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Januskauskas, A., L. Soderquist, M. G. Hiird, M. Ch. Hiird, N. Lundeheim and
H. Rodriquez-Martinez: Influence of sperm number per straw on the post-thaw
sperm viability and fertility of Swedish red and white bulls. Acta vet. scand. 1996,
37,461-470. — Semen from 5 Swedish Red and White bulls, approved in the fertility and
progeny testing programme of a bull center, was split-frozen to produce straws with 15
or 10x10% spermatoza each (control and treatment dose, respectively). Post-thaw sperm
viability was evaluated by visual assessment of sperm motility (MOT), measurement of
ATP (Ademosin Tr1 Phosphate) contents by lumimometry, assessment of membrane in-
tegrity with combined fluorophore probes [Calcein AM (CAM)/Ethidium homodimer
(EthD-1)] and by using a hyposmotic swelling test (ORT) The straws were used for a
total of 16 651 artificial inseminations (A.I ). No statistically significant difference was
recorded between the 2 treatments for any of the post-thaw sperm viability parameters.
In addition, a significant bull effect was evident for most post-thaw sperm traits assayed.
Significant variation 1n overall fertility (56-days NRR) was recorded among the bulls
used. A.L with a reduced number of spermatozoa (10x10%/straw) resulted 1 a 2%-units
decrease (n.s.) compared with controls (67.8% =+ 4.8%, means + SD) 1n overall fertility.
In the control sphit-sample (15x10¢ spermatozoa/straw), MOT did not show any statis-
tically significant correlation with fertility (r = 0.41, p = 0.07). However, MOT was cor-
related with the percentage of spermatozoa depicting progressive motility (category A,
r = 0.45, p<0.05) as assessed with CAM/EthD-1. The latter was correlated with ATP
contents (r = 0.57, p<0.01), expressed as the percentage of viable spermatozoa. Both
CAM/EthD-1 and ATP contents showed a statistically sigmificant correlation with ORT
(r = 0.45, p<0.05 and r = 0.61, p<0 05, respectively). In the straws with the reduced
sperm number (10x10¢ spermatozoa), post-thaw motility was sigmficantly correlated
with fertillity (r = 0.50, p<0.05) and ATP-total contents (r = 0.48, p<0.05).
CAM/EthD-1 and ATP contents (as mllion viable spermatozoa) were significantly cor-
related (r = 0.47, p<0.05). CAM/EthD-1 was significantly correlated with ORT
(r = 0.48, p<0.05). In conclusion, the results indicated that the freezing-thawing of
straws with a reduced sperm concentration (10x10° spermatozoa) did not alter the post-
thaw viability or overall fertility of the bull semen used. However, 1n view of the sigmf-
1cant bull effect found in the limited population studied, we recommend that such a re-
duction in sperm number/straw be based on the fertility of the bull in question.

motility; ATP; membrane integrity; hypo-osmosis.
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Introduction

The optimum number of spermatozoa required
to achieve maximum fertilization for the individ-
ual bull has yet to be established. Differences
between bulls and variation in sperm survival in
the female genital tract can be masked by using
a high number of spermatozoa (Shannon & Vish-
wanath 1995). Based on their studies, Uwland
(1984) and Hddrd & Hddrd (1984) proposed that
15 million spermatozoa per straw be used to ob-
tain optimum fertility rates. This sperm number
is nowadays routinely used for artificial insemi-
nation (A.L.) in Sweden. By further lowering the
sperm number per straw, without a reduction in
fertility, the A.I. industry could reduce produc-
tion costs and wastage by increasing the dose
production per bull. Such a reduction in sperm
number/straw would require an improvement in
our ability to accurately assess the post-thaw
number of viable spermatozoa.

Different methods have been developed for
evaluating semen quality and predicting fertil-
ity in an accurate and objective way (dmann
1989). Visual assessment of sperm motility
under phase contrast microscopy is the most
commonly used method, despite being a rather
poor indicator of the fertilizing capacity of a
given semen sample (4dmann 1989). Reports on
the assessment of ATP contents and production
rates as indicators of sperm viability and pre-
dictors of the fertilizing capacity are contradic-
tory (Foulkes & Mac Donald 1979, Chan &
Wang 1987, Comhaire et al. 1987, Soderquist et
al. 1991). Various attempts have also been
made to evaluate the integrity of the membrane
of the spermatozoa. This work has revealed, for
example, that supravital fluorescent markers
seem useful in detecting membrane damage
following cryopreservation procedures (Woel-
der 1991). Various fluorophore combinations
have been successfully used for microscopic as-
sessment of mammalian sperm samples, among
those carboxifluorescein diacetate (C-FDA)
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and propidium iodide (PI, Harrison & Vickers
1990, Ortman & Rodriguez-Martinez 1994),
SYBR-14/P1 (Garner & Johnson 1995) and
Calcein acetylmethyl ester (CAM) and ethid-
ium homodimer (EthD-1) (4lthouse & Hopkins
1995, Januskauskas & Rodriguez-Martinez
1995). The functionality of the sperm mem-
brane under hypo-osmosis has also been used to
evaluate human (Rogers & Parker 1991), ca-
nine (England & Plummer 1993) and bovine
(Revell & Mrode 1994) semen.

The objective of the present investigation was
to study the post-thaw sperm viability and fer-
tility of bull spermatozoa used for A.L, when
reducing the concentration from 15 to 10 mil-
lion spermatozoa/straw in a split-sample trial.
Sperm viability was measured by visual assess-
ment of sperm motility, measurement of ATP
contents by luminometry (SVT® system), eval-
uation of membrane integrity with combined
fluorophore probes (CAM/EthD-1) and by us-
ing a hypo-osmotic swelling test (ORT).

Materials and methods

Animals

Deep-frozen semen from 5 Swedish Red and
White bulls (aged between 6 and 6.5 years) was
evaluated in this study. The bulls had a history
of normal breeding performance and were used
routinely at the bull station (Svensk Avel,
Skara) for commercial A.L after having been
approved in the fertility and progeny testing
programme. They did not present clinical ab-
normalities; their libido was normal, and their
fresh semen spermiogrammes were within ac-
ceptable physiological limits, i.e. more than
85% morphologically normal spermatozoa, at
least 70% motile and a total sperm number
above 3x10°.

Semen collection and processing
Two consecutive ejaculates were collected with
only a few minutes rest in between. The con-
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centration of each ejaculate was determined
with a photometer. After subjective motility
evaluation, the ejaculates were pooled and di-
luted with a commercial extender (Triladyl®,
Minitiib, Germany) to a concentration of
138x10¢ spermatozoa/ml. The diluted semen
was cooled to ambient temperature during 20
min in a room-tempered water bath. The semen
was then divided into 2 parts that contained %
and % of the total volume. One part was ex-
tended with Triladyl® to a final concentration of
45%10° spermatozoa/ml, and the other part was
extended to a final concentration of 69x10°
spermatozoa/ml. This final dilution was made
in one step at ambient temperature. The semen
was filled in 0.25-ml plastic straws, resulting in
AL doses containing a total of 15x10° and
10x10°¢ spermatozoa, respectively. The straws
were put on racks and transferred to a cold cab-
inet (4°C) for a 4 h long equilibration. The se-
men was frozen in liquid nitrogen (LN,) vapour
in a programmable freezer (Digitcool 5300,
IMYV, France). The 2 concentrations of the orig-
inal split sample, were identified with individ-
ual, consecutive batch numbers and regarded as
a pair. The frozen straws were stored in LN, un-
til thawing, which was carried out by immers-
ing them in water at 35°C for 12 sec. Post-thaw
motility (MOT) was determined subjectively at
the bull station, in the semen from 2 straws/-
batch, under a microscope equipped with
phase-contrast optics and a warming stage
(38°C). Only semen with a minimum of 50%
MOT was approved for A.I. Sperm concentra-
tion was calculated in a hemocytometer (Biirker
chamber, Bane 1952).

Assessment of ATP content

The ATP content was measured in the semen
from 2 pooled straws/batch, using a biolumi-
nescence technique with the FireZyme Sperm
Viability Test® (SVT® (FireZyme Diagnostics
Inc., Halifax, Nova Scotia, Canada, Januskaus-

kas & Rodriguez-Martinez 1995). By this
method, 2 aliquots from a semen sample were
tested: one is used to determine the total
amount of ATP (Total) and the second was used
to determine the amount of free ATP outside
competent cells in the seminal fluid (Blank).
Reagent (Luciferin-luciferase solution, buffers)
preparation, internal calibration and testing
procedures were performed as indicated by the
manufacturers. The reading from the luminom-
eter was used to determine the samples ATP
content (Total and Blank ATP, in ug/ml) based
on a computer-generated standard curve. The
number of viable spermatozoa (in millions/ml)
were also calculated by the instrument accord-
ing to the following formula:

Million viable spermatozoa/ml =

ATP Total — ATP Blank
0.15 (ug ATP per mullion viable spermatozoa)*

The number of viable spermatozoa were manu-
ally re-calculated to give the percentage of vi-
able spermatozoa based on the hemocytometric
estimation of sperm concentration.

Assessment of sperm membrane integrity
Sperm membrane integrity was assessed, in the
semen from the same straws/batch, using 2
techniques:

The first method has previously been described
by Januskauskas & Rodriguez-Martinez
(1995). In brief, 20 u! of frozen/thawed semen
was incubated in 20 ul of staining medium con-
taining Ethidium homodimer (EthD-1) and
Calcein AM (CAM, Molecular Probes Inc.,
Oregon USA) in 1 ml of Phosphate Buffer So-
lution (PBS) for 15-30 min at 35°C. Subsam-
ples (5 ul) of the stained suspension were

* according to the setting of the SVT®-instrument.
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placed on clean microscope slides and overlaid
carefully with coverslips. Random fields were
observed with epifluorescence UV-illumination
(Diaplan Leitz microscope, equipped with a
warm stage (37°C, 400x). For quantification of
sperm membrane integrity, 100 cells were
counted in each of two 5 ul aliquots from a
stained sample. The counted sperm cells were
classified as A) having an intact plasmalemma
when stained green with CAM and remained
unstained with EthD-1 (they were further sub-
divided into categories A, (motile) and A, (im-
motile); B) having a damaged plasmalemma,
but an intact acrosome that stained green with
CAM and a post-acrosomal region that stained
red with EthD-1; and C) having both a damaged
plasmalemma and a damaged acrosomal mem-
brane, with the cells remaining unstained with
CAM but staining red with EthD-1.

The second method was a slight modification of
the osmotic resistance test (ORT) described by
Revell & Mrode, (1994). Semen (10 1) was in-
cubated in darkness for 30 min in 1 ml of a 100
mOsm kg~! hypo-osmotic test solution at 35°C,
subsequently adding 20 ul of staining solution,
containing 4 ul of EthD-1 and 10 ul of CAM in
1 ml of Phosphate Buffer Solution (PBS), and
prolonging the incubation time by additional 15
min. Two counts of 100 spermatozoa each were
made from each preparation and estimated us-
ing the same microscopic equipment as cited
above. Spermatozoa were divided into 3
groups. The first group consisted of spermato-
zoa having intact membranes and fluorescing
green throughout their length. They were swol-
len and some of them depicted residual activity
[A]. The second group [B] of spermatozoa had
damaged plasma membrane. They were un-
swollen and stained red at the post-acrosomal
and tail regions, whereas the acrosomal region
was intact and therefore stained green. The last
category of spermatozoa comprised those
whose acrosome and plasma membranes were
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both compromised and therefore stained red
and were unswollen [C].

Distribution of fertility measures

To avoid confounding fertility results, the A.I.-
doses were mixed and randomly distributed
among as many A.l.-technicians as possible to
obtain a widespread distribution among herds.
From 2 to 5 pairs of batches from each bull
were used for inseminations. The percentage
reported as not having returned to service
within 56 days was used as a measure of fertil-
ity of individual batches. Non-return rates
(NRR) from the normal A.IL routine were ob-
tained from 42 individual batches used for a to-
tal of 16651 inseminations (8410 for 15 million
sperm and 8241 for 10 million sperm/doses).
The average number of AL per batch in each
pair was 396.5. The straws were distributed si-
multaneously, so that the 2 corresponding
batches were used randomly and at the same
subcenters, thus enabling a direct comparison
of the results. The A.L-technicians were una-
ware of the trial.

Statistical analysis

Altogether, the data consisted of 42 observa-
tions (= batches). The data were subjected to
analysis of variance using the GLM procedure
(SAS Institute Inc., 1994). The statistical model
included the effects of bull (5), concentration
(2) and the bull * concentration interaction.
Correlation analysis (Spearman correlation co-
efficients) was used to assess the relationship
between semen characteristics within concen-
tration and the relationships between these
characteristics and fertility (56 days NRR).
Levels of significance in the tables are in-
dicated as follows: p<0.05 = *; p<0.01 = **;
p<0.001 = ***_ Differences were considered
significant when the probability value for
equality between 2 least-squares means was
less than 5%.
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Results

Post-thaw motility in the straws with 15x106
spermatozoa (control concentration) did not
show a statistically significant correlation with
fertility (r = 0.41, p = 0.07). Post-thaw motility
was not significantly correlated with ATP con-
tents (total; r = 0.30, p>0.05) but it was signifi-
cantly correlated with the percentage of sper-
matozoa depicting progressive  motility
(category A, r = 0.45, p<0.05) when assessed
with the combined fluorescent dyes
CAM/EthD-1. The incidence of spermatozoa
with intact plasmalemma and motile (A,) was
correlated with ATP contents, expressed as the
percentage of viable spermatozoa (r = 0.57,
p<0.01). Furthermore, both CAM/EthD-1 and
ATP contents showed a statistically significant
correlation with ORT (r = 0.45, p<0.05 and
r=10.61, p<0.05, respectively).

When correlation analyses were run with data
from the A.I with the lower sperm number
(10x10% spermatozoa/straw), post-thaw motil-
ity was significantly correlated with the 56-day
NRR (r = 0.50, p<0.05) and with ATP contents
(total; r = 0.48, p<0.05). CAM/EthD-1 and ATP
contents (as million viable spermatozoa) were
significantly correlated (r = 0.47, p<0.05).
CAM/EthD-1 was significantly correlated with
ORT (r = 0.48, p<0.05). No significant differ-
ence was recorded for post-thaw sperm viabil-
1ty parameters between the 2 A.L dose levels
used (Table 1). A significant bull effect was ev-
ident for most post-thaw sperm traits assayed
(p<0.05-0.001, Table 3).

The average overall 56 days-NRR for the bulls
used was 66.6 £ 5.5 % (means £ SD). The over-
all difference in NRR between the split-sample
batches assayed was 2 %-units (not significant,
Table 1), with significant (p<0.01) variation
among bulls (Table 3). However, the interaction
between bull and concentration had no signifi-
cant effect (Table 3). Three out of the 5 bulls
had a lower (n.s.) NRR after A.I. with 10 mil-

lion spermatozoa/straw, while the other 2 bulls
maintained their fertility at the same level as the
control A.I-dose (15 million spermatozoa/-
straw, Table 2). One particular animal (bull C)
appeared to be the major reason for the varia-
tion between bulls; his NRR was significantly
lower than those of the other 4 bulls (p<0.01,
obtained from difference in LS-mean for bull *
concentration) for both concentrations assayed
(Table 2).

Discussion

It has been established that bull fertility de-
pends on the interactions between both qualita-
tive and quantitative parameters of spermato-
zoa (Pace 1980). The dose-effect relationship
for fertile bulls is marked by a limiting factor:
beneath a certain threshold level of sperm con-
centration, which varies between individuals,
the probability of fertilization drops abruptly
(Schwartz et al. 1981). We found that a reduc-
tion of the sperm number/straw from 15x106 to
10x10% spermatozoa resulted in an overall de-
cline in a non-significant non-return rate by 2
percentage units. Individual differences be-
tween bulls became more apparent following a
reduction of the total sperm number per insem-
ination dose. The number of bulls studied here,
however, was too small to allow us to conclude
whether a significant relationship exists be-
tween the fertility of a given bull at 15x10°
spermatozoa/straw and its ability to maintain
high A.I-fertility following a decrease in sperm
concentration.

The assessment of sperm viability after freez-
ing/thawing made in the present study showed
that the dilution level used did not markedly re-
duce motility, membrane mtegrity or ATP-con-
tents. Assessment of the post-thaw percent of
motile spermatozoa is the most commonly used
method for evaluating semen. Significant corre-
lations have been found between motility and
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Table 1. Post-thaw sperm viability and fertility for the split concentrations (means + S.D.).

Viability and Sperm concentration/straw

fertility 15 million (n = 21) 10 nullion (n = 21)
Motility (%) 543+ 3.8 536+ 3.7
ATP (%)! 60.8+11.5 649+ 11.2
Membrane integnty (%)? A 629 +12.1 64.1+ 87
Membrane integrity (%) A, 51.0+123 523+ 93
Membrane integrity (%)* ORT 47.4+19.0 40.8 +13.7
Fertility (%) (56-day NRR)S 67.8+ 48 65.5+ 6.0

1) Percentage of viable spermatozoa recalculated from the number of viable spermatozoa per ml given by the
SVT® instrument.
2) Percentage of both motile and immotile spermatozoa with intact plasmalemma, assessed by Calcemne

AM/EtgD-1.

3) Percentage af motile spermatozoa with intact plasmalemma, assessed by Calceine AM/EthD-1.
4) Percentage of spermatozoa with intact plasmalemma, assessed by the modified ORT method.
5) The number of mseminations accounted 8 410 and 8 241 using 15 million respective 10 million spermatozoa

per straw.

Table 2. Individual bull fertility (56 days NRR) and the difference in % for the sperm concentrations (split

sample, means = S.D.).

Sperm concentrations (x10°) Bull A Bull B BullC BullD BullE
15 67.7+3.2 67.6+£23 61.7+6.7a 68.6+53 71.5+£2.6
10 68.3+7.0 68.6+3.0 57.0+4.4b 65257 68.0+3.2
Difference in % +0.6 +1.0 -4.7 -34 -35

a-b) Difference between bull C and the other bulls within concentration (a = p<0.05-0.01, b = p<0.01).

non-return rates in some studies (Lindford et al.
1976, Kjeestad et al. 1993, Mickelsen & Memon
1993) but not in others (Graham et al. 1980,
Sdderquist et al. 1991). In the present study, a
statistically significant correlation was found
(r = 0.50), but only for the concentration of
10x10° spermatozoa/straw.

Viable cells are the only ones able to maintain a
balance between ATP production and consump-
tion. Furthermore, a significant correlation
between post-thaw motility and ATP contents
has been shown (Foulkes & Mac Donald 1979,
Soderquist et al. 1991, Januskauskas & Rodri-
guez-Martinez 1995). A similar relationship
was also found in the present study, but it was
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only statistically significant for the semen batch
with the reduced sperm number (10 million
spermatozoa/straw).

Only viable spermatozoa are able to normally
interact with the oocyte and pursue fertiliza-
tion. Thus, it could be expected that the amount
of ATP/spermatozoa would be correlated with
fertility. However, this relationship between
ATP content and fertility has yet to be estab-
lished. The lack of any correlation between se-
men ATP content and in vitro fertilization has
been reported for human oocytes (Chan et al.
1990). A significant positive correlation
between ATP content and fertility for bull se-
men was obtained by Wood et al. (1986),
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Table 3. Levels of significance for the effects included in the statistical model on some of the analysed traits for

frozen-thawed semen.

Membrane integrity

VT® CalceineAM/Ethidium

Source Degrees 56-day Motility ATP content (8 ) homodimer ORT
0,

o oy NRR % “fol Blak  Million
vanation edom pg/ml  pg/mi viable Al A2 B C A B C

spermotozoa

/ml

Bull 4 *% * *% *k *% ns dkokk  dkkk kokk * %k ns %k
Sperm
concentration 1 ns ns *rk ** Fokk ns ns ns NS ns ns ns
Interaction
:z:lween bull 4 ns ns ns ns ns ns ns NS NS NS NS ns
concentration
*: p<0.05. **:p<0.01. ***:p<0.001. ns=not significant.

whereas Soderquist et al. (1991) demonstrated
anegative relationship between ATP concentra-
tion and fertility. In the present study, the corre-
lation between ATP contents and fertility was
positive, however, not statistically significant
for either the 10 or 15 million spermatozoa/-
straw, probably because the number of observa-
tions assayed was limited. In fact, when the re-
sults from both dosages were pooled, thereby
doubling the number of observations, the corre-
lation with fertility was statistically significant.
The cell membrane plays a crucial role in the
survival of the spermatozoa throughout the pro-
cedures involved in semen cryopreservation.
Spermatozoa with damaged cell membranes
cannot attain ion and co-factor concentrations
essential for flagellar movement (De Leeuw et
al. 1991). Therefore it can be speculated that
post-thaw motility, ATP content and membrane
integrity assessed with different techniques
ought to be correlated with each other. Indeed,
we observed that ATP content (expressed as
percentage of viable spermatozoa) was signifi-
cantly correlated with the frequency of sper-

matozoa having intact membranes (A) and de-
picting motility (A,) as monitored with
CAM/EthD-1, independently of the sperm con-
centration. There was good agreement between
the percentage of viable spermatozoa assessed
by SVT® and corresponding values obtained
using the supravital staining technique and
through the subjective estimation of motility.

The lack of any statistically significant correla-
tions between the values obtained using meth-
ods for assessing membrane integrity
(CAM/EthD-1 and ORT) and those obtained
using methods for assessing fertility seems to
have been caused by the variation between
bulls, which was observed for both sperm con-
centrations used. Another contributing factor
could have been that the range of values ob-
tained with the ORT tends to be large, as was
the case in our study (11-84%) and in the study
by Revell & Mrode (1994; 11-78%). Many
studies have been attempted to find such a rela-
tionship between the hypo-osmotic swelling
test and fertility, with contradictory results
(Check et al. 1988, Rogers & Parker 1991, Rev-
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ell & Mrode 1994). The value of the assessment
with supravital fluorescent dyes in predicting
the fertility outcome needs to be further stud-
ied.

In conclusion, a reduction of the sperm num-
ber/straw from 15 million to 10 million sper-
matozoa did not have a statistically significant
influence on the post-thaw sperm viability pa-
rameters assayed or on fertility results (56-day
NRR). However, the influence of sperm num-
ber/straw seems to vary depending on the
sperm characteristics and fertility level of bulls
used.
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Sammanfattning
Paverkan av spermieantalet per strdn pd uptimings
viabilitet och fertilitet hos SRB-senun tjurar

Sperma fran 5 avkommebedomda semintjurar (SRB)
frystes med sk sphit sample teknik s att strin inne-
héllande totalt 15 (kontroll) respektive 10 miljoner
erholls Spermiernas livsduglighet undersoktes efter

frysning/upptining genom bedomning av. spermier-
nas motilitet (MOT), ATP innehall (med hyélp av en
luminometer), membran 1ntegritet (med hyélp av en
kombination av fluorescerande markorer [Calcein
AM (CAM)/Ethidium homodimer (EthD-1] och ge-
nom anvéndandet av ett sk. hypoosmotiskt swelling-
test (ORT). Stréna anvéndes till totalt 16 651 insemi-
nationer Ingen statistiskt signifikant skillnad, vad
giller de undersokta parametrarna efter upptining,
kunde noteras mellan de 2 olika spermiekoncentra-
tionerna Vidare sdgs en signifikant tjureffekt for de
flesta undersokta spermieegenskaper En signifikant
variation 1 fertiliteten (56 dagars NR) kunde ses
bland de anvinda tjurarna Insemination med ett re-
ducerat antal spermier per strd (10 miljoner) resulte-
rade 1 en sankmng av fertiliteten med 2%-enheter
(inte signifikant) jamfort med kontrollen (67,8% =+
4,8%, medelvirde = SD) Fertilitetsresultatet efter in-
semmation med strdn 1nnehéllande 15 miljoner
spermier uppvisade inget statisiskt signifikant sam-
band med fertiliteten (r = 0,41, p = 0,07). Emellertid
sdgs ett samband mellan MOT och den procentuella
andelen spermier som uppvisade en progressiv moti-
litet (kategon A, r = 0,45, p<0,05) vid bedémning
med hjdlp av CAM/EthD-1. Den senare var vidare
korrelerad med ATP innehéliet (r = 0,57, p<0,01)
uttryckt som procent viabla spermier. Béde
CAM/EthD-1 och ATP innehéllet uppvisade ett statis-
tiskt signifikant samband med ORT (r = 0,45, p<0,05
repektive r =0,61, p<0,05). Strdn med reducerat antal
spermier (10 miljoner) uppvisade ett signifikant sam-
band med fertiliteten (r = 0,50, p<0,05) och ATP-1n-
nehéllet (r = 0,48, p<0,05). Vidare var CAM/EthD-1
och ATP-innhéllet (uttryckt som miljoner viabla
spermier) signifikant korrelerade (r = 0,47, p<0,05).
CAM/EthD-1 uppvisade ocksd ett samband med
ORT (r = 0,48, p<0,05). Sammanfattningsvis tyder
reultaten pa att frysning/upptining av strdn med en
reducerad spermiekoncentration (10 miljoner sper-
muer) mnte verkar spermiernas livsduglighet eller
fertiliteten hos den anvénda tjursperman.
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