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ABSTRACT - Two semen extenders were compared for their ability to maintain viability of horse semen during 24 hours
of cold preservation, and for the pregnancy rate after artiﬁcial insemination. In the experiment 1, ﬁve ejaculates from three
stallions were split-diluted in either a skimmed milk-based extender (Kenney extender) or a glycine egg yolk-based extender
(Foote extender) and cooled at 6–8 °C for 24 hours. Semen samples stored in Kenney extender for 24 hours had higher motility
and spermatic vigor compared with those stored in Foote extender. However, samples stored in Foote extender had higher
number of reactive sperm by hypoosmotic test and greater viability by epiﬂuorescence test compared with those in Kenney
extender. In the experiment 2, 17 and 23 ejaculates from two stallions were split-diluted with Kenney extender and Foote
extender. The sperm concentration in each extender was adjusted to 500 million viable sperms per insemination dose. Semen
was cooled to 6–8 °C and stored for 24 hours. Seventy-four cycles of crossbred mares were inseminated with either semen
diluted in Kenney extender or semen diluted in Foote extender. The pregnancy rate was higher from semen diluted in Kenney
extender than that from semen in Foote extender (0.553 vs. 0.306). The Kenney extender is effective in preserving the motility,
vigor and fertility of stallion semen after 24 hours of cold storage, whereas the Foote extender is not acceptable.
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Introduction
Artiﬁcial insemination with cooled semen has been
routinely used in equine reproduction as it allows higher
fertility rates compared with those with frozen semen,
when used within 24 hours after collection (Jasko et al.,
1992; Vidament et al., 1997; Aurich & Aurich, 2006).
The semen extenders used for dilution and packaging
of equine cooled semen are mostly based on skimmed milk
and egg yolk. The active components involved in sperm
protection by milk are casein micelles, which interact
with membrane plasma proteins and protect against the
removal of phospholipids and cholesterol from the plasma
membrane (Bergeron & Manjunath, 2006). The egg yolk, in
combination with other components of extender, can help
the sperms to resist the cold shock (Bogart & Mayer, 1950;
Amirat et al., 2004) and this protective action is mainly
attributed to low-density lipoprotein (Pace & Graham,
1974; Moussa et al., 2002).
The sperm plasma membrane in stallion and boar
has a lower ratio of cholesterol to phospholipids than the
bull sperm plasma membrane (Parks & Lynch, 1992).
This apparently results in more susceptibility of stallion
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and boar semen to cold shock during storage at low
temperatures (Parks & Lynch, 1992). In this regard, the
semen extenders that are commonly used for cooling of
boar semen may be adapted for use in storage of stallion
cooled semen for better fertility results. A glycine egg
yolk-based extender (Foote, 2002) was used for cooling
of boar semen and the sperm motility did not decline more
than 10% during 2 days of storage at various temperatures
(5, 15 or 25 °C). The same extender maintained the fertility
of donkey semen after dilution and cooling at 5 °C for 12
hours (Rossi et al., 2012), showing promising results for
adaptation for use in cooling of stallion semen.
An estimate of potential fertility of semen sample can
be obtained through several in vitro tests for evaluation
of semen characteristics (Mocé & Graham, 2008). Semen
evaluation using these laboratory tests is rapid, inexpensive
and extremely important for the artiﬁcial insemination
practice to ensure high semen quality.
The objective of the present study was to evaluate
and compare the in vitro viability and in vivo fertility of
stallion semen stored at low temperature (6–8 °C) for 24
hours using an extender (Kenney extender, a skimmed
powdered milk-based extender; Kenney et al., 1975) that is
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commonly used in stallion semen dilution and an extender
(Foote extender, a glycine-egg yolk-based extender; Foote,
2002) that is used for boar semen.

Material and Methods
In experiment 1, three stallions of the Mangalarga
Marchador breed, 8 to 14 years-old, were selected with
no apparent abnormalities of the reproductive tract, as
determined on the basis of andrological examination and
reproductive history, and kept in 5 × 3 m stalls. Stallions were
fed elephant grass (Pennisetum purpureum), concentrate
(corn and soybean), and mineral salt and were in good
body condition during the period of semen collection for
the experiment.
Semen samples were collected in December during the
reproductive season in Brazil. Five ejaculates per stallions
were used, collected three times a week with the aid of an
artiﬁcial vagina (adapted Hannover model) using a mare in
estrus as dummy. The ejaculates were immediately taken
to the laboratory for further processing. Each ejaculate was
split into two parts. One part was diluted in Kenney extender,
a skimmed milk based extender (Kenney et al., 1975),
commonly used for dilution of stallion semen. The other
part was diluted in Foote extender, a glycine-egg yolk based
extender (Foote, 2002) used for dilution of boar semen.
After the dilution, both the parts were packaged in aliquots
containing 12 mL of diluted semen with ﬁnal concentration
of 30 × 106 viable sperm/mL, and stored in a container
(Equitainer®; Hamilton Research, Inc. 66 Woodland Mead,
South Hamilton, MA, USA) at 6-8 °C for 24 hours.
The semen quality was evaluated for fresh, diluted and
cooled semen. The physical parameters of motility (number
of sperm with progressive movement/100 sperm cells) and
vigor (status of the sperm motility), scored on a scale from
0 (without movement) to 5 (fast progressive movement),
were evaluated under a light microscope (400×) by two
trained evaluators who did not know the treatment groups.
The sperm morphology of diluted and cooled semen was
evaluated after deposition of one drop of semen, previously
diluted in saline formaldehyde solution buffered at 37 °C,
between slide and cover slip. Counting of 200 sperm cells
was done under an optical phase contrast microscope
(1000×) for enumeration of different types of morphological
abnormalities (Brito, 2007; Varner, 2008) and subsequent
classiﬁcation for minor or major defects (Blom, 1972).
The integrity of the plasma membrane was evaluated by
supravital test and functionality by hyposmotic test (HOST)
in the diluted semen before and after the cold storage. The
supravital test was done using eosin-nigrosin stain. One

drop (10 µL) of semen was placed together with one drop
(10 µL) of dye on a slide, and a smear was made after 2
minutes on a hot plate at 37 °C. The sperms classiﬁed as
intact (viable) membrane were not stained by eosin, while
the non-intact (nonviable) membrane showed the pink-red
stained nuclei. From each one, a sample of 100 sperm cells
were counted under common optical microscope (400×).
For HOST, a solution of 100 mOsmol sucrose-base
was used. Aliquots of 1 mL of this solution were placed
in tubes at 37 °C and 20 µL of semen sample were added
and incubated for 50 minutes in a water bath at 37 °C.
Subsequently, the sperms were analyzed by counting 100
sperm cells from each sample in phase contrast microscopy
(400×). The cells were classiﬁed by the presence or absence
of coiled tail (Neild, 1999). The calculations of hyposmotic
reaction were done using the formula (reactive sperms by
HOST = % of coiled tails after HOST – % of coiled tails
before HOST) described by Melo & Henry (1999).
The assessment of membrane integrity of the semen
after 24 hours of cooling was also veriﬁed using the
combination of two ﬂuorescent dyes: propidium iodide
(PI) and carboxyﬂuorescein diacetate (CFDA). Sperm
showing complete or partial red ﬂuorescence (PI staining)
was considered nonviable, while sperm showing green
ﬂuorescence was considered viable (Brito, 2007). For
CFDA/PI staining, 10 µL of diluted semen after cold storage
for 24 hours at 6–8 °C was added to a conical tube containing
40 mL of stock solution of CFDA/PI in a dark room at 25 °C.
The reading was performed after the homogenization of the
conical tube. The slides were prepared (wet preparation) at
room temperature and evaluated in ﬂuorescence microscope
(1250×), using ﬁlters of 480 to 610 nm (ﬂuorescein and
rhodamine, respectively).
In experiment 2, the experiment was done from October
to February during the reproductive season in Brazil. Semen
ejaculates from 2 Mangalarga Marchador breed stallions, at
9 (Stallion 1) and 8 (Stallion 2) years of age, were used.
The selection, feeding and management were similar to
experiment 1.
To determine the fertility rate of the diluted and coldstored ejaculates after artiﬁcial insemination, 38 crossbred
Breton-Postier mares, of 4 to 18 years of age, weighing 350
to 500 kg and with good body condition score were used.
The mares were selected with no apparent abnormalities
of the reproductive tract, as determined by ultrasound
examinations and reproductive history (Ginther, 1995). The
animals were kept in paddocks. Mares received mineral
salt ad libitum and supplementation with shopped elephant
grass (Pennisetum purpureum) and concentrate (corn and
soybean).
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Seventeen ejaculates from Stallion 1 and 23 ejaculates
from Stallion 2 were collected. The semen collections were
done three times a week (Monday, Wednesday, and Friday),
with the aid of an artiﬁcial vagina (adapted Hannover
model) using a mare in estrus as dummy. After collection,
the ejaculates were immediately taken to the laboratory for
further processing. Each ejaculate was split into two parts
and diluted either in Kenney or Foote extender. The dilution
with extenders was performed as described in Experiment 1.
The concentration of sperm was adjusted to 500 million
viable sperms per insemination dose in a ﬁnal volume of
15 mL. The semen was placed in Equitainer® for cooling at
6-8 °C for 24 hours. The mares were inseminated by semen
dose either with Kenney or with Foote extender. Semen
from two stallions was used randomly.
The semen quality was evaluated for fresh, diluted and
cooled semen for physical and morphological characteristics
as described in experiment 1.
The mares were regularly observed and examined, and
those which showed estrous signs and/or a follicle greater
than 25 mm in diameter, with good uterine conditions (no
ﬂuid in the uterine lumen and onset of endometrial edema)
were daily monitored by transrectal palpation. After the
detection of 30 mm follicles, mares were randomly assigned
to two groups: mares inseminated with cooled semen in
Kenney extender and mares inseminated with cooled semen
in Foote extender. The semen from both stallions was
randomly used among the mares. Inseminations were made
only on predetermined days (3 times a week - Tuesdays,
Thursdays and Saturdays). The semen was deposited in
uterine body on the day of detection of a 30-40 mm follicle
and repeated until observation of ovulation. Seventy-four
estrous cycles from 38 mares were used. The pregnancy
diagnosis was made from the 10th to the 13th day after the
ovulation by transrectal ultrasonography (Ginther, 1995).
The dependent variables considered were: progressive
motility, sperm vigor, sperm morphology, reactivity
to HOST, number of viable and nonviable sperms by
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supravital dye test and number of viable and nonviable
sperms by epiﬂuorescence dye test. The data that showed
a normal distribution by Shapiro-Wilk test were compared
using ANOVA followed by the Student-Newman Keuls test
for comparisons between extenders and between stallions.
Data that were not normally distributed (spermatic vigor)
were transformed to log. The simple Pearson correlation
was tested among the variables (progressive motility,
reactive to HOST, viable by epiﬂuorescence and viable by
supravital test) to verify the possible relationships between
the characteristics after cooling. Pregnancy rate in mares
was compared by the frequency distribution of Chi-square
(X²) to check for possible differences between extenders.
The statistical software SAS was used (SAS Institute Inc,
version 9.2). The data are given as the mean±SD unless
otherwise indicated. A probability of P<0.05 indicated that
the difference was signiﬁcant.

Results and Discussion
In experiment 1, the mean values of progressive
motility and sperm vigor of the fresh semen were 62.7±9.3
sperm/100 sperm and 3.2±0.3, respectively and did not
differ between stallions. For diluted semen before cold
storage, there were no differences in any physical and
morphological characteristics of sperms between the
Kenney and Foote extenders (Table 1). For cooled semen
(6-8 °C for 24 hours), progressive motility and sperm
vigor of semen diluted with Kenney extender were higher
(P<0.05) than that of semen diluted with Foote extender;
no difference was found between the extenders in any
sperm morphology characteristics. The percentage of
sperm defects was higher (P<0.05) in the diluted semen
after than before cooling, irrespective of extender.
In experiment 2, the mean values of progressive
motility and sperm vigor of the fresh semen were 69.9±5.0%
and 3.4±0.3, respectively, and did not differ between
stallions. The mean percentage of progressive motility

Table 1 - Mean of data for physical and morphological characteristics of stallion semen diluted in Kenney extender or Foote extender and
stored at 6–8 °C for 24 hours
Parameter (n=15)
Progressive motility (sperm/100 sperm)
Sperm vigor (0–5)
Normal sperm (sperm/100 sperm)
Major defects (sperm/100 sperm)
Minor defects (sperm/100 sperm)

Diluted1

Cooled2

Kenney

Foote

Kenney

Foote

62.3±9.6
3.4±0.4
71.3±7.5x
8.8±3.8
20.0±7.8y

60.0±11.0
3.1±0.3
72.0±8.8x
7.1±3.0
22.2±9.7y

37.0±9.4a
2.4±0.3a
65.7±8.7y
9.3±5.3
25.0±7.8x

30.3±11.0b
2.0±0.5b
67.7±9.8y
7.9±5.0
24.6±10.9x

a,b - Means with different letters (a, b) in the same row within each semen category (diluted or cooled) differ (P<0.05).
x,y - Means with different letters (x, y) in the same row within each semen extender (Kenney or Foote) differ (P<0.05).
1
Semen before cooling.
2
Semen after cooling at 6–8 °C for 24 hours.
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and sperm vigor of cooled semen were higher (P<0.05) in
Kenney extender (51.0±10.5 sperm/100 sperm and 3.0±0.4,
respectively) than that in Foote extender (42.5±9.9 sperm/
100 sperm and 2.4±0.5, respectively). The mean values of
number of normal sperm/100 sperm in fresh semen (before
dilution), semen cooled with Kenney extender, and semen
cooled with Foote extender were 73.4±4.3; 63.0±11.1;
and 64.2±14.5, respectively. The mean number of normal
sperm/100 sperm after cooling at 6–8 °C for 24 hours was
lower (P<0.05) in both extenders by the morphology test,
but there was no signiﬁcant difference between extenders.
After cooling for 24 hours, the semen diluted in both
extenders showed a higher (P<0.05) number of sperm
with minor defects compared with those of fresh semen
(unpublished data).
The signiﬁcant higher progressive motility and sperm
vigor obtained with Kenney extender in both experiments
is probably due to better availability of substrate in
this extender (glucose-skimmed milk) in comparison
with Foote extender (glycine-egg yolk), a characteristic
that provides greater energy support for survival and
movement of spermatic cell. Changes in organization of the
plasma membrane ﬂuid mosaic can lead to alterations in
permeability, functionality and metabolism of sperm cell,
which may affect the motility and fertilizing ability (Amann
& Graham, 1993). Although the protection mechanism
of milk for the sperm is not clearly known, it is believed
that phosphocaseinate and β-lactoglobulin are the major
components of milk that promote this protection (Batellier
et al., 1998; 2001). Another factor that may be correlated to
the survival of sperm cells during storage is the amount of
energy reserves contained in extender and seminal plasma,
which, in the case of exhaustion of reserves, could promote
sperm metabolic death, since motility is the process that
requires more energy and has a positive correlation with
ATP concentrations (Heisnaken et al., 1987; Januaskauskas
& Rodriguez-Martinez, 1995). The previous studies using
egg yolk in equine semen extenders were equivocal. Some
studies (Province et al., 1984; Bruemmer et al., 2002)

showed inferiority of egg yolk-based extenders and others
(Rota et al., 2004; Melo et al., 2005; Rota et al., 2008)
showed superiority of yolk-based extenders on the motility
and viability at different periods of storage in comparison
with those from milk-based extenders.
Although there was no difference in the number
of normal and defective sperms between extenders
after cooling in both experiments, the number of sperm
defects increased with both extenders compared with
fresh diluted semen, and this reinforces the previous
studies (Graham, 1996) in which the cooling process
promoted irreversible cellular injuries, which may impair
the semen fertility. However, the increase was mostly
in minor defects and could have been promoted by cold
shock. These defects are considered less important than
the major defects when considering fertility, and can be
compensated by increasing sperm number in insemination
dose (Chenoweth, 2005).
In experiment 1, there were no signiﬁcant differences
in the functionality of sperm plasma membrane by HOST
and integrity by supravital staining in diluted semen before
cooling between Kenney and Foote extenders (Table 2).
The data for epiﬂuorescence test on cooled semen was
not available in 3 samples in each extender due to lack
of semen evaluation within two hours after staining with
the ﬂuorescent probes. For cooled semen after 24 hours
at 6-8 °C, sperm functionality by HOST and the integrity
by epiﬂuoresence was higher (P<0.05) in Foote extender
compared with that of Kenney extender; the supravital
viability did not differ between extenders. A signiﬁcant
(P<0.05) correlation was observed between HOST and
epiﬂuorescence test (r = 0.46) and between HOST and
supravital test (r = 0.39) combined for extenders (data not
shown). No correlations were observed between any other
characteristics.
The plasma membrane allows selective transport of
important molecules to the sperm cytoplasm and its integrity
is important for the reactions necessary for union of male
and female gametes (Jeyendran et al., 1984). The two

Table 2 - Mean of data for the number of reactive sperm by HOST, and viable sperm by supravital and epiﬂuorescence test in stallion semen
diluted in Kenney extender or Foote extender and stored at 6–8 °C for 24 hours
Parameter (n=15)3
HOST (reactive sperm/100 sperm)
Supravital (viable sperm/100 sperm)
Epiﬂuorescence (viable sperm/100 sperm)

Diluted1

Cooled2

Kenney

Foote

Kenney

Foote

47.5±15.7
61.6±5.3
—

59.2±13.3
72.8±8.6
—

23.6±11.3a
34.9±22.9
22.5±20.3a

39.9±14.0b
47.8±21.4
61.0±14.0b

Means with different letters in the same row within each semen category (diluted or cooled) differ (P<0.05).
HOST - hyposmotic test.
1
Semen before cooling.
2
Semen after cooling at 6–8 °C for 24 hours.
3
For epiﬂuorescence test for cooled semen n=12.
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extenders were similar in their effect on plasma membrane
integrity of cooled sperm by supravital test. However, other
studies have shown superiority in the number of viable
sperm (range 72 to 90 sperm/100 sperm) by supravital test
in extenders containing egg yolk (Melo & Henry, 1999;
Nunes et al., 2008). The superiority of Foote extender by
the HOST and epiﬂuorescence test suggested that it may
give better protection to the plasma membrane during
cooling. However, this apparently could not compensate
the simultaneous impairment of the motility and vigor of
the sperms as shown by the lower pregnancy rate from the
semen diluted in Foote extender (Table 3). The decrease
in motility in the cooled semen in Foote extender may be
attributed to changes in available energy or damage to
elements of axoneme that may compromise progressive
sperm motility without promoting high injury rate in the
plasma membrane (Watson, 1995).
The sperm motility and morphology were the
characteristics that best correlated to fertility of the semen
in some studies (Dowsett et al., 1984; Daels et al., 1991; Jasko
et al., 1992). In addition, in another study (Johansson et al.,
2008) a positive correlation between sperm viability by
supravital test and sperm motility were observed in stallion
semen. In contrast with the present study, an association
between sperm motility and integrity or functionality of
its plasma membrane was not found. In this regard, for an
effective evaluation of semen samples, several in vitro tests
for different sperm characteristics are required. Since the
process of fertilization of an oocyte by a sperm is complex,
an in vitro test for measuring a single attribute of sperm
may not be a foolproof method to assess the quality of
semen. Further studies are indicated for the comprehensive
examination of different forms of damage in the sperm
during the cooling that impair the fertility of the semen.
The pregnancy rate did not differ signiﬁcantly between
stallions 1 and 2, combined for the two extenders (Table 3).
Thus, data from the two stallions was combined. The
pregnancy rate was higher (P<0.05) for semen with Kenney
extender than that for Foote extender.

Table 3 - Pregnancy rates (number of pregnancy/cycle) of mares
inseminated with stallion semen diluted and cooled in
Kenney extender or Foote extender at 6–8 °C for 24
hours
Stallion 1
Stallion 2
Overall

Kenney (n=38)

Foote (n=36)

0.438 (7/16)
0.636 (14/22)
0.553a (21/38)

0.267 (4/15)
0.333 (7/21)
0.306b (11/36)

Percentages with different letters in the same row differ (P<0.05).
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The higher pregnancy rate observed with the Kenney
extender (21/38 cycles) compared with the Foote extender
(11/36 cycles) is consistent with higher motility and
vigor observed in vitro for the Kenney extender in both
experiments and indicates a better relationship between
these characteristics with fertility than plasma membrane
assessments. The lower pregnancy rate in semen diluted
with Foote extender could also be due to presence of
egg yolk, which has been shown to contain progesterone
(mean of immunoreactive progesterone, 13.7±2.9 mg/yolk;
Möstl et al., 2001). Progesterone could lead to a premature
sperm capacitation, leading to reduced fertility. Progesterone
can bind to receptors on plasma membrane of equine sperm
(Cheng et al., 1998), an important step in the acrosomal
reaction process. The fertility obtained in this study with
Kenney extender was similar to those obtained in many
studies using milk-based extenders (Douglas-Hamilton et al.,
1984; Jasko et al., 1992; Batellier et al., 1998).
The pregnancy rate for the semen with Foote extender
was lower compared with that reported by others (Carvalho
et al., 1997; Silva Filho et al., 1998; Melo et al., 2005) who
also used egg yolk-based extenders. Thus, adaptations or
modiﬁcations of Foote extender for the dilution of stallion
semen may be a topic for further studies so as to improve
the maintenance and protective ability of this semen
extender. The possible modiﬁcations could be the addition
of larger amounts of an energy constituent such as glucose
to provide more energy in the form of ATP and thus avoid
the metabolic death of the sperm.

Conclusions
Foote extender, a glycine-egg yolk-based semen
extender, is not effective in preserving the semen
characteristics (progressive motility and sperm vigor) and
does not give acceptable fertility rate after insemination
with diluted equine semen cooled to 6-8 °C for 24 hours.
On the other hand, the Kenney extender is a superior
option for diluting equine semen in programs of artiﬁcial
insemination with cooled semen.
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