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This study tested the effects of inclusion of gelatin in an extender for cooled boar semen on
sperm quality during storage and reproductive performance after artificial insemination (AI).
In Experiment 1, ejaculates from four boars were stored in Beltsville Thawing Solution (BTS)
and BTS including 1.5% and 3.0% gelatin. Sperm motility and morphology were similar among
extenders during 72 h of storage (PN0.05). In Experiment 2, ejaculates from four boars were
stored in BTS and BTS including 1.5% gelatin. Motility, normal morphology and membrane
integrity declined over storage time for both extenders (Pb0.05). Decrease on normal sperm
morphology over time was less severe in semen stored in gelatin-supplemented BTS (Pb0.05).
In Experiment 3, AI was conducted in sows from a commercial farm using semen stored in BTS
with or without 1.5% gelatin. Farrowing rate and total litter size did not differ (Pb0.05), but AI
with gelatin-supplemented BTS was shorter and presented less semen backflow (Pb0.05).
Semen stored in BTS including gelatin presented acceptable quality for longer periods and was
efficiently used in AI with no losses in reproductive performance.
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1. Introduction

The Beltsville Thawing Solution (BTS) (Pursel and Johnson,
1975) is the most commonly used extender for boar semen in
artificial insemination (AI) programs in swine, keeping sperm
viability for 1–3 d at 15 to 18 °C. After some time of storage at
such temperatures, the sperm agglutinate, which influences
negatively their viability (Rodríguez-Gil and Rigau, 1995). At
farm level, the sperm is commonly re-suspended by slight
agitation, after removing the AI doses from their thermal
storage boxes, which exposes them to light and to tempera-
ture variation. Thus, extenders that prevent boar sperm
agglutination are of interest for the swine industry. An
alternative for such purpose is the use of sperm encapsulated
within a semi permeable membrane that allows exchange of
nutrients and metabolites among the spermatozoa and the
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medium (Vigo et al., 2009). So, the sperm remains viable
within the membrane at normal body temperature for days,
being gradually released inside the female reproductive tract.

The addition of gelatin to extenders for storage of rabbit
semen was related to improve the sperm quality and
prolonged the sperm viability (Nagy et al., 2002; López-
Gatius et al., 2005). That was attributed to the viscosity of the
gelatin-supplemented extender, which kept the sperm cells
nearly paralyzed and evenly distributed in the medium.
Nevertheless, the data about gelatin-supplemented extenders
for boar semen are unknown. The objective of this study was
to examine the effects of gelatin inclusion at distinct
concentrations in an extender for cooled boar semen by
evaluating the sperm quality in vitro during distinct storage
periods and sow reproductive performance after AI.

2. Materials and methods

In experiment 1 (EXP1), semen donors were four sexually
mature crossbred boars (Landrace×Large White) that were



Table 1
Motility and normal morphology per storage period for semen stored in BTS
with or without inclusion of gelatin in distinct concentrations (four
ejaculates×four boars).

Extender 24 h 48 h 72 h

Sperm motility (%)
BTS 70.0±2.4 64.2±2.4 61.4±2.4
BTS+1.5% gelatin 72.8±2.4 69.2±2.4 62.8±2.4
BTS+3.0% gelatin 71.4±2.4 67.8±2.4 64.2±2.4

Normal sperm morphology (%)
BTS 91.7±0.7 90.3±0.7 89.1±0.7
BTS+1.5% gelatin 89.4±0.7 88.9±0.7 87.7±0.7
BTS+3.0% gelatin 90.4±0.7 89.9±0.7 88.7±0.7

Means±SEM did not differ (PN0.05).
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housed in individual pens in an experimental station,
managed under similar conditions and presented acceptable
semen quality according to conventional evaluations (motility,
morphology and concentration). During three weeks, four
ejaculates were collected per boar through the gloved hand
method, in plastic bags with a disposable filter within a plastic
bottle, and were extended in: BTS (Bretanha Suínos, Passo
Fundo, RS, Brazil); BTS including1.5%uncolored andunflavored
commercially available gelatin (1.0% energy and 3.0% protein);
and BTS including 3.0% gelatin. Sperm concentration was
adjusted to 3.5×109 spermatozoa in 100 ml, using a Neubauer
chamber. Sperm motility and morphology were evaluated by
phase contrastmicroscopy. The reported values are the average
of three evaluations per sample, at 24, 48, and 72 h of storage,
always done by the same trained technician.

In experiment 2 (EXP2), six ejaculates were collected from
four sexually mature crossbred boars (Landrace×LargeWhite)
froma commercial farm, during45 d, asdescribed for EXP1. The
boars were housed in individual pens under similar manage-
ment and had acceptable semen quality according to conven-
tional evaluations. The ejaculates were extended in: BTS; and
BTS including 1.5% gelatin. Sperm motility, morphology and
concentration were evaluated as described for EXP1. Sperm
motility was evaluated immediately after collection, but
morphology and membrane integrity were evaluated after
incubation of diluted samples at 24 °C for 1 h, during which
they were transported to the laboratory. Membrane integrity
was evaluated with an epifluorescent microscope (Olympus
BX51), for samples having 5×104 spermatozoa in 0.05 ml and
incubated at 37 °C for 10 min. In each slide, 200 cells were
counted and classified as intact (green fluorescence) or not
intact (red fluorescence) (Harrison and Vickers, 1990).
Evaluations were also done at 24, 48, 72 and 96 h of storage.

In experiment 3 (EXP3), five ejaculates were collected
from the same four boars from EXP2. Ejaculates from two
boars were randomly pooled and extended in BTS and BTS
including 1.5% gelatin. Sperm concentration was adjusted to
3.5×109 spermatozoa in 100 ml with a Karras spermdensi-
meter (Minitube of America, Verona, WI, USA). After
incubation at 24 °C for 2 h, the semen samples were stored
and used for AI of 26 crossbred sows per extender, with
parities 1 to 8. Three AIs were done at 12 h intervals, using
GD'Coll catheters (Bretanha Suínos, Passo Fundo, RS, Brazil),
with the first AI done 12 h after estrus detection, which was
characterized by the first positive response to back pressure
in the presence of a boar. Semen backflow was collected into
disposable human colostomy bags (KDL, Guarulhos, SP,
Brazil), which were fixed around the vulva for up to 60 min
after AI (Mezalira et al., 2005). The volume of the semen
backflow was measured in a beaker and the AI duration was
recorded. The farrowing rate was calculated and total litter
size was recorded.

In both EXP1 and EXP2, the responses were analyzed by
ANOVA with repeated measures considering: extenders;
storage period; extenders per period interaction and the
boar effect nested within extenders. Comparisons of means
were donewith the test of Tukey. In EXP1, the responses were
submitted to arcsine transformation due to lack of normality,
but in EXP2 all responses followed normal distributions,
according to the Shapiro–Wilk test. In EXP2, a variation in
responses over storage periods per extender was analyzed by
linear regression. In EXP3, AI duration and volume of semen
backflow were compared per extender by Kruskal–Wallis
ANOVA. Farrowing rates were compared between extenders
by chi-square tests. Total litter size was compared per
extender by ANOVA, with comparisons of means done with
the test of Tukey. In the three experiments, statistical analyses
were done with Statistix® (2008).

3. Results

In EXP1, sperm motility and normal morphology did not
differ (PN0.05) across storage periods for either extender
(Table 1). In EXP2, motility did not differ (PN0.05) for BTS
(54.1±3.8%) and BTS including 1.5% gelatin (57.6±3.8), but
decreased for both extenders (Pb0.05), as storage time
increased (Fig. 1). Normalmorphology andmembrane integrity
were both lower (Pb0.05) for BTS (86.3±0.9% and 31.3±3.4%,
respectively) than for BTS including 1.5% gelatin (90.6±0.9%
and 47.5±3.4%, respectively). The decline in normal sperm
morphology over time was more intense (Pb0.05) for samples
stored in BTS than for those including 1.5% gelatin (Fig. 1).
Sperm membrane integrity declined with longer storage for
both extenders (Pb0.05).

In EXP3, AIs were longer (Pb0.05) with samples stored in
BTS (7.8±0.4 min) thanwith gelatin-supplementedBTS (6.8±
0.4 min). Semen backflow was greater (Pb0.05) for BTS
samples (18.9±1.3 ml) than for gelatin-supplemented BTS
samples (10.1±1.3 ml). After AIwith semen stored in BTS or in
BTS including 1.5% gelatin, no differences were observed
(PN0.05) in farrowing rates (92.6% and 88.5%, respectively)
and total litter size (12.0±0.6 and 13.2±0.7, respectively).

4. Discussion

This is the first study to test gelatin-supplemented
extenders for boar sperm, both in vitro and in vivo. Although
sperm motility and normal morphology did not differ for BTS
including either 1.5% or 3.0% gelatin in EXP1, the lower gelatin
concentration was used in EXP2 and EXP3 because tests
conducted in our laboratory indicated that the greater
viscosity of BTS including 3.0% gelatin hampered the flow of
AI doses through the inseminating catheter. In EXP2, sperm
motility declined from 85% to nearly 30% during storage for
both extenders, but such decrease was slightly sharper for
BTS samples, especially after 48 h, as indicated by the R2 value
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of the regression models. Although sperm membrane
integrity also declined over time for both extenders, for BTS
samples stored for 48 h, it was similar to that for gelatin-
supplemented samples 36 h later. The decline in normal
sperm morphology over time for gelatin-supplemented
samples was marginal, since, after 96 h, it was only 4% points
lower than that occurring after 12 h of storage. On the other
hand, normal sperm morphology declined nearly by 15%
points over the same period for BTS samples.

As the survival and the integrity of cryopreserved
spermatozoa depend on their spatial orientation in the
medium (Holt, 2000), in gelatin-supplemented extenders,
sperm quality may benefit from the exposure of sperm cells
to homogeneous solute concentrations and also from the
medium's viscosity, which favors reduction in spermatozoa's
metabolic demand(Nagy et al., 2002; López-Gatius et al., 2005).
In the present study, tiny sperm agglutination occurred in
samples including 1.5% gelatin and there was no agglutination
in samples including 3.0% gelatin. When sperm agglutinate, pH
becomes acid at the sediment region, due to an increased
concentration of some toxic metabolic products of the
spermatozoa (Nagy et al., 2002). Thus, as gelatin-supplemented
samples do not require homogenization, buffers included in the
extender act more efficiently on minimizing pH variation and
the exposure to light and to cold shock are also reduced.
However, suspended swine spermatozoa still expend energy
while trying to move inside the medium, even though the
medium's viscosity prevents their movement (Esbenshade and
Nebel, 1990). Thus, improvements in sperm quality in gelatin-
supplemented extender may not be due to its viscosity but
instead due to the protein content of the gelatin. As gelatin is
inexpensive, a gelatin-supplementedextendermaybea low-cost
alternative for semen storage and transport for longer periods.
Thus, future studies should compare gelatin-supplemented
extenders with long-term extenders that also contain protein
and prolong sperm storage (Dubé et al., 2004), but are more
expensive than BTS.

The results of EXP3 suggest that gelatin-supplemented BTS
can be used for AI with no detrimental effects for reproductive
performance. The farrowing rates obtained with both extenders
werewithin the levels recommended for commercial farms. The
1.2 advantage in total litter size favoring AIwith semen stored in
gelatin-supplemented BTS was not statistically significant likely
due to the small sample size, which reflected the difficulty in
finding a commercial farm that allowed AI in a large number of
sowswith an experimental extender. So, such findings still need
further field validation with larger sow samples. The use of
semen extended in gelatin-supplementedBTS for AImay also be
justified by the reduction of nearly 1 min on AI duration, which
would improve labor efficiency. Furthermore, although semen
backflow is common in AI in swine and is apparently unrelated
to reproductive performance (Steverink et al., 1998), backflow
after AI with gelatin-supplemented BTS was reduced by nearly
9 ml. Future studies should test if such reduction in semen
backflow allows AIwith gelatin-supplemented BTS using sperm
concentrations lower than those currently used in the field.
Reduction in both sperm concentration and backflow is possible
with post-cervical AI (Mezalira et al., 2005; Serret et al., 2005).
Fig. 1. Linear regressionmodels for motility, normal morphology andmembrane
integrity of cooled boar sperm as a function of storage time on distinct extenders
(□ BTS—solid line); (◆ BTS+gelatin 1.5%—dotted line).A: □ Motility=84.85−
0.52917(hours), R2=0.5985 (Pb0.0001); ◆ Motility=84.95−0.48542
(hours), R2=0.5235 (Pb0.0001)—Slopes did not differ (P=0.49).B: □ Normal
morphology=91.14−0.07812 (hours), R2=0.1637 (Pb0.0001); ◆ Normal
morphology=92.15−0.03083 (hours), R2=0.0393 (P=0.048)—Slopes differ
by at least Pb0.05.C: □ Membrane integrity=60.26−0.48354 (hours),
R2=0.5428 (Pb0.0001); ◆ Membrane integrity=71.18−0.39792* (hours),
R2=0.6053 (Pb0.0001)—Slopes did not differ (P=0.12).
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However, post-cervical AI may lead to reduction in litter size
(Rozeboom et al., 2004; Roberts and Bilkei, 2005) and is suitable
only for multiparous sows (Watson and Behan, 2002; Serret et
al., 2005). It may also be investigated if the sperm stored in
gelatin-supplemented extenders can be slowly released in the
female reproductive tract after AI, allowing reduction in the
number of AI per estrus, as reported for the encapsulated sperm
(Vigo et al., 2009).

5. Conclusions

Sperm motility, normal morphology and membrane
integrity were preserved more efficiently in BTS including
1.5% gelatin than in BTS, for up to 96 h. Artificial insemination
with semen stored in BTS including 1.5% gelatin presented
shorter duration and less backflow than with semen stored in
non-supplemented BTS, although farrowing rates and total
litter size were similar.
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