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—Technical Note—
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Abstract.  In this study, two following experiments were performed to improve post-thaw motility
and viability of frozen-thawed ram spermatozoa.  We examined i) the effects of different
concentrations of bovine serum albumin (0, 0.3, 1, 5, 10 and 15% BSA) in semen diluents lacking egg
yolk and ii) the effects of four semen diluents, fructose (F: control) and trehalose (T) in semen diluents
containing egg yolk, 15% BSA in semen diluents without egg yolk (BSA), and modified phosphate
buffered saline (m-PBS).  Frozen-thawed spermatozoa were examined for progressive sperm motility,
viability, morphological abnormality, sperm tail swelling test, and sperm acrosome integrity.  In
Experiment 1, the rates of sperm motility immediately after thawing (0 h) were significantly (P<0.05)
higher in the 10 and 15% BSA groups (55.0 ± 2.9 and 58.3 ± 6.7%, respectively) than in the positive
control (F) group (41.7 ± 4.4%).  The rate of sperm viability in the negative control (0% BSA) group
(80.2 ± 3.3%) was significantly (P<0.05) lower than in the positive control (F) group (89.8 ± 1.5%), but
when compared with the F group, no significant differences were found among the 0.3, 1, 5, 10 and
15% BSA groups at 0 h.  The rates of sperm morphological abnormality of the 10 and 15% BSA groups
(6.5 ± 1.3 and 6.3 ± 1.1%, respectively) were significantly (P<0.05) lower at 0 h than that in the 1% BSA
group (16.3 ± 5.2%).  In Experiment 2, T addition improved (P<0.05) the post-thaw motility compared
with the F and BSA groups.  Furthermore, at 3 and 6 h, the post-thaw motility of the T group (36.3 ± 2.4
and 25.0 ± 2.0%, respectively) was significantly (P<0.05) higher than in the BSA (26.3 ± 2.4 and 18.8 ±
1.3%, respectively) and F (28.8 ± 3.8 and 18.8 ±  2.4%, respectively) groups.  The post-thaw sperm
motility and viability in the m-PBS group were significantly (P<0.05) lower than those of the control
(F), T, and BSA groups throughout all observation points.  These results indicate that 10 and 15% BSA
can be substituted for egg-yolk for ram semen diluent and that the addition of trehalose enhances
motility and viability of ram spermatozoa after freezing and thawing.
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t  has been reported that frozen-thawed
spermatozoa are greatly damaged during the

freezing and thawing processes [1–5].  This damage
may decrease sperm motility and the fertilization
rate after artificial insemination (AI).  Several
semen analysis methods have been developed to

evaluate the functional parameters of spermatozoa
more objectively.  The hypo-osmotic swelling test
(HOS-test) has been applied to various species,
such as dogs [6, 7], cattle [8, 9], horses [10–12], rams
[13], minke whales (Balaenoptera bonarensis) [13] and
humans [14, 15].  It has been recognized that the
HOS-Test is a simple and useful method with good
reliability and repeatability for examination of the
sperm plasma membrane.
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In sheep, the pregnancy rate for cervical
insemination (CI) with frozen-thawed semen is
generally low (20–40%) [16–19].  It is thought that
the cause of this low pregnancy rate is the
complexed cervical structure of the ewe [20, 21].
For successful sperm transport to the site of
fertilization, good initial motility of post-thawed
spermatozoa is required.  For this reason, freezing
damages  must  be  reduced to  improve the
fertilization rate and subsequent fertility by CI.
Semen diluents for most animal species, including
marine mammals, usually contain glucose or
fructose, egg yolk, and glycerol [16–18, 22–24].
However, preparation of uniform semen diluents
containing egg yolk is difficult because the
individual egg yolk quality may vary depending on
the number of days after laying and the storage
period.  For this reason, investigations have been
conducted for the development of a semen diluent
without egg yolk [25, 26].  Bovine serum albumin
(BSA) has been used as a substitute for egg yolk in
rainbow trout and turkey spermatozoa [27, 28], and
modified phosphate buffered saline (m-PBS) has
been used for whale spermatozoa cryopreservation
[29].  Trehalose, a disaccharide of glucose, has been
incorporated into semen diluents, and it has been
found that trehalose protects the spermatozoa of
various species during the freezing process and
improves post-thaw sperm motility in goats [22,
30], rams [31, 32], and bulls [33].  In our preliminary
field trial, CI of frozen-thawed spermatozoa with
trehalose-containing di luent  resulted in a
significantly (P<0.05) higher pregnancy rate than
by CI  without  t reha lose  (47 .9  and 19 .0%,
respectively [34]).  However, the additional effect of
trehalose to ram semen diluents has not been
compared with BSA-containing (egg yolk-free)
diluents.  Also, the appropriate concentration of
BSA for ram semen freezing diluents has not been
determined.

The present study was conducted to improve the
post-thaw motility and viability of frozen-thawed
ram spermatozoa through two experiments.  The
effects of different concentrations of bovine serum
albumin (0, 0.3, 1, 5, 10 and 15% BSA) in semen
diluents lacking egg yolk were evaluated in
Experiment 1, and the effects of four semen
diluents; fructose (F: control) and trehalose (T) in
semen diluents containing egg yolk, 15% BSA in
semen diluents without egg yolk (BSA), and m-PBS
were evaluated in Experiment 2.

Material and Methods

Reagents
All chemical reagents employed were of the

highest commercially available purity.  Tris-amino
methane (Tris) and tri-sodium citrate were
purchased from Merck (Darmstadt, Germany).
Glucose, fructose (F), and BSA were purchased
from Sigma (St. Louis, MO, USA).  Citric acid,
glycerol and trehalose were purchased from Wako
(Osaka, Japan).  Phosphate buffered saline (PBS:
Embryo-tech) was purchased from Nihon-Zenyaku
Kogyo (Tokyo, Japan).

Semen diluents
Before  conduct ing  the  present  s tu dy,  a

comparative study of the addition of fructose and
glucose to ram semen diluents was carried out.
Although there were no significant differences in
post-thaw motility between the fructose- and
glucose-containing diluents, fructose addition
showed better motility at the observation points (9
h) than glucose addition (unpublished data).  As
fructose is contained in the seminal plasma of many
animal species including sheep, we used fructose-
containing semen diluent in the present study.

In Experiment 1
Seven different semen diluents were used as

follows: (1) egg yolk with fructose [F: 297.58 mM
Tris, 96.32 mM citric acid, 82.66 mM fructose, 15 (v/
v) egg yolk, 5% (v/v) glycerol [35]; positive
control], (2) without egg yolk and BSA [0% BSA,
negative control: 297.58 mM Tris, 96.32 mM citric
acid, 82.66 mM fructose, 5% (v/v) glycerol], (3)
0.3% (w/v) BSA in the negative control (0.3% BSA),
(4) 1% (w/v) BSA in the negative control (1% BSA),
(5) 5% (w/v) BSA in the negative control (5% BSA),
(6) 10% (w/v) BSA in the negative control (10%
BSA), and (7) 15% (w/v) BSA in the negative
control (15% BSA).

In Experiment 2
Four different semen diluents were used as

follows: (1) F (the positive control diluent in
Experiment 1), (2) F + trehalose (T: 435 mM
trehalose), (3) F + 15% BSA (BSA) and 4) F + PBS
[m-PBS: 82.66 mM fructose, 9% (v/v) PBS, 5% (v/v)
glycerol].
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Semen collection
Semen was collected from six mature Suffolk

rams (2–5 years old).  Semen was collected using a
warmed artificial vagina, and the ejaculates were
immediately evaluated for volume, sperm motility,
pH, odor and color.  The samples were kept at 30 C,
and the sample volumes were divided into 7 and 4
portions for Experiments 1 and 2, respectively.

Semen preparation
All semen samples were diluted (semen:diluent=

1:4) with warmed diluents (30 C) in a water bath.
The diluted semen were gradually cooled to 4 C for
2–3 h.  After cooling, sperm motility was examined.
The samples were packed in 0.25 ml straw and
plugged with straw powder.  The straws were kept
at 4 C until freezing, which was carried out by
placing the samples in liquid nitrogen vapor (–125
to –130 C) for 3–4 min, and stored in liquid nitrogen
( – 1 9 6  C )  u n t i l  e x a m i n a t i o n .   F r o z e n  r a m
spermatozoa were thawed in a water bath at 37 C.

Examination of sperm characteristics 
After thawing, sperm samples were immediately

examined.  The samples were kept in an CO2

incubator at 37 C without further dilution were
examined after 3, 6 and 9 h, with the time of
thawing considered to be 0 hour (0 h).  The
proportions of spermatozoa with intact acrosomes
were examined at 0 and 9 h.

Sperm motility:  Sperm motility was determined
subjectively as the progressive motility (above ++)
of the post-thaw spermatozoa using a sperm motile
activity chamber at × 40 magnification (Nikon,
Tokyo, Japan).  Progressive motility was defined as
a sperm displaying vigorous forward motion.

Sperm viability:  Sperm viability was determined
by eosin-nigrosin staining [13, 34].  Two hundred
spermatozoa in 5 different fields were counted a
phase microscope at × 400 magnification (Nikon) to
determine the percentage of live spermatozoa (non-
eosinophilic) [13, 34].  Sperm viability (%) was
calculated using a formula: number of non-
eosinophilic spermatozoa/200 × 100.

Morphological abnormality:  The same staining
method was used as in the case of sperm viability.
Spermatozoa were examined for morphological
abnormality in their sperm heads and tails [13, 34].
The method of sperm counting and magnification
of the phase microscope were the same as for
examination of sperm viability.  Sperm abnormality

(%) was calculated using a formula: number of
abnormal spermatozoa / 200 × 100.

Hypo-osmotic swelling test (HOS test):  Before
the HOS-test, 200 spermatozoa were counted using
a light microscope at × 400 magnification in each
respective sample to avoid confusion with the
number of abnormal spermatozoa with coiled or
bent tails.  The number of pre-curled spermatozoa
before the HOS test was expressed as pseudo-
swollen spermatozoa (X).

The samples were mixed in HOS solution
(semen:solution=50 µl: 500 µl).  The HOS solution
consisted of 5 mM fructose and 2.55 mM sodium
citrate at 100 mOsm [6, 8, 11].  The mixed samples
were incubated at 35 C for 40 min.  Then, 200
spermatozoa were counted using the same method
as for X.  The number of swollen spermatozoa (Y)
was determined in each treatment, and the rate (%)
of true-swollen spermatozoa was calculated using a
formula: (Y-X)/200 × 100 [13, 15].

Intact acrosome:  The rate of spermatozoa with
an intact acrosome was determined by Giemsa
staining [13, 34].  Two hundred spermatozoa in 5
different fields were counted using a phase
microscope at × 400 magnification.  Intact acrosome
rates were calculated using the following formula:
number of spermatozoa with an intact acrosome/
200 × 100.

Statistical analysis
The sperm motility, viability, morphological

abnormality, sperm tail swelling (HOS-test), and
intact acrosome rates (mean ± SEM) were analyzed
by Duncan’s multiple range tests using the SAS
system (SAS 8; ASA Institute, Cary, NC, USA).  A
value of P < 0.05 was chosen as an indication of
significance.

Results

Experiment 1
Sperm progressive motility and viability: The

post-thaw sperm motility (Table 1) was highest in
the 15% BSA group (58.3 ± 6.7%) followed by the
10% BSA group (55.0 ± 2.9%).  These rates were
significantly (P<0.05) higher than in the positive
control (41.7 ± 4.4%).  At 9 h, the 1, 5, and 10% BSA
(4.3 ± 0.7, 5.0 ± 1.2 and 4.3 ± 0.7%, respectively)
groups were significantly (P<0.05) higher than in
the positive control (0.0 ± 0.0%).  The sperm
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viability rate (Table 2) of the negative control (0%
BSA: 80.2 ± 3.3%) was significantly (P<0.05) lower
than that of the positive control (F: 89.8 ± 1.5%);
however when compared with the F group, no
significant differences were found among the 0.3, 1,
5, 10 and 15% BSA groups at 0 h.

Sperm morphological abnormality:  The sperm
morphological abnormality rates (Table 3) at 0 h in
the 10 and 15% BSA groups (6.5 ± 1.3 and 6.3 ±
1.1%, respectively) were significantly (P<0.05)
lower than in the 1% BSA group (16.3 ± 5.2%).  At 3
h, the sperm morphological abnormality rate of the

Table 1. Progressive motility of ram spermatozoa frozen using different BSA concentrations in
the semen diluents (Experiment 1)

Semen diluent Time
 containing 0 h 3 h 6 h 9 h

Fructose1 41.7 ± 4.4a 36.7 ± 3.3 10.0 ± 2.9 0.0 ± 0.0a

0% BSA2 45.0 ± 0.0ab 36.7 ± 1.7 12.3 ± 2.7 2.3 ± 0.7ab

0.3% BSA 43.3 ± 4.4ab 35.0 ± 5.0 9.0 ± 3.1 2.7 ± 1.2ab

1% BSA 50.0 ± 2.9ab 40.0 ± 2.9 15.0 ± 2.9 4.3 ± 0.7b

5% BSA 50.0 ± 2.9ab 38.3 ± 3.3 15.0 ± 2.9 5.0 ± 1.2b

10% BSA 55.0 ± 2.9b 43.3 ± 3.3 18.3 ± 4.4 4.3 ± 0.7b

15% BSA 58.3 ± 6.7c 45.0 ± 5.0 18.3 ± 4.4 2.3 ± 1.3ab

1: Positive control.  2: Negative control.  Observations were at 0, 3, 6 and 9 h after thawing (0 h).
The values are shown as means ± SEM (%) of four replicates.  a, b, cDifferent superscripts within
the same time point are significantly different (P<0.05).

Table 2. Viability of ram spermatozoa frozen using different BSA concentrations in the semen
diluents (Experiment 1)

Semen diluent Time
 containing 0 h 3 h 6 h 9 h

Fructose1 89.8 ± 1.5a 85.5 ± 2.2 66.5 ± 3.7 41.0 ± 5.3
0% BSA2 80.2 ± 3.3b 78.9 ± 1.4 71.1 ± 2.1 46.7 ± 4.1 
0.3% BSA 83.3 ± 1.3ab 82.8 ± 4.7 67.7 ± 2.4 50.5 ± 3.0 
1% BSA 83.3 ± 3.7ab 83.5 ± 0.3 73.6 ± 3.3 42.7 ± 2.9
5% BSA 85.2 ± 3.4ab 82.9 ± 1.5 68.8 ± 5.3 51.5 ± 5.7
10% BSA 85.9 ± 1.5ab 83.3 ± 0.9 71.9 ± 1.6 45.5 ± 1.9
15% BSA 85.4 ± 3.6ab 83.1 ± 1.2 73.5 ± 3.1 41.1 ± 2.6 

1: Positive control.  2: Negative control.  Observations were at 0, 3, 6 and 9 h after thawing (0 h).
The values are shown as means ± SEM (%) of four replicates.  a, bDifferent superscripts within the
same time points are significantly different (P<0.05).

Table 3. Morphological abnormality of ram spermatozoa frozen using different BSA
concentrations in the semen diluents (Experiment 1)

Semen diluent Time
 containing 0 h 3 h 6 h 9 h

Fructose1 10.0 ± 2.7ab 10.1 ± 1.9ab 11.1 ± 2.1 16.8 ± 3.0a

0% BSA2 14.0 ± 2.9ab 15.1 ± 2.8ab 19.7 ± 1.3 27.4 ± 4.6b

0.3% BSA 13.9 ± 3.3ab 15.0 ± 3.5ab 15.6 ± 4.2 25.8 ± 2.1ab

1% BSA 16.3 ± 5.2a 18.3 ± 4.7a 20.1 ± 2.9 25.7 ± 1.3ab

5% BSA 9.0 ± 2.5ab 13.5 ± 3.3ab 15.1 ± 1.8 22.1 ± 1.4ab

10% BSA 6.5 ± 1.3b 10.4 ± 2.1ab 11.1 ± 2.4 18.6 ± 2.5ab

15% BSA 6.3 ± 1.1b 8.1 ± 0.8b 17.2 ± 5.6 20.9 ± 5.8ab

1: Positive control.  2: Negative control.  Observations were at 0, 3, 6 and 9 h after thawing (0 h).
The values are shown as means ± SEM (%) of four replicates.  a, bDifferent superscripts within the
same time points are significantly different (P<0.05).
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15% BSA group (8.1 ± 0.8%) was also significantly
(P<0.05) lower than in the 1% BSA group (18.3 ±
4 . 7 % ) .   A t  9  h ,  t h e  s p e r m  m o r p h o l o g i c a l
abnormality rate of the negative control (0% BSA:
27.4 ± 4.6%) was significantly (P<0.05) higher than
that of the positive control (16.8 ± 3.0%), but no
significant differences were found among the 0.3, 1,
5, 10 and 15% BSA groups.

Swelling of the sperm tail (HOS-test):  There were
no significant differences among the seven diluents
at 0 h (13.7 ± 2.6 to 26.1 ± 3.2%) and 3 h (8.9 ± 0.4 to
15.8 ± 2.1%).  At 6 and 9 h, the rates of swollen
sperm tails in the negative control (0 % BSA: 2.8 ±
1.1 and 2.8 ± 0.4%, respectively) were significantly
(P<0.05) lower than those of the 1% BSA group (9.9
± 2.4 and 7.3 ± 0.8%, respectively).

Intact acrosome:  The rates of spermatozoa with
an intact acrosome at 0 and 9 h (81.5 ± 3.4 and 73.8 ±
1.8 %, respectively) in the negative control (0%
BSA) were significantly (P<0.05) lower than those
of the 1% BSA (91.5 ±  1 .1 and 81.7 ±  2 .7%,
respectively), 5% BSA (89.3 ± 1.9 and 82.3 ± 2.7%,
respectively), 10% BSA (92.5 ± 0.5 and 84.2 ± 1.5%,
respectively), and 15% BSA (92.3 ± 1.9 and 81.7 ±
2.2%, respectively) groups.  However, there were
no significant differences in both the 0 and 9 h

observations between the positive control (91.3 ±
1.0 and 79.3 ±  3.3%, respectively) and BSA-
containing (0.3 to 15%) diluents.  Furthermore, the
rates of spermatozoa with an intact acrosome in the
positive control group and the 1, 10 and 15% BSA
groups were significantly (P<0.05) decreased after 9
h of incubation.

Experiment 2 
Sperm progressive motility and viability:  The

post-thaw sperm motility (Table 4) at 0 h in the T
group (50.0 ± 2.0%) was significantly (P<0.05)
higher than those of the control (F: 38.8 ± 4.3%) and
BSA (40.0 ± 2.0%) groups.  The post-thaw motility
in the m-PBS group (5.0 ± 0.0%) was significantly
(P<0.05) lower than those in the other three groups.
At 3 and 6 h, the post-thaw motility in the T group
(36.3 ± 2.4 and 25.0 ± 2.0%, respectively) was also
significantly (P<0.05) higher than those of the BSA
(26.3 ± 2.4 and 18.8 ± 1.3%, respectively) and F (28.8
± 3.8 and 18.8 ± 2.4%, respectively) groups.  At 9 h,
the post-thaw motility in the BSA group (13.8 ±
1.3%) was the highest and was significantly
(P<0.05) higher than those of the F, T, and m-PBS
groups (7.0 ±  1.8, 10.0 ±  3.5 and 0.0 ±  0.0%,
respectively).  Sperm viability (Table 5) of the BSA

Table 4. Progressive motility of ram spermatozoa frozen using different four different semen
diluents (Experiment 2)

Semen diluent Time
0 h 3 h 6 h 9 h

Fructose (control) 38.8 ± 4.3a 28.8 ± 3.8ab 18.8 ± 2.4a 7.0 ± 1.8a

Trehalose 50.0 ± 2.0b 36.3 ± 2.4a 25.0 ± 2.0b 10.0 ± 3.5a

BSA 40.0 ± 2.0a 26.3 ± 2.4b 18.8 ± 1.3a 13.8 ± 1.3b

m-PBS 5.0 ± 0.0c 1.0 ± 0.4c 0.0 ± 0.0c 0.0 ± 0.0c

Observations were at 0, 3, 6 and 9 h after (0 h). The values are shown as means ± SEM (%) of four
replicates. a, b, cDifferent superscripts within the same time points are significantly different
(P<0.05).

Table 5. Viability of ram spermatozoa frozen using different four different semen diluents
(Experiment 2)

Semen diluent Time
0 h 3 h 6 h 9 h

Fructose (control) 61.9 ± 6.4ab 43.6 ± 3.3a 31.1 ± 0.2a 26.1 ± 1.5a

Trehalose 64.7 ± 5.5ab 47.6 ± 1.4a 36.9 ± 1.1b 27.2 ± 3.4a

BSA 66.6 ± 5.2a 43.6 ± 2.1a 29.5 ± 3.1a 29.2 ± 1.6a

m-PBS 49.2 ± 3.6b 18.1 ± 3.7b 11.2 ± 0.9c 6.0 ± 1.0b

Observations were at 0, 3, 6 and 9 h after (0 h).  The values are shown as means ± SEM (%) of four
replicates.  a, bDifferent superscripts within the same time points are significantly different (P<
0.05).



MATSUOKA et al.680

(66.6 ± 5.2%), F (61.9 ± 6.4%), and T (64.7 ± 5.5%)
groups were not significantly different.  The m-PBS
group had significantly (P<0.05) lower viability
than the other three diluents at the observation
points.

Sperm morphological abnormality:  There was
no significant difference in sperm morphological
abnormality (Table 6) among the control (F), T, and
BSA groups at the observation points.  At 0 and 9 h,
the m-PBS group (18.3 ± 2.2 and 26.7 ± 1.8%,
respectively) had a significantly (P<0.05) higher
number of abnormalities than the BSA group (14.0
± 1.2 and 19.6 ± 1.3%, respectively).

Swelling of the sperm tail (HOS-test):  The rates
of sperm tail swelling at 0 and 3 h in the T group
(17.3 ± 2.8 and 11.6 ± 2.5%, respectively) were
significantly (P<0.05) higher than those in the BSA
(7.5 ± 1.9 and 3.5 ± 0.9%, respectively) and m-PBS
(4.1 ± 1.1 and 1.5 ± 0.6%, respectively) groups.
There was no significant difference among the four
diluents at the 6 and 9 h observations.

Sperm acrosome integrity:  At 0 h, the m-PBS
group (92.1 ± 1.8%) had a significantly (P<0.05)
lower rate of spermatozoa with an intact acrosome
than that of the control (F) group (94.0 ± 1.8%).
However, there were no significant differences
among the T (93.4 ± 2.1%), BSA (92.8 ± 3.3%) and m-
PBS groups.  All rates of spermatozoa with an intact
acrosome at 9 h (F: 90.0 ± 10.2%; T: 87.4 ± 10.7%;
BSA: 88.9 ±  3.8%; m-PBS: 87.3 ±  8.2%) were
significantly (P<0.05) lower than those observed at
0 h, but there were no significant differences among
the four diluents at 9 h.

Discussion

The aim of the present study was to improve the

post-thaw motility and viability of frozen-thawed
ram spermatozoa.   Many researchers have
attempted to improve semen diluents to reduce the
damage resulting from freezing and thawing
processes [2, 30–32, 36, 37].  Egg yolk is generally
accepted to be an effective agent in semen diluents
for protection of spermatozoa against cold shock
and the lipid-phase transition effect.  However, it is
difficult to produce semen diluents of uniform
quality, because of individual quality differences
inherent in egg yolk.  Therefore, it seems that
removal of chicken egg yolk from semen diluents
produces several advantages, such as improved
consistency in the components of semen diluents
and elimination of various pathogens.  For these
reasons, it is necessary to develop a synthetic
semen diluent that does not contain egg yolk [25,
26].  BSA is one of the proteins available for
replacement of egg yolk [27, 28].

I n  t h e  p re se n t  s t u d y ,  d i f f e re n t  B S A
concentrations (0–15%) were first compared in
Experiment 1.  The rates of post-thaw sperm
progressive motility were significantly (P<0.05)
higher in the 10 and 15% BSA groups than in the
positive control diluent group (Tris-fructose-egg
yolk).  Furthermore, the sperm morphological
abnormality rates in the 10 and 15% BSA groups
were significantly (P<0.05) lower than in the 1%
BSA group.  Although the sperm viability rates in
the 10 and 15% BSA were not significantly different
compared with the positive control (F) diluent
containing egg yolk, the viability of post-thaw
spermatozoa without BSA (negative control) was
significantly reduced and the rates of swollen
sperm tails and intact acrosomes were lower.  These
results indicate that diluents containing less than
1 %  BS A  i m p a i r e d  t h e  p o s t - t h a w  sp e rm
characteristics and that 10 or 15% BSA can result in

Table 6. Morphological abnormality of ram spermatozoa frozen using different four different
semen diluents (Experiment 2)

Semen diluent Time
0 h 3 h 6 h 9 h

Fructose (control) 12.5 ± 0.5a 13.9 ± 0.9a 14.3 ± 0.7a 18.1 ± 1.1a

Trehalose 13.3 ± 0.9a 13.6 ± 1.5a 14.8 ± 1.8a 16.6 ± 1.0a

BSA 14.0 ± 1.2a 16.7 ± 1.5ab 17.7 ± 1.3ab 19.6 ± 1.3a

m-PBS 18.3 ± 2.2b 19.6 ± 2.3b 21.8 ± 2.2b 26.7 ± 1.8b

Observations were at 0, 3, 6 and 9 h after thawing (0 h).  The values are shown as means ± SEM
(%) of four replicates.  a, bDifferent superscripts within the same time points are significantly dif-
ferent (P<0.05).
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post-thaw sperm characteristics that are similar to
fructose-egg yolk diluent.  Diluent without BSA
may not protect spermatozoa from the damage
c a u s e d  d u r i n g  t h e  f re e z i n g  a n d  t h a w i n g
procedures.  Freezing damage could be reduced by
glycerol in combination with egg yolk or 10 to 15%
BSA.  Although no detailed information on the BSA
concentration in defined semen diluents is
available for any other animal species, which
would allow for direct comparison with the results
in Experiment 1, it appears that the appropriate
BSA concentration for ram semen diluent is 10 to
15%.

In Experiment 2, the additional effects of
trehalose to the control diluent (Tris-fructose-egg
yolk) and BSA and modified phosphate buffered
saline (m-PBS) in the presence of fructose and
without egg-yolk were compared.  The BSA
concentration (15%) was determined in Experiment
1.  We found that the trehalose-containing diluent
significantly improved the post-thaw motility and
swollen sperm rates as compared with the control
diluent without T and the 15% BSA and m-PBS
diluents without egg-yolk.  The present results are
in agreement with previous reports in goats [22,
30], rams [31, 32], and bulls [33].  It has been
reported in  rams that  sperm moti l i ty  and
membrane protection have been improved by the
addition of trehalose into semen diluents [31, 32].
Goat and bull sperm membranes are also protected
by adding trehalose into semen diluents [22, 30, 33].
Recently, Aisen et al. [37] reported that trehalose in
Tris-based diluent containing egg yolk provided
not only cryoprotection of ram sperm acrosomal
membranes, but also anti-oxident action.  In the
present study, the trehalose-containing diluent
resulted in significantly higher post-thaw sperm
motility and sperm tail swelling at the 0 to 3 h
observations than the BSA-containing diluent.  As
reported in other studies [31, 32, 37], trehalose
could protect ram sperm membranes and improve
post-thaw sperm motility.  In Experiment 2,
trehalose was not combined with BSA.  There is a

possibility that freezing damage can be reduced by
adding trehalose to BSA-containing diluent.  In a
field study using 60 ewes, CI of frozen-thawed
spermatozoa with trehalose-containing diluent
resulted in a significantly (P< 0.05) higher
pregnancy rate than CI without trehalose (47.9 and
19.0%, respectively) and a non-significant lambing
rate (33.3 and 53.0%, respectively) as compared to
that obtained by intrauterine AI using laparoscopy
[34].  Fertility following AI with frozen-thawed
semen using BSA-containing diluents with or
without trehalose should be studied in the future.
F u r t her  r es ea rc h  i s  ne eded  t o  de f i n e  t h e
composition of semen diluent, especially for
development of a completely synthetic diluent
without egg yolk and BSA as an animal source [25,
26].

Commercially available PBS has been used as an
oviduct  washing solution and for  embryo
preservation.  If PBS can be used as a semen
diluent, it would simplify preparation because of
its commercial availability and because the
components have been completely defined.  It has
been reported that the motility of Antarctic minke
whale spermatozoa diluted with PBS could be
maintained at 4 C for 2–3 weeks in addition to Tris-
based diluent containing egg yolk and that PBS
could be used as a freezing diluent for Antarctic
minke whale spermatozoa [29].  However, all
parameters analyzed in Experiment 2 (sperm
motility, viability, morphological abnormality,
swelling rate of sperm-tails and acrosome integrity)
were significantly lower in the m-PBS (addition of
fructose) group than in the other groups.  These
results indicate that the present m-PBS cannot fully
protect spermatozoa from freezing stress and that it
is not suitable for ram semen diluent.

In conclusion, the present results showed that 10
or 15% BSA could be substituted in place of egg
yolk as a semi-defined semen diluent and that the
addition of trehalose to a ram semen diluent
containing fructose improves sperm motility and
viability after freezing and thawing.
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