradual non-significant decline in all the velocity
charactenistics, namely path velocity, progressive velocity and curvilinear velocity in good freezability
samples were observed for the 4 periods of equilibration, respectively. Whereas, in poor freezability
semen samples, the reduction in the velocity parameters was not significant only up to 2 h of
equilibration, but the decrease was significant thereafter for path velocity, progressive velocity and
curvilinear velocity, respectively. For other motility characteristics the variation exhibited was
inconsistent and not significant.
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Table 2: Means (+SF) for motility characteristics of Boer cross goat spermatozoa during gly cerol-equilibration
Period of glycerol-equilibration (h)

CASA Levels of
variables freezability 0 1 2 3 4
SM (%) Good 91.50+0, 98 92.304+0.67* 91.004+0.88 87.5041. 24" 83.20£2. 62
Poor 91.20+0.95 88.90£1.17 88.20<1.37 84.10£1.09 82.50<1.55°
PSM (90) Good 81.90+0. 6% 82.80+1.2(0 82.10+1.0% 78.50+1.06" 72.10+0.97
Poor 83.10+0.93* 80.80+1.02* 81.10+1.16 76.70+1.15° T4.10+1.44°
VAP (um sec™) Good 139.00+6.38 137.30+£7.58 133.80+6.34 133.1046.30 126.40+6.79
Poor 134,704, 23 128.804£3.77* 127.90£5.07 118.40+4.13* 112.3024. 000
VSL (um sec™) Good 128.20+5.52 126.60+7.08 124.50+5.62 123.60+5.66 117.10+5.94
Poor 123.70+£3.87 118.80+3.53* 117.60+4.29* 108.70+3.86" 103.70+3.33°
VCL (um sec™) Good 204.00+£9.69 205.304+9.88 201.40+9.93 196.3049.01 200.50+14.1
Poor 200.30+6.43 199.004£8.19* 197.00+6,93° 182.00+5.84* 171.80+6.12°
ALH (um) Good 6.06+0.33 6.09+0.30 6.01+0.20 5.90+0.25 6.13+0.29
Poor 5.82+0.21 5.85+0.24 581+0.25 5.59+0.25 5.44+0.22
BCF (Hz) Good 42.90+0. 69 43.10+£1.04 43.10+0.68 43.20+0.90 44.60+0.57
Poor 44.30+0,. 54 43.60+0.85 43.90+0.48 43.30+0.69 43.10+0.48
STR (%0) Good 89.80+0.74 90.204+0.79 90.60+0.58 90.404+0.82 90.104+0.69
Poor 91.20+0.62 90.50+0.66 90.80+0.84 89.50+0.61 89.60+0.67
LIN (%) Good 61.70£1.50 61.304£1.42 62.80+0.51 62.004£1.15 58.30+1.56
Poor 62.80£1.15 61.0041.37 61.204+1.20 59.1041.39 60.104+0.95

Means bearing different superscripts in arow differ significantly for Good (P<0.01) and Poor (P<0.05) freezability samples,
No. of good samples = 10, No. of poor samples = 17, SE: Standard Error
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Fig. 3: Progressive velocity of Boer cross goat sperm following glycerol-equilibration

The mean values recorded for progressive velocity of spermatozoa during equilibration for good
freczability samples were significantly higher at 3 and 4 h than those for poor freezability semen
samples (Fig. 3). The mean values obtained for curvilinear velocity after 4 h of equilibration for good
samples were also significantly higher than those recorded for poor freezability samples (Fig. 4).

Effect of Freezing on Sperm Motility Characteristics (Post-Thaw Changes)

Freezing had a significant effect on total motility, progressive motility, path velocity, progressive
velocity, curvilinear velocity, beat cross frequency, straightness, linearity and lateral amplitude of head
of goat spermatozoa (Table 3). The good freezability samples recorded a highly significant decrease
in total motility and progressive motility and also a significant reduction in all the velocity parameters
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Fig. 4: Curvilinear velocity of Boer cross goat sperm following glycerol-equilibration

Table 3: Means (+ SE) for sperm movement characteristics in Boer cross goats at the pre-freeze and post-thaw stages of
cryopreservation cycle (n =27)

Stages of cryopreservation cycle

CASA Level of
variables freezability Pre-freeze Post-thaw Significance
SM (%) Good 83.20+2.628 62.10+2.23° ik
Poor 82.50+1.55° 34.10+2.28° ke
Overall 82.701.34° 44.40+3.12* ke
PSM (%0) Good 72.10+0.97 49,5041, 40P ik
Poor 74.101.44° 26.10+1.90P ke
Overall 73.300.98* 34.70+£2.56° ke
VAP (um sec™) Good 12640679 107.3046.20° *
Poor 112.30+4.00° 93.10+3.46° ke
Overall 117.50+3.73* 98.30+3.37 ke
VSL (um sec™) Good 117.10+5.942 99.1045.91° *
Poor 103.70+3.33° §7.00+3.92° ke
Overall 108.70+1.23* 91.50+3.42° ke
VCL (pm sec™) Good 200.50£14.1¢ 163.40+8 48 *
Poor 171.80+6.12° 146,904, 72° ke
Overall 182.40+6.87* 153.10+4.50¢ o
ALH (um) Good 6.134+0.29 5.3540.27 NS
Poor 5.44+0.22 5.09+0.15 NS
Overall 5.69+0.19° 5.19+0.13 #*
BCF (Hz) Good 44.60+0.57* 42.30+0.33° *
Poor 43,10+0.48* 40.60+0.90° *
Overall 43.70+0.39* 41.20+0. 66 ik
STR (%0) Good 90.10+0.69* 87.40+1.37 NS
Poor 89.60+0.67° £6.30+0.88° #*
Overall 89.80+0.49* 87.00+0. 74 ke
LIN (%) Good 58.30+1.56° 56.70+1.45° NS
Poor 60.10+0.95° 55.50+1.24° ke
Overall 59.40+0.83* 56.00+0.94¢

**Means bearing different superscripts in a row differ significantly, ** = Highly significant (p<0.01), * = Significant
(p=<0.05), N8 =Nat significant, SE: Standard Error, N: Number of samples

and beat cross frequency. In contrast, semen with poor freezability showed a highly significant decline,
not only in total motility and progressive motility, but also other parameters like the three velocity
parameters and linearity besides a significant reduction in beat cross frequency and straightness.

In this trial, during equilibration, not only did the motility, but also the velocity characteristics
of the spermatozoa, viz., path velocity and progressive velocity show a decrease. The decline in sperm
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motility during equilibration may be due to formation of peroxides from free radicals. This oxidative
stress causes damage to biomolecules and cellular components (Halliwell, 1991). The sperm membrane
contains a high mumber of unsaturated fatty acids, which are predisposed to damage due to
peroxidation, which destroys the structural integrity of plasma membrane leading to loss in motility
(Aitken ez al., 1989; Jones and Mann, 1977b; Salamon and Maxwell, 2000). Further, the endogenous
phospholipids of damaged spermatozoa in ejaculates undergo peroxidation and the Reactive
Oxygen Species (ROS) produced may be toxic to the normal spermatozoa (Jones and Mann, 1977a;
Nichi et ed., 20006), which, perhaps also contributes to altering the speed of sperm movement. Although
semen contains substantial quantities of antioxidants to neutralize the peroxide formation (Lewis ef al.,
1997), the endogenous antioxidative property of semen may be inadequate during dilution and storage
Maxwell and Salamon (1993), Colas (1975), Watson (1981) and Maxwell and Watson (1996) also
reported the toxicity of cryoprotective agent glycerol in semen diluents, to bring about a reduction in
sperm motility and to alter the acrosome integrity by interfering with the permeability of the sperm
membrane.

In this experiment, all 27 samples that were subjected to cryopreservation showed 70% or more
of progressive sperm motility after glycerol-equilibration for 4 h before freezing. Of these, however,
only 10 samples (classified as Good freezability samples) exhibited satisfactory results after freezing
for A.I. The evaluation on glycerol-equilibration in good and poor freezable semen samples has revealed
that both classes of samples showed sirmlar trends for changes in total motility and progressive
motility besides changes in certain other motility characteristics namely, lateral amplitude of head, beat
cross frequency, straightness and linearity. However the decrease in speed of spermatozoa in terms
of path velocity, progressive velocity and curvilinear velocity was significant only in samples that
froze poorly. Furthermore, on comparing the movement characteristics of spermatozoa between good
and poor freezable samples during glycerolation, it was found that the progressive speed of
spermatozoa in the inferior samples was significantly lower than that of the samples that froze
satisfactorily following 3 and 4 h of glycerol-equilibration (Fig. 3). In addition, the curvilinear velocity
of spermatozoa was also significantly less in the weaker samples at 4 h of glycerolation (Fig. 4).
These findings were suggestive that it could possibly be the speed of sperm motility at pre-freeze stage
(after 4 h of glycerol-equilibration), which could have predominantly influenced the quality of frozen
spermatozoa. Van Duijn Jr. {1962) has reported that more than the initial velocity of spermatozoa, the
rates of velocity-decrease and the number of spermatozoa moving normally are more important with
respect to motility characteristics. Therefore, the rate of velocity retardation of spermatozoa could be
considered as an indicator for predicting livability and quality of sperm (Chakrabarti, 1993).

On evaluation of effect of freezing, it was observed that, all the motility characteristics of
spermatozoa were significantly influenced by freezing and thawing, which reiterates earlier findings
in Boer cross and Barbari goats {Sundararaman and Edwin, 2005). Even among good and poor freezable
samples there was not much of difference in sperm behavior due to freezing and thawing. All the sperm
motility and velocity parameters were significantly reduced in the post-thawing semen. Changes in the
osmotic pressure during semen processing for cryopreservation critically affect the spermatozoa. This
may be the most important deterrent to sperm survival during eryopreservation (Watson, 1995).
Furthermore, membrane destabilization can occur when the sperm plasma membrane undergoes a phase
transition from the liquid crystalline phase to the gel phase due to a decrease in temperature (Barrea-
Compean ef af., 2005). The irreversible changes in the sperm membrane induced by lipid phase
transitions during cooling warming may possibly affect the movement characteristics of spermatozoa
during semen processing for cryopreservation (Holt and North, 1984; Deleeuw et af., 1990). In
addition, frozen-thawed sperm are more vulnerable to oxidative stress due to peroxidation than sperm
in freshly diluted semen (Neild ef af., 2005). As semen is diluted many fold in the extender it reduces
the total antioxidant concentration in the medium and cells (Kumar and Das, 2005). Many sperm are
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killed during cryopreservation. Thus, it is likely that cryopreserved sperm cells are posed to more ROS
concentration and therefore many of the surviving cells post-thaw exhibit as if they are capacitated or
acrosome reacted (Bailey ef of., 2000). The overall effects of these events may adversely affect quality
of post thawing semen.

The present study indicated glycerol-equilibration to significantly affect sperm motility and
velocity or speed characteristics in Boer goat semen. In the freezing of goat semen, the quality of sperm
motility in terms of speed is important in determining the post-thawing survivability of the
spermatozoa in terms of progressive motility rather than the proportion of motile spermatozoa alone.
Further, the velocity measurements of sperm motility are useful in predicting the fertility of semen
(Holt etal., 1985, Budsworth et «f., 1988; Aitken, 1990; Sarma ef al., 1996; Tardiff et al., 1997,
Kirk et af., 2005). Therefore more emphasis has to be given to sperm velocity in semen processing and
the quality assessment of post-thaw spermatozoa. Rapidly moving post-thaw sperm seem to have a
high probability of crossing the cervical barrier during Al by cervical deposition. And this approach
may be more appropriate for small ruminants (Eppleston and Maxwell, 1993). The glyecerol-
equilibration period in the processing of semen may be optimized based not only on the evaluation of
sperm motility but also on the assessment of the velocity measurements using the CASA technique.
This enables rapid, precise and objective evaluation of sperm movement (Budsworth ef al., 1988;
Amann, 1989; Suttiyotin and Thwaites, 1992; Yeung et af., 1992). Thus the loss of precious
germplasm due to poor quality of post-thaw semen can be minimized and the quality of cryopreserved
spermatozoa in terms of fertility can be enhanced.

CONCLUSION

The current understanding with regard to differences in cryosurvival between good and poor
semen freezers is based solely on the ability of spermatozoa to withstand the drastic changes that
occwr during the actual freezing process and exposure to liquid nitrogen vapour. However, the present
study has shown that the challenges that the spermatozoa face starts much earlier in the freezing
protocol, viz., glyveerol-equilibration. Glycerol-equilibration adversely influences the movement of goat
sperm and the duration of exposure to the cryoprotectant becomes critical. A clear-cut difference,
which starts at equilibration can ultimately determine the degree of post-thaw survival of spermatozoa
of good and poor freczability semen samples. This study also shows the need to revisit
cryopreservation protocols existing with emphasis on sperm movement for the different species, as
the sensitivity of sperm to toxic effect of cryoprotectant vary. A short duration equilibration of 2 h
with glycerol may be beneficial for goat semen. The application of the CASA technique in evaluation
of the movement characteristics of spermatozoa, especially the speed and adoption of flexibility in
devising cryopreservation protocols accordingly, would offer scope for potential improvements in
quantity and quality of semen frozen in goats.
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