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preserving spermatozoa quality during long-term storage in
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In pig production, artificial insemination is widely carried out and the use of fresh diluted semen is predominant. For this
reason, there are increasing interests in developing new extenders and in establishing the optimal storage conditions for diluted
spermatozoa. In the last few decades, we utilised a homemade diluent (swine fertilisation medium (SFM)) for spermatozoa
manipulation and biotechnological application as the production of transgenic pigs utilising the sperm-mediated gene transfer
technique. The purpose of the present study is therefore to analyse the ability of SFM, in comparison to four commercial
extenders, in preserving the quality of diluted boar semen stored at 16.58C till 15 days. We utilised some of the main predictive
tests as objectively measured motility, acrosome and sperm membrane integrity, high mitochondrial membrane potential and
pH. Based on our in vitro study, SFM could be declared as a good long-term extender, able to preserve spermatozoa quality
as well as Androhep Enduraguard for up to 6 to 9 days and more.
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Introduction

Artificial insemination (AI) is used routinely because it is
simple, economical and successful (Vishwanath, 2003);
it remains the main vehicle, together with embryo transfer,
for the rapid dispersal of valuable genes and reduces the
sexual transmission of diseases (Thacker et al., 1984). The
use of fresh diluted semen, preserved at 15 to 208C, is
predominant (99% AI carried out worldwide/year) while AI
with frozen semen, due to the low sperm survival after
thawing, accounts for only 1% (Gerrits et al., 2005). For this
reason, there has been increased interest in developing new
extenders and in establishing the optimal storage condi-
tions for diluted spermatozoa. In the last few decades, we
utilised a homemade diluent (swine fertilisation medium
(SFM)) for swine spermatozoa manipulation and bio-
technological applications as the production of transgenic
pigs utilising the sperm-mediated gene transfer technique
(Lavitrano et al., 2002; Lavitrano et al., 2003), with good
fertility results as well as in AI (Webster et al., 2005) or
surgical or laparoscopic inseminations (Fantinati et al.,
2005; Manzini et al., 2006). Nevertheless, this SFM has

never been evaluated methodically in comparison to other
well-defined commercial diluents.

Even if extenders, in association with low temperature,
can prolong the spermatozoa lifespan, the physiological
senescence of sperm cells still cannot be completely avoided.
Such a phenomenon can be composed of non-regulated
capacitation-like modifications (Bailey et al., 2000), structural
and functional changes (Johnson et al., 2000), loss of DNA
integrity (Fraser and Strzezek, 2004) and membrane fatty
acid peroxidation (Cerolini et al., 2000); these modifications
can be postponed by using various extenders (Huo et al.,
2002). Long-term extenders have some advantages; they
allow better organisation at semen collection centres, long-
distance transport and the possibility of conducting tests on
the semen before use (Gadea, 2003); however the storage
of semen for long time before insemination reduces the
subsequent viability of spermatozoa in the female genital
tract, requiring an accurate timing of AI (Johnson et al.,
2000).

The purpose of the present study was therefore to analyse
the ability of SFM, in comparison to four commercial
extenders, which have been extensively tested also in field
studies, in preserving the quality and the longevity of diluted
boar semen stored at 16.58C for 15 days, by evaluating- E-mail: marialaura.bacci@unibo.it
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parameters representing some of the main predictive tests
for boar semen, which are relevant for their fertilising ability.

Material and methods

Extenders and semen collection and processing
All extenders, Androhep�R EnduraguardTM (AeG, long
term), Beltsville Thaw Solution (BTS, short term), Merk III�R

(M III, short term), Androstar�R (AN, economic long term,
BSA free), were from Minitube (Tiefenbach, Germany)
except for SFM (11.25 g glucose, 10 g sodium citrate-2H2O,
4.7 g ethylene diamine tetra-acetic acid (EDTA)-2H2O, 3.25 g
citric acid-H2O, 6.5 g Trizma, 6 g BSA, 1 g ampicillin sodium
salt per liter, adjusted to pH 6.8). Extenders were prepared
by dissolving powder in pyrogen-free water at least 12 h
before use and stored at 48C till use.

Sperm-rich fractions were collected using the gloved-
hand technique from six boars (two Large White and four
Duroc, 1 to 2 years of age), trained to mount an artificial
sow and of proven fertility, during routine AI operations
from December to February (six ejaculates/boar were used).
At collection, sperm-rich fraction from a single boar was
split into five aliquots, immediately diluted 1 : 1 with AeG,
BTS, MIII, AN and SFM pre-warmed at 378C. The samples
were then brought to the laboratory within 30 min in an
isothermal box and spermatozoa morphology and con-
centration were assessed, after spermatozoa immobilisation
in 1.5 M NaCl solution, under a phase-contrast microscope
at 4003 using a Thoma counting chamber. Single AI doses
(3 3 109 sperm/100 ml) were then prepared with the same
extender formerly used and stored in a water bath at 16.58C
for 15 days, being gently shaken by inversion every 12 h.
Spermatozoa, stored in the five different extenders, were
sampled and analysed at 12 h and at 1, 3, 6, 9, 12 and
15 days of storage. The 0 time point analyses refer to the
SFM-diluted ejaculates for all experiments.

Semen quality assessment: motility
A SpermVisionTM CASA system (Minitube, Tiefenbach,
Germany) was used to evaluate the overall motility (OM)
and progressive motility (PM) of spermatozoa incubated in
different extenders. The complete Sperm Vision package
consisted of a microscope (Olympus CX31) equipped with a
negative high phase-contrast 320 objective, an integrated
heating system, a digital black and white camera, a PC
including a special graphics card and Sperm Vision software
for the digitalization and analysis of the images. Sperm
aliquots were incubated for 5 min at 378C before analysis.
A pre-warmed (378C) Counting Chamber ‘Standard Count’
(20 mm depth; Leja Products Nieuw-Vennep, The Nether-
lands) was filled with 2 ml of semen sample and the track
sampling time was 20 s. The instrument setting used was
the following: number of frames acquired: 30; frame rate:
60 Hz; and minimum size–maximum size: 25 to 120 mm2.
For individual cell motility, we used the standard Sperm
Vision boar setting provided by Minitube. The OM of the
sample was calculated as the sum of the percentages of the

local motile and progressive spermatozoa as compared with
the total number spermatozoa identified. PM is the percentage
of progressive spermatozoa as compared with the sum of the
percentages of the local motile and progressive spermatozoa.
All samples were evaluated by the same operator and at least
400 spermatozoa for each sample were tracked.

Semen quality assessment: staining
For SYBR-14/PI/JC-1 staining, the solutions were prepared as
previously described (Garner et al., 1997; Huo et al., 2002).
In total, 50 ml of diluted boar semen was incubated with 10 ml
of the staining solution at 378C for 30 min under light-proof
conditions. A 10 ml drop was then examined at 4003 mag-
nification with a fluorescence microscope (Eclipse E600, Nikon,
Japan). Sperm heads with intact membranes displayed a bright
green fluorescence (viable spermatozoa), while cells with
damaged membranes showed a red fluorescence. Spermato-
zoa stained with JC-1 displayed either a green fluorescence
(low/medium mitochondrial membrane potential (MMP)) or a
red–orange fluorescence in the mid-piece (high MMP or active
mitochondria) (Garner et al., 1997). At least 250 spermatozoa
were scored for each treatment and time point. Coomassie
blue staining was performed as previously described (Turba
et al., 2007). Spermatozoa with absent or damaged acrosomes
showed negligible staining in the apical region. A minimum
of 100 spermatozoa were counted using a phase-contrast
microscope (Diaplan, Leitz, Germany) at 3600 magnification.

pH analyses
For pH analyses, a 5 ml aliquot was taken from each dose
after gentle mixing. The pH was measured at 378C by
means of a Micro pH 2002 and a Phoenix electrode K0203
(Crison Instrument A.G., Baar, Switzerland) calibrated
before every measure with pH 4.0 and pH 7.0 standard
solutions. The 0 time point pH was measured at 378C in raw
extenders after at least 12 h of calibration.

Statistical analyses
The study used the split ejaculate technique; means for the six
collections for each boar, for each storage time point and for
each diluent were subjected to the statistical analysis. All data
were tested for normal distribution prior to analysis. The
percentages of viable spermatozoa, high MMP, spermatozoa
with damaged acrosomes, OM, PM and pH were analysed
using two-way ANOVA for repeated measure during time.
Post-hoc comparisons among groups were made based on
the Duncan test. Data are presented as mean 6 s.e.

Correlations between the different parameters were cal-
culated by means of the Pearson correlation coefficient with
P , 0.05 as the significance level. Statistical analyses were
performed using SPSS 8.0 (SPSS Inc., Chicago, IL, USA).

Results

The correlation coefficients among different parameters and
their statistical significance are shown in Table 1.
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Data on sperm overall motility in different extenders are
shown in Figure 1a (Table 2 is published online as the
supplementary data). The mean percentage of OM at time 0
was 87 6 2.81 and this value decreased progressively over
time for all extenders (P , 0.0000001). On day 1, none of
the extenders significantly dropped below 70%. Motility of
SFM- and AeG-diluted spermatozoa did not significantly
drop below the threshold of 60% until day 15, even if the
SFM samples showed significantly higher values than the AeG
ones on days 3, 6 and 9. BTS and MIII performed well since
the OM did not fall below the 60% threshold until day 12 of
storage. For this parameter, AN showed the worst behaviour
since the threshold was passed on day 6 of storage.

Sperm PM in different extenders is reported in Figure 1b
(Table 3 is published online as supplementary data). Sperm
PM decreased progressively over time for all extenders

(P , 0.0000001). At time 0, PM was 75.61 6 4.07%. The
drop for this parameter was faster in MIII than in the other
extenders; in fact, it decreased from 60.1 6 3.24% at 12 h
to 46.5 6 7.70% on day 1, but on day 3 the value was no
worse than that obtained for BTS and AN. The PM of AeG-,
AN- and BTS-diluted spermatozoa significantly dropped
below 60% on day 3 while spermatozoa diluted in SFM
passed the threshold only on day 12. On day 15, no sig-
nificant differences were observed among the five exten-
ders, with values ranging from 29.4% to 43.3%.

Data on spermatozoa with intact membrane are shown in
Figure 2a (Table 4 is published online as supplementary
data alongside the electronic version of the article). At time
0, fresh semen showed a high percentage of membrane-
intact spermatozoa (82.5 6 1.44) and sperm viability
remained over 70% for all extenders at least for 12 h after

Table 1 Correlation coefficients of various quality parameters in boar semen extended with five different diluents during long-term storage
at 16.58C

Parameters Membrane integrity High MMP Damaged acrosome pH Overall motility Progressive motility

Membrane integrity 0.866** 20.402** 20.277** 0.681** 0.700**
High MMP 0.866** 20.362** 20.389** 0.626** 0.593**
Damaged acrosome 20.402** 20.362** ns 20.482** 20.510**
pH 20.277** 20.389** ns 20.221** 20.175**
Overall motility 0.681** 0.626** 20.482** 20.221** 0.889**
Progressive motility 0.700** 0.593** 20.510** 20.175** 0.889**

**P , 0.01.
MMP 5 mitochondrial membrane potential.

Figure 1 Overall (1a) and progressive (1b) motile spermatozoa,
evaluated by SpermVisionTM CASA (Minitube, Tiefenbach, Germany),
during long-term storage (15 days) at 16.58C (mean 6 s.e.) in five
different extenders. Diluent 3 time interaction for OM was P 5 0.001307
and for PM was P 5 0.370744. SFM &; AeG ’; BTS J; AN m; M III 4.

Figure 2 Spermatozoa with intact membranes (viable), evaluated by
SYBR-14/PI staining (a) and spermatozoa with active mitochondria (high
MMP), evaluated by JC-1 staining (b) during long-term storage (15 days)
at 16.58C (mean 6 s.e.) in five different extenders. Diluent 3 time
interaction for viability was P , 0.0000001 and for high MMP was
P 5 0.000247. SFM &; AeG ’; BTS J; AN m; M III 4.

SFM efficiency in preserving sperm quality during storage
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dilution. Nevertheless, viability decreased over time for all
extenders (P , 0.0000001). AeG- and SFM-diluted sperm
still showed high viabilities at day 15 (65.75 6 2.06% and
63.8 6 1.46%, respectively) while MIII and AN showed
viabilities lower than those of AeG and SFM (day 15)
already at days 1 and 3, respectively, reaching a very low
level on day 15 (36.5 6 1.71%; 44.0 6 4.59%). BTS-diluted
spermatozoa had an intermediate viability as, only after day
9, the mean percentage of sperm with intact membranes
falls below the AeG and SFM (day 15) threshold.

Results on spermatozoa with a high MMP are shown in
Figure 2b (Table 5 is published online as supplementary
data). At point 0, 76.67% of spermatozoa presented active
mitochondria; then mean values decreased over time for all
extenders (P , 0.0000001). SFM- and AeG-diluted sper-
matozoa behaved in the same manner until the last time
point, reaching a value of approximately 60% only on day 15.
Interestingly, after a small and initial decrease, AeG and SFM
reached a plateau between 12 h and 9 days. On the contrary,
MIII- and AN-diluted spermatozoa showed progressive and
substantial decreases until the end (34.3 6 1.50%; 33.8 6

5.22%). Spermatozoa diluted in BTS had an intermediate
behaviour, with good efficiency until day 6.

Data on damaged acrosomes are shown in Figure 3
(Table 6 is published online as supplementary data). At time
0, the mean percentage of spermatozoa with damaged
acrosomes was 5.3 6 3.67; this value increased over time
for each extender with similar kinetics (P , 0.0000001),
showing no statistical differences among diluents
(P 5 0.951). On day 15, the percentages of spermatozoa
with damaged acrosomes in the five extenders ranged from
12.9% to 16.4%.

pH data are shown in Figure 4 (Table 7 is published
online as supplementary data). After at least 12 h of equi-
libration, the pH values of the raw extenders showed
significant differences. While SFM and AeG had a pH of
approximately 6.8, BTS and MIII had a more neutral value.
On the contrary, the initial pH value of AN was basic. After
spermatozoa dilution, the pH of the doses showed two
different behaviours. In two of them (SFM and AeG), the pH
was maintained during the entire storage period. In the

others, there were significant decreases on the first day and
then the pH remained constant until the end. This effect
was mainly evident for AN.

Discussion

The present study compared the efficiencies of different
extenders in preserving boar semen during long-term storage
in the liquid phase at 16.58C. In particular, we compared
SFM, a homemade diluent, to four commercial ones in order
to establish its characteristics and preservation period.

Sperm motility, which is one of the most important
characteristics for evaluating the fertility potential of sper-
matozoa ejaculates, has been objectively evaluated. Com-
puter-assisted sperm analysis (CASA) is a reliable tool for
overcoming subjective evaluations (Verstegen et al., 2002),
and a significant correlation between CASA and on-farm
insemination outcomes has been reported (Holt et al.,
1997). The minimum percentage of motile spermatozoa for
AI dose has been established to be at least of 60% because,
under this threshold, lower farrowing rates can be experi-
enced (Flowers, 1997). Among other parameters relevant
for fertilisation, we evaluated spermatozoa membrane and
acrosome conditions during storage. The SYBR-14/PI and
the Coomassie blue stains are easy and reliable assays for
determining cellular membrane integrity and acrosome
damage, respectively (Huo et al., 2002). The JC-1 stain is
very helpful (Huo et al., 2002; Turba et al., 2007) in
studying the metabolic activity of the mitochondria, which
is highly correlated with spermatozoa motility (Garner et al.,
1997; Turba et al., 2007). The pH of extenders/diluted
semen samples has also been shown to correlate with
semen quality (Vyt et al., 2004).

Extenders are classified as long-term extenders when
the claimed preservation period is longer than 4 days, so
BTS (3 days) and MIII (3 to 4 days) are classified as short-
term diluent, AN (claimed preservation period of 5 days) is
classified as economic long-term diluent and AeG (claimed
preservation period of 10 days) as long-term diluent. SFM,
with results always comparable to those of AeG if not
better, could therefore be declared as a long-term diluent.

Figure 3 Spermatozoa with damaged acrosomes, evaluated by Coomassie
blue stain, during long-term storage (15 days) at 16.58C (mean 6 s.e.) in five
different extenders. Diluent 3 time interaction for spermatozoa with
damaged acorsomes was P 5 0.976928. SFM &; AeG ’; BTS J; AN m;
M III 4.

Figure 4 pH of AI doses prepared with the five extenders during long-
term storage (15 days) at 16.58C (mean 6 s.e.). Time 0 points refer to the
pH of the raw extenders. Diluent 3 time interaction for pH was
P 5 0.370744. SFM &; AeG ’; BTS J; AN m; M III 4.
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Between short-term diluents, BTS has shown better results
than MIII (during the first 3 days) but also better than AN
(during the first 6 days).

The percentage of spermatozoa with damaged acrosome
was influenced only by the time of storage, with no statis-
tical differences among diluents. However, we did not
obtain values significantly above the 15% threshold till the
end of the experiment for any diluents. Also, PM was
influenced only by the time of storage.

On the contrary OM, sperm viability and high MMP were
strongly influenced by the diluent used and by the time.

In MIII and AN, sperm cells showed good OM only for the
first 3 days while, with BTS, it remained satisfactory until
day 9. AeG and SFM possessed greater ability in preserving
spermatozoa motility, which reached the 60% threshold at
the end of the trial. These two diluents contain BSA, which
has been shown to have a potent effect on the stimula-
tion (Harrison et al., 1982; Waberski et al., 1989) and
preservation of motility.

For viability, we experienced the best results with AeG
and SFM, which were able to preserve membrane integrity
more efficiently and for more days as compared with the
other extenders. AeG and SFM can provide better condi-
tions with a more controlled pH and osmotic pressure. It
has been found that, in boar, BSA can selectively bind to
the plasma membrane surrounding the mid and principal
piece of spermatozoa (Weitze, 1991). Moreover, BSA can
neutralise the metabolic products from spermatozoa and
bacteria, and may have an anti-peroxidative activity (Bamba
and Sone, 1981; Alvarez and Storey, 1983). For these rea-
sons, BSA and EDTA are added to semen extenders (as well
in SFM) in an effort to prevent or retard unwanted altera-
tions in the structure and the function of the plasma
membrane (Levis, 2000).

The percentages of spermatozoa with active mitochon-
dria decreased in all extenders over time, but were also
strongly influenced by the type of extender. Furthermore, a
high correlation between viability and MMP was present as
reported previously (Garner et al., 1997). The functionality
of mitochondria is of primary importance for fertilisation as
it is responsible for motility (Gallon et al., 2006). This fact is
also confirmed by the significantly high correlations of MMP
and both OM and PM. Again, AeG and SFM showed the
best results as they were able to preserve high MMP till the
end of the trial and also significantly better than BTS, MIII
and AN on the first 6 days.

The present study showed that the five extenders tested
differ in their pH. In all extenders, the pH tended to slightly
decrease or to remain constant after being mixed with
semen, depending on their buffering capacity as has been
noted by other authors (Paulenz et al., 2000). As a matter of
fact, pH showed a significant negative correlation with both
OM and PM, MMP and sperm viability. Moreover, it must be
noted that the extenders with the best performance in
preserving spermatozoa quality are the ones with the
lowest mean values of pH. These findings emphasise the
importance of the buffering capacity of extenders and can

contribute to explain the better results obtained with SFM
and AeG. Johnson et al. (2000) reported that spermatozoa
metabolism tended to decrease with an increased tendency
of acidification (pH under 7.2). These authors stated that
intracellular acidosis enables spermatozoa to survive longer
due to an impaired glycolitic metabolism and a consequent
reduction in their motility. Also, in bovine spermatozoa,
intracellular pH is directly related to motility and the
decrease of the intracellular pH with weak acids reversibly
depresses motility (Jones and Bavister, 2000). Therefore, by
decreasing motility, a lower pH increases spermatozoa life
expectancy through a decrease in energy consumption.
Before in vitro motility analyses, the semen samples are
heated and re-oxygenated and this manipulation is sufficient
to resume motility. This hypothesis has also been confirmed
by the observation that, in the boar, the pH in the cauda
epididymis is approximately 6.5 (Rodriguez-Martinez et al.,
1990) while, after ejaculation and mixing with accessory
sex gland secretions, the pH increases from 7.2 to 7.5
(Johnson et al., 2000). This increase is able to render
spermatozoa fully motile for fertilisation processes.

SFM lacks sodium bicarbonate, a compound known to be a
capacitating agent, and its buffering activity is substituted by
Trizma. Again SFM is especially rich in BSA and EDTA, che-
lating compounds very effective in sequestering divalent metal
ions, especially Ca21, preventing the initiation of capacita-
tion (Johnson et al., 2000). These are the main differential
characteristics between SFM and others diluents tested.

From a practical point of view, the choice of an extender
depends on its use. When diluted semen is to be used within
2 to 3 days after collection, the most rational decision is to
use a short-term diluent, which is less expensive and can be
quite effective in preserving spermatozoa quality. However, as
shown by our trials, some extenders can demonstrate better
performance also in the short term. When the use of semen
doses is postponed (more than 3 to 4 days), in our opinion,
it is necessary to use a long-term extender, which is more
expensive but which can offer about a greater guarantee
regarding semen longevity as confirmed by field trials
(Johnson et al., 1988; Waberski et al., 1994). SFM could be
a good choice because, as a homemade diluent, it is not so
expensive but requires accuracy in preparation.
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