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fecundity
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Summary
Farrowing rate and number of pigs born
alive were compared after use of either fro-
zen semen or combined fresh and frozen
semen matings in nulliparous gilts. Estrus
was synchronized using Altrenogest (AT:
Regu-Mate® Solution, Hoescht Roussel
Vet, Warren, New Jersey) and detected
with a mature boar. The farrowing rate was
74% for females inseminated with frozen
semen, and 88% for females inseminated
with a combination of fresh and frozen
semen. There were 12.8 pigs born per litter
when frozen semen was used, and 12.9
when a combination of fresh and frozen
semen was used. These data suggest that
when a managed system is used, breeding
with frozen semen may result in acceptable
production.
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The search for a successful
cryopreservation protocol for se-
men can be traced back 200 years

to the discovery that human, stallion, and
frog spermatozoa rendered inactive by
cooling in snow could be revived.1,2 The
subsequent finding by Polge et al,3 that
glycerol protects the sperm cell’s structural
integrity during freezing, opened the door
to the development of cryopreservation
procedures for semen and other cell types
of a variety of species. The first successful
freezing and thawing of swine semen was
reported simultaneously by Crabo and
Einarsson,4 Graham et al,5 and Pursel and
Johnson.6 While these original freezing
protocols have undergone many changes,
the farrowing rates obtained with the use of
frozen semen today continue to average

between 50% and 60%, with litter sizes of
seven to 10 pigs.7 These values are still ap-
preciably lower than those observed when
fresh semen is used. As a result, use of fro-
zen semen in commercial breeding pro-
grams has been very limited.7

Acceptance of frozen semen as an alterna-
tive to fresh semen could be greatly en-
hanced if the fecundity associated with
today’s frozen/thawed semen could be in-
creased. This was the objective of the cur-
rent case study.

Preparation of frozen and fresh semen
Semen was provided by four boars that
represented two genetic lines. Two of the
boars were half siblings, and all were >1
year of age. Only one boar had proven fer-
tility, i.e., had sired a litter prior to semen
collection and freezing. Five months before
beginning the estrus synchronization and
insemination protocol described below,
240 doses of semen were frozen. Semen
collection was performed not more than
twice weekly on each boar. Semen was col-
lected into a warmed thermos cup contain-
ing 50 mL of Androhep extender (Mini-
tube, Verona, Wisconsin) that included
500 mg/mL of gentamicin sulfate. Motility
was scored grossly at 40x and 100x magni-
fication using the following scale: 0, dead
or no sperm; 1, poor (sperm only wrig-
gling); 2, fair; 3, good (clumping present);
4, good/very good (some clumping with
some wave motion); 5, very good (wave
motion present). Only ejaculates that re-
ceived a score of at least 4 were extended
for freezing or used as fresh semen for AI.

Before freezing, semen was extended by the
addition of 1.5× its volume of Androhep
extender at a temperature within 1°C of
the semen. The plastic 250-mL bottle con-
taining the extended semen was placed in a

1-liter beaker that contained 150 mL of
extender at the same temperature as the
semen. Extended semen was allowed to
cool to room temperature (21°C to 23°C)
over a 4-hour period. The beaker contain-
ing the bottle of extended semen was then
placed in a refrigerator (17°C) and allowed
to cool overnight. Semen in 5-mL macro-
tubes (5 × 109 sperm/macrotube) was fro-
zen the next morning in liquid nitrogen
vapor as described by Westendorf et al,8

except that the prediluter used was Andro-
hep extender. The freezing chamber was a
Styrofoam box 41 × 48 × 30 cm (length ×
width × depth), filled to a depth of 2 cm
with liquid nitrogen.

At the end of each freezing trial, the pro-
portion of live sperm in one thawed dose
of semen was determined by supravital
staining with a 2% solution of eosin G.
One individual evaluated a total of 200
sperm in five fields on one side. The pro-
portion of sperm that exhibited forward
motility was assessed in a Makler counting
chamber (Sefi-Medical Instruments, Haifa,
Israel). If motility was less than 15%, the
entire complement of frozen doses was dis-
carded. Macrostraws of frozen semen were
transported to the breeding facility in a
liquid nitrogen vapor “dry” shipping tank.

Fresh semen was collected from the same
four boars 24 hours prior to inseminating
the gilts. Semen was collected into a ther-
mos containing 50 mL of Androhep ex-
tender warmed to 37°C. Additional ex-
tender was added to yield a final ratio of
1.5 parts extender to 1 part semen (vol. :
vol.). Extended semen was aliquoted into
100-mL bottles (5 × 109 sperm per bottle),
which were placed in a Styrofoam cooler.
In order to maintain the temperature at
17°C, two partially thawed 250-mL bottles
of acetic acid, which melts at approxi-
mately 17°C, were packaged with the se-
men bottles. The Styrofoam container was
placed in a cardboard box and shipped
overnight to the breeding farm. Upon ar-
rival, the temperature of the semen in one
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bottle was measured, and a small sample of
extended semen was removed, checked for
gross motility, and scored as described. All
semen bottles were placed in a refrigerator
at 17°C, and were maintained at this tem-
perature until used for insemination. Fresh
semen was used within 24 hours of receipt.

Estrus synchronization
Altrenogest (AT: Regu-Mate® Solution,
Hoescht Russel Vet, Warren, New Jersey)
was fed (top-dressed) to 61 sexually mature
gilts at a dosage of 10 mg per gilt per day
for 20 to 24 days (AT is not labeled for use
in swine). The last day of AT feeding was
staggered so that different groups of 12
gilts had their last dose of AT over a period
of 5 consecutive days, ensuring that estrus
and insemination would be distributed
over a 6- to 8-day period. This was neces-
sary because caesarean sections (c-sections)
were scheduled for all sows after 114 days
of gestation, and it was calculated that a
maximum of 10 c-sections could be per-
formed daily. Twenty-four hours after the
last feeding of AT, all gilts were treated
with 10 mg of prostaglandin-F2α (Luta-
lyse®, Pharmacia & Upjohn, Kalamazoo,
Michigan). Sixty gilts expressed estrus and
were bred.

Estrus detection and insemination
Estrus detection began 3 days after the last
dose of AT was fed. Gilts were exposed to a
sexually mature boar three times daily at 6-
hour intervals. A gilt was considered to be
in estrus if she exhibited a strong lordosis
response in the presence of the boar, i.e.,
she allowed an individual to sit on her
back. Beginning 30 hours after the onset of
estrus, 34 gilts were inseminated with fro-
zen semen only, two with fresh semen only,
and 24 with alternating doses of frozen and
fresh semen. Gilts inseminated with frozen
semen only or with alternating doses of
frozen and fresh semen were bred four
times, 30, 36, 42, and 48 hours after the
onset of estrus. Gilts inseminated with
fresh semen only were bred three times, 30,
36, and 42 hours after the onset of estrus.
The first day of insemination was desig-
nated day 0. Frozen semen was deposited
in the female using sterile, disposable
spiretes immediately after thawing. No gilts
received frozen semen from the same ejacu-
late for all four inseminations.

Thawing protocol for frozen semen
Prior to thawing, the water temperatures of

a double-chambered water bath were set at
50°C and 37°C. Androhep extender was
prepared according to the manufacturer’s
instructions at least 1 hour prior to use,
and 80-mL aliquots were dispensed into
100-mL insemination bottles. Extender
bottles were placed in the 37°C water bath
chamber and allowed to warm to that tem-
perature. When the bottles had reached
37°C (after approximately 20 minutes), a
timer was set for 40 seconds. A single straw
was removed from the liquid nitrogen
tank, plunged into the 50°C water bath,
and gently swirled for 40 seconds. The
straw was removed and wiped off with a
paper towel, and one end was clipped with
scissors. The clipped end was placed in a
bottle of prewarmed Androhep extender,
and the other end of the straw was clipped.
The straw was then rinsed by aspirating
and expelling a small amount of extender.
The thawed semen was transported to the
breeding area and deposited in the female
within 5 minutes of thawing.

Cesarean derivation of piglets
C-sections were performed between days
115 and 117 of gestation, except for one
that was performed on day 120. Nellor et
al9 (1975) demonstrated that when gesta-
tion was prolonged for 7–11 days by feed-
ing 6-methyl-17-acetoxy-progesterone
(MAP), there was no detrimental effect on
survival of piglets derived by c-section from
purebred Hampshire, Yorkshire, and
Hampshire-Yorkshire crossbred gilts (con-
trol gestation, 114 days). We expected
similar results with the pigs in this study, as
the mean gestation length in the herd from
which the gilts were obtained was also 114
days, and gestation was not prolonged
more than 6 days. Natural parturition was
delayed by feeding AT at a dosage of 20 mg
per gilt per day, from day 100 of gestation
until the day of the c-section. Sows were
euthanized immediately after surgery by IV
administration of pentobarbital, 80 mg/kg
BW.  (MAP is not labelled for use in
swine.)

Statistics
The pregnancy rate and mean number of
pigs born alive was similar for gilts bred
with fresh semen alone and those bred with
alternating frozen and fresh semen; there-
fore, these two groups were pooled into the
Fresh treatment group (n=26). The Frozen
treatment group (n=34) consisted of gilts
bred with frozen semen only. The effect of
semen type on pregnancy rate and propor-
tion of mummified fetuses was analyzed by
Chi square. The relationships between se-
men types, the mean day of gestation on
which c-sections were performed, and the
mean number of live born pigs were ana-
lyzed by T-test.10

Results
Semen was frozen from 25 collections
made over a 3-month period (Table 1).
Each freezing trial produced an average of
9.6 ± 0.7 doses. Sperm concentration was
determined prior to freezing; after thawing,
the average (± SE) motility was 28.2% ±
1.6 and the average (± SE) proportion of
viable sperm was 32.2% ± 2.0. The mean
(± SE) length of gestation prior to c-section
was significantly greater (P=.027) for gilts
in the Frozen group (116.1 days ± 0.3)
than for those in the Fresh group (115.0
days ± 0.1). Pregnancy rate, mean number
of live born pigs, and proportion of mum-
mified fetuses did not differ significantly
between the Frozen and Fresh treatment
groups (Table 2).

Discussion
Our results show that artificial insemina-
tion with frozen semen may yield a mean
number of live born pigs similar to that
observed when fresh semen is used. The
pregnancy rate did not differ by semen
type. The protocol used in this study con-
sisted of a “3 × 4 × 6” estrus detection and
insemination protocol, i.e., estrus detection
was carried out 3 times daily and gilts were
inseminated with frozen-thawed semen a
total of 4 times, once every 6 hours. This
protocol may have been successful when
combined with estrus synchronization
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Table 1: Collection frequency and ejaculate sperm concentrations in semen
frozen from four boars
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using AT because both procedures allow
multiple inseminations to be scheduled so
that they are likely to occur near the time
of ovulation.

When frozen semen is used, the ovum and
sperm must be brought together in the ovi-
duct as soon as possible after the semen has
been thawed, because the freezing-thawing
process causes partial decapitation of the
sperm. Both fully and partially decapitated
sperm are viable in the female tract for only
a short period of time. According to
Watson,11 frozen/thawed sperm are “acti-
vated preparatory to meeting the oocyte,
and if this does not occur within a short
time, they will die.” The swine practitioner
must ensure that viable thawed sperm
reach the oviduct as close to the time of
ovulation as possible. Ovulation in swine is
most likely to begin approximately 30–57
hours after the onset of estrus;12,13 there-
fore, multiple inseminations should be
scheduled throughout this 27-hour period.

In this study, the first insemination was
performed 30 hours after the onset of es-
trus, followed by three additional insemi-
nations at 6-hour intervals, in order to ad-
equately cover the 27-hour window
associated with the onset of estrus. The
farrowing rate and average number of live
born pigs were superior to those reported
by several studies in which semen frozen in
maxi-straws was used in a commercial
breeding program.14,15 Our results suggest
that synchronization of estrus with AT,
combined with application of the “3 × 4 ×
6” insemination protocol, may have been
successful in placing frozen/thawed sperm
in the oviduct at or near the time of
ovulation.

The “3 × 4 × 6” protocol is more labor-
intensive than the standard program of
twice-daily estrus detection and breeding
with fresh semen 12 and 24 hours or 24
and 48 hours after the onset of estrus.
Until the survival of thawed semen im-
proves, this extra effort will continue to be

necessary. Most swine semen is frozen us-
ing either the Beltsville pellet method or
the Hulsenberg straw method.7 A review of
fertility results for frozen semen between
1970 and 1985 showed no significant dif-
ferences in farrowing rate or litter size
when these two methods were used.16 Nei-
ther the farrowing rate (55–58%) nor the
average litter size (8.3–9 pigs) was excep-
tional for semen frozen by either method.
The time required for semen processing
and freezing is significant for both meth-
ods. The Beltsville pellet method takes 5
hours from semen collection to freezing,
while the Hulsenberg method requires 7–9
hours (or longer for the modified protocol
used in this study).7,15

The preparation time and labor associated
with the use of frozen semen can be re-
duced, particularly when a large number of
females is to be inseminated, if estrus is
synchronized using an induced abortion
strategy or an orally active progestagen.
Estrus synchronization allows efforts to be
concentrated toward detecting estrus dur-
ing a predictable time period, and shortens
the time interval for performing multiple
inseminations.

The amount of labor required to achieve
the level of fecundity reported here is not
trivial; however, the additional effort can
make frozen semen an acceptable alterna-
tive to fresh semen. Hopefully, this proto-
col and development of equally effective
breeding strategies in the future will in-
crease the interest of the swine industry in
the use of frozen semen.

Implications
• It is possible to use frozen boar semen

in a program that results in farrowing
rates and pigs born alive similar to
those achieved with AI using fresh
semen.

• Further research is required to
determine how to reduce the high
level of labor in the protocol reported
here.

• This protocol may be developed to
make the use of frozen semen a more
attractive contingency plan for either
health or production failures of boar
studs.
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Table 2: Effect of using frozen semen or alternating fresh and frozen semen on
the pregnancy rate, mean number of pigs born alive, and proportion of
mummified fetuses delivered in primiparous gilts

*  Fresh semen alone or used in an alternating schedule with frozen semen


