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Abstract

The automatic filling of semen doses for artificial insemination in swine shows economic advantages over the old-
style, manual filling. However, no data could be found regarding the impact, if any, of this packing method on semen
quality. This study aimed to compare two types of containers for boar semen, namely the automatically-filled tube
and the manually-filled bottle, in terms of preserving the quality of boar semen. Five ejaculates from five different
boars were diluted with the same extender and then divided in two aliquots. First aliquot was loaded in tubes filled
by an automatic machine while the second was loaded manually in special plastic bottles. The semen was stored in
liquid state at 17°C, regardless of the type of container and examined daily, for five days of storage by means of a
computer-assisted sperm analyzer. Both types of containers maintained the semen within acceptable values, but after
five days of storage significant differences (p<0.05) between the container types were observed in terms of all
selected kinetic parameters. The tube showed better values for sperm motility and velocity, while the bottle showed
superior values for straightness and linearity of sperm movement. The automatically-filled tubes offered better sperm
motility in every day of the study. Given the fact that sperm motility is still the main criterion in assessing semen
quality in semen production centers, the main conclusion of this study is that the automatic loading in tubes is
superior and recommended over the old-style manual loading in bottles.

Keywords: Al dose, boar, container, sperm

1. Introduction the sperm get in contact with the parts of a filling
machine that require rigorous hygiene and are
The commercial units are always looking for pumped in tubes at a high speed which could
improved efficiency and this applies also to swine cause additional stress, a fair question would be
semen production centers. In the past, the swine whether or not the automatic filling can influence
Al doses were filled and closed manually and this the quality of preserved semen. Unfortunately, no
method is still used in some small centers. data could be found regarding the impact, if any,
However, the automatic filling of semen doses of this packing method on semen quality in
shows an important economic advantage over the comparison with the old, manual method. Efforts
old-style, manual filling. It shortens the time have been made to assess the efficiency of
necessary to process the semen and makes it different types of containers, both in swine [1] and
possible to load a much higher number of semen other species [2-4] but no study could be found
doses within a day of work. As the contact of the comparing these methods and respectively these
semen with the air is shortened and the risk of types of container for boar semen.
contamination is decreased but on the other hand This study aimed to compare two types of
containers for boar semen, namely the
automatically-filled tube and the manually-filled
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bottle, in terms of preserving the quality of boar
semen during the conventional period of storage.

2. Materials and methods

Five ejaculates from five healthy and sexually
mature boars were collected using manual method
[5, 6] within a commercial unit specialized in
swine Al doses production. The ejaculates passed
the general exam and were diluted using the
BTS® short-term extender (Minitube, Tiefenbach,
Germany). Further, they were divided in two
aliquots and the extended semen was loaded in
two different types of containers, both commonly
used for boar semen preservation in liquid state, at
17°C. First type was the old-style 100 ml plastic
bottle, filled and closed manually (figure 1 —-A),
while the second type was the modern 100 ml
plastic tube, filled and closed automatically (figure
1 -B). Both types of containers used within this
study were produced by the same manufacturer
(Minitube, Tiefenbach, Germany), in order to
avoid the exposure of sperm to different chemical
environments.

The examination of extended semen was
performed in the day of dilution (Day 0) as well as
after one (Day 1), two (Day 2), three (Day 3), four
(Day 4) and five (Day 5) days of preservation in
liquid state, at 17°C. For the quality evaluation a
CASA system was used, namely SpermVision
version 3.7 (Minitube of America - MOFA®,
Verona, WI, USA) connected to an optical
microscope Zeiss Axio Scope.Al (Carl Zeiss
Microlmaging GmbH, Gottingen, Germania)
equipped with warming stage at 38°C. The
following parameters were determined: total
motility (TMot), progressive motility (PMot),
straight line velocity (VSL), average velocity
(VAP), curvilinear velocity (VCL), linearity
(LIN), straightness (STR), wobble (WOB), lateral

head displacement (ALH), beat cross frequency
(BCF). For “total motility” were considered all the
sperm showing any type of movement, while for
“progressive motility” were considered only the
sperm showing at least 25um/s average speed and
at least 0.3 linearity.

V

Figure 1 -A -B. Thtypes of containers used for
preservation of liquid state boar sperm: bottle (A) and
tube (B)

The collected data were processed using IBM
SPSS® Statistics version 21 (IBM® Corporation,
Chicago, IL, USA). The results are shown as mean
values * standard deviation (SD). To highlight the
significant differences between the two types of
container, the ,,Independent t-test” was applied.
The differences were considered to be statistical
significant if p<0.05.

3. Results and discussion

After five days of storage, the semen still showed
acceptable values for the Kinetic parameters,
regardless of the type of container (tablel).
Progressive motility remained >60%, a value
often considered an acceptance threshold before
using the semen for Al [7].

Table 1. The values of seminal parameters after five days of preservation, according to the type of container that was

used
CE%E’;"?; TMot PMot VAP VCL VSL STR LIN WOB ALH BCF
Bole Ve 68.60° 64.49° 69.27° 102.99° 62.19° 0.89° 0.60° 0.67° 2.42° 34.43°
11.93 1278 1150 1625 1051 0.02 005 006 035 3.21
Tube Mean 74.43° 70.38° 73.73"° 118.07° 6551° 0.88° 0.56° 0.63° 263" 37.69°
SO 1054 1154 861 1912 760 002 006 006 037 2.06

Within the same column, different superscripts indicate a significant difference between the types of container

(p<0.05)
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Interestingly, all the calculated parameters showed
significant differences (p<0.05) after five days of
storage, according to the type of container (table
2). Thus, TMot, PMot, VAP, VCL, VSL, ALH
and BCF showed higher values in case of
automatically filled tube, while STR, LIN and

WOB showed higher values in case of manually
filled bottles (tables 1 and 2). This could mean
that the sperm move to a larger extent and with a
higher speed when stored in automatically filled
tubes, but their movement is less linear.

Table 2. The output of Independent t-test analyzing the values offered by the two types of containers, after five days
of storage (equal variances assumed)

Eqbz\lli?;eosf -\rlzsrti;g(r:es t-test for Equality of Means
Parameter . . . Mean Difference
F Sig. df Sig. (2-tailed) (bottle-tube)
TMot 2.33 0.13 138 .003 -5.83
PMot 1.67 0.20 138 .005 -5.89
VAP 5.51 0.02 138 .010 -4.46
VCL 4.77 0.03 138 .000 -15.08
VSL 8.14 0.01 138 .034 -3.32
STR 0.91 0.34 138 .026 0.01
LIN 0.00 0.96 138 .000 0.04
wWOB 0.40 0.53 138 .000 0.04
ALH 0.37 0.55 138 .001 -0.21
BCF 9.73 0.00 138 .000 -3.26

The effect of container on the percentage of
motile spermatozoa

Monitoring the percentage of motile spermatozoa
represents an useful and frequently used tool to
evaluate the efficiency of preservation methods, in
example the efficacy of an extender [8] or a
container [1]. The motility of sperm is still one of
the main criteria in evaluating the quality of
semen, particularly in Al centers [9], as it is well
known that a high value of this parameter is
essential for fecundation [10].

In this experiment the percentage of motile sperm
was monitored daily, in order to better observe the
effect of container type on the kinetic potential of
the sperm. The dynamics of the values of motility
percentages during the five days of preservation
are shown in figures 1 and 2.

During evaluation, total motility represented the
total percentage of sperm showing any type of
movement, while progressive motility referred
only to the sperm with clear forward movements
(average speed of at least 25 um/s and straightness
of at least 0.3).

Total and progressive sperm motility showed
superior values when the automatically filled
tubes were used, in all of the five days of storage,
suggesting that this type of container protects the
biological value of sperm better. It’s difficult to
mention the cause for this phenomenon. Both
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types of container were produced by the same
manufacturer and from the same material, so the
chemical factors are excluded. Among the
potential causes that remain would be the shape of
the container, the type of filling and the type of
closing. The bottles are filled manually while the
tubes are filled automatically. In case of manual
filling, the process takes longer causing a
prolonged stress on the sperm. In addition, the
contact of semen with the ambient air is extended
leading to an increase of the bacterial
contamination, which could have negative effects
such as sperm agglutination, impaired motility,
acrosome disruption or loss of membrane viability
[11]. As regards the type of closing, the bottles are
provided with lids that need to be closed manually
by rotation, while the tubes are automatically
closed by heat and pressure at the open end, after
loading the semen. Thus, the tubes are certainly
closed airtightly, while for the bottles there is still
some probability of air penetration, if the closing
was not performed correctly. The penetration of
atmospheric air is practically equivalent to the
presence of a high volume of air inside the Al
dose, which enables the gases exchange and the
increase of seminal pH, leading to a decrease in
sperm motility [12].

The effects of container type on progressive sperm
motility during preservation have been also
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observed by other authors. In example, for dog
semen, Pinto et al [13] reported major differences
after 48 h of storage, while Lopes et al [2]
observed significant differences at 48 and 72
hours of storage both for progressive motility and
membrane integrity. For stallion semen, some
authors [3, 14] observed that sperm motility is
protected better in some particular container type
in comparison with other types available on the
market, while other authors did not obtain major
differences after 8 [15] or 24 [4, 16] hours of
storage.

Total motility

E Bottle ETube

Figure 1. The variation of total sperm motility during
preservation, according to the type of container
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Figure 2. The variation of progressive sperm motility
during preservation, according to the type of container

The effect of container on the sperm velocity
during storage

CASA systems can calculate not only the
percentage of motile sperm within a sample, but
also the speed of their movement, which can be
defined using three parameters: average path
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velocity (VAP), curvilinear velocity (VCL) and
straight line velocity (VSL).

The effect of sperm speed on the fertilizing
capacity is still controversial. Some previous
studies reported both negative correlations with
parturition rate [17, 18] and positive correlations
with fertility [19], prolificacy [20] and in-vitro
penetration rate [21] but also the lack of
correlations with fertility indices [22]. A faster
movement could help in faster covering the
distance to the oviduct increasing the chances of
fertilizing, but could also reflect a more intense
metabolism of the seminal cell, leading to a faster
exhaustion.

In this study, the curvilinear velocity (VCL)
showed approximately similar values, without
significant differences (p>0.05) between the two
types of container during the first four days of
storage but significant higher values (p<0.05) for
the tube type after the fifth day of storage (figure
3). The lack of the dependence of VCL on the
container type at the beginning of the storage
period was also observed by other authors, for
stallion semen [16].

Similarly, the average path velocity (VAP) was
approximately equal after the first four days of
storage for the two types of container. However,
after the fifth day the spermatozoa stored in
bottles showed a higher average speed compared
to those stored in tubes (p<0.05) (figure 4).
Remarkably, there was a gradual increase of the
sperm average velocity from Day 1 until Day4
(with the exception of Day 2 for tubes) (figure 4),

although the curvilinear velocity remained
relatively constant.
VCL
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Figure 3. The variation of sperm curvilinear velocity
during preservation, according to the type of container
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Figure 4. The variation of average path velocity during
preservation, according to the type of container

Straight line velocity (VSL) showed significantly
higher values on sperm stored in tubes compared
to those stored in bottles in days 1 and 5 (p<0.05)
and close values, without significant differences
during the other three days (figure 5). The same
gradual increase in the values regardless of the
container type was observed, as in case of VAP.
VSL
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Figure 5. The variation of straight line velocity during
preservation, according to the type of container

Day 3

The results suggest that the two types of container
do not have a different effect on the sperm
velocity during the first four days of storage;
however, significant differences can be observed
after the fifth day in terms of all three velocity
parameters, with superior values in case of tube
containers. This could mean that the tubes filled
and closed automatically protect better the
metabolism of seminal cells during storage
compared to the bottles filled and closed
manually.
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The effect of container on the sperm movement
uniformity during storage

CASA systems can also calculate some indicators
reflecting the direction and uniformity of sperm
movement, as follows: straightness (STR =
VSL/VAP), linearity (LIN = VSL/VCL), wobble
(WOB = VAP/VCL), amplitude of lateral head
displacement (ALH = mean distance traveled by
the spermatozoon’s head from its average path in
a transversal direction), beat cross frequency (BCF
= the frequency of the head of spermatozoon
intersecting its average path). Based on these, it
can be stated that the sperm movement is more
rectilinear or more uniform when STR, LIN and
WOB show higher values, while higher values of
ALH denote a more corrugated trajectory.
Usually, when ALH is higher then BCF is lower
and vice versa, because a longer distance traveled
by the spermatozoon from its average path would
mean a longer time necessary for the
spermatozoon to return to it and thus a lower
number of crossings per time unit. As stated by
some authors, WOB and BCF correlate positively
with parturition rate [23].
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Figure 6. The variation of straightness during
preservation, according to the type of container
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Figure 7. The variation of linearity during
preservation, according to the type of container
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Figure 8. The variation of wobble during preservation,
according to the type of container

The straightness coefficient showed significant
higher values when the tubes were used during
days 1 and 2, non significant differences during
days 3 and 4 and significant higher values when
the bottles were used after the fifth day of storage
(figure 6).

The linearity coefficient showed significantly
higher values after in Day 1 in case of tubes, non
significant differences in the days 2, 3 and 4,
while in Day 5 the values were significantly
higher for semen stored in bottles (figure 7).

The wobble coefficient showed no significant
differences between the two types of containers
during the first four days of storage. However, in
Day 5 WOB was superior in case of semen stored
in bottles (figure 8).

STR, LIN and WOB showed the same gradual
increase of values, as observed in case of VAP
and VSL (with the exception of WOB in Day 2).
This could denote a streamlining of sperm
movement over time. The actual velocity (VCL)
remained relatively constant but the trajectory
became less corrugated.

The amplitude of lateral head displacement was
significantly higher on Day 2 in sperm preserved
in bottles while on Day 5 it was superior in sperm
preserved in tubes. In all the other days, no
significant differences were observed (figure 9).
ALH reflects the mean distance traveled by the
head of the spermatozoon transversally from its
average path. Although a higher value of this
parameter indicates a higher distance covered by
the spermatozoon in a wrong direction, some
studies found positive correlation between ALH
and parturition rate [24].
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igure 9. The variation of amplitude of lateral head
displacement during preservation, according to the type
of container
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Figure 10. The variation of beat cross frequency during

preservation, according to the type of container

A high value of ALH (above 3.5 um) could be a
sign of sperm hyperactivation, particularly in
association with high VCL [25]. Sperm
hyperactivation is a prerequisite to fertilization
[26], occuring physiologically in the oviduct and
being associated with sperm capacitation [27].
However, if it occurs too early, it can compromise
the success of fertilization through sperm
exhaustion.

Beat cross frequency was, with the exception of
Day 2, significantly higher in sperm stored in
tubes (figure 10). As reported by some authors
[23], BCF may positively correlate with the
pregnancy rate, so a high value of it could be a
sign of good quality.

4. Conclusions
The results of this study show that both the two

types of container are suitable for boar semen
preservation, maintaining the main Kinetic
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parameters within acceptable values. However, it
is to be noted that the tubes filled and closed
automatically seems to protect better the sperm
motility compared to the bottles filled and closed
manually. During all days of storage, total and
progressive motility were higher for sperm stored
in tubes. As the percentage of motile sperm is still
the main criterion in assessing semen quality
before artificial insemination, we can consider that
this type of container represents not only an
economic solution, but also a way to maintain to
biological value of sperm for a longer period of
time. Nonetheless, the sperm preserved in
manually filled bottles showed a more linear
movement after five days of storage.

Surprisingly, there was a streamlining of sperm
movement over time. Thus, the curvilinear
velocity remained relatively constant during the
study, while average path velocity and straight
line velocity increased, showing the highest values
after five days of storage. In this way the path
followed by the sperm became more linear over
time.
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