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Biology of Reproduction Group, National Wildlife Research Institute (IREC), CSIC-UCLM-JCCM, 02071 Albacete, Spain

 r  t  i c  l  e  i n  f  o

rticle history:
eceived 25 January 2012
eceived in revised form 4 April 2012
ccepted 11 April 2012
vailable online xxx

eywords:
lanca-Celtibérica buck
rtificial vagina
lectroejaculation
ryopreservation
reezing extender
reeding season

a  b  s  t  r  a  c  t

The  aim  of  this  study  was  to evaluate  the effect  of  semen  collection  method  (artificial  vagina
compared  to electroejaculation),  season  in  which  the  semen  was  collected  (breeding  sea-
son  compared  to  non-breeding  season),  freezing  extender  (Biladyl®, Andromed® and  skim
milk based  extender)  and  pre-treatment  procedure  (washing  compared  to non-washing)
on post-thaw  semen  quality  in  buck.  Ejaculates  from  seven  bucks  of  the  Blanca-Celtibérica
breed  were  collected  by  artificial  vagina  and  electroejaculation  during  the  breeding  (July to
December)  and  non-breeding  season  (January  to June).  Samples  were  split  in  two aliquots
and one  of  them  was  washed.  Three  freezing  extenders  were  evaluated  on washing  and
non-washing  sperm  samples.  Ejaculates  collected  by artificial  vagina  had  a greater  sperm
quality after  thawing,  with  greater  values  (P ≤  0.05)  for SM  (sperm  motility),  NAR  (acrosome
intact),  YO-PRO-1−/PI−  (intact  spermatozoa),  and  Mitotracker+/YO-PRO-1− (spermatozoa
with  active  mitochondria)  and  lower  % DFI  (DNA  fragmentation  index).  Thawed  sperm  sam-
ples  which  were  collected  during  the  breeding  season  had  greater  values  (P ≤ 0.05)  for  NAR,
intact  spermatozoa  and  spermatozoa  with  active  mitochondria,  than those  semen  samples
obtained during  the  non-breeding  season.  Semen  freezing  with  Biladyl® and  Andromed®

resulted  in  a greater  sperm  quality  (P  ≤  0.05)  after  thawing  in relation  to  milk-based  exten-
der. Washing  procedure  had  no  effect  on sperm  parameters  assessed  at thawing.  Results

from the  present  study  suggest  that  the  success  of semen  cryopreservation  in Blanca-
Celtibérica  goat  depends  on  semen  collection  method  and  season,  as well  as on  the  extender
used. Thus,  the  post-thaw  sperm  quality  will  be  greater  (P  ≤  0.05)  when  samples  are  col-
lected by  artificial  vagina  during  the  breeding  season  and  when  Biladyl® or Andromed® are
used as  freezing  extenders.
. Introduction
Please cite this article in press as: Jiménez-Rabadán, P., et al.,
electroejaculation), extender and centrifugation on post-thaw s
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The Blanca-Celtibérica goat is an autochthonous
reed from Spain considered as an endangered breed.
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Endangered breeds must be preserved by conservation
methods. One of the conservation procedures consists of
the development of genetic resource banks, cryopreserving
gametes and embryos, thus allowing the storage of genetic
resources indefinitely (Watson and Holt, 2001).
 Effect of semen collection method (artificial vagina vs.
perm quality of Blanca-Celtibérica buck ejaculates. Anim.
.04.005

The first step for the creation of a sperm cryobank is
the use of an effective method for the collection of the
ejaculates. For domestic males, the artificial vagina (AV)
procedure is the preferred method (Leboeuf et al., 2000),

dx.doi.org/10.1016/j.anireprosci.2012.04.005
dx.doi.org/10.1016/j.anireprosci.2012.04.005
http://www.sciencedirect.com/science/journal/03784320
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but this technique requires a previous training period
(Wulster-Radcliffe et al., 2001). Another method of col-
lection such as the electroejaculation (EE) involves an
alternative when males are not trained to AV or for wild
species, and may  be a viable method of repeatedly collect-
ing ejaculates from individual specimens without causing
death (Santiago-Moreno et al., 2009). The latter method
could be an adequate alternative to collect ejaculates in
Blanca-Celtibérica bucks because of there are few herds and
they live under a extensive production system, being dif-
ficult to train them for AV. However, differences on sperm
characteristics between ejaculates collected by AV and EE
have been found, obtaining more desirable results when AV
is used (Greyling and Gobbelaar, 1983). Besides, substan-
tial differences in seminal plasma composition may  exist
between ejaculates obtained by AV and EE (Marco-Jiménez
et al., 2008).

Sperm cryopreservation causes ultrastructural, bio-
chemical and functional impairment to the spermatozoa
(Aitken et al., 1998; Purdy, 2006; Watson, 2000). Egg yolk is
a common component of sperm cryopreservation extender
as a protector of the plasmatic and acrosomal membrane
against temperature-related damaged (Purdy, 2006). The
Tris–egg yolk–glucose and non-fat dried skimmed milk
extenders are most commonly used for cryopreserving
buck spermatozoa (Purdy, 2006). A specific problem in the
preservation of goat semen has been its limited tolerance
to the inclusion of egg yolk in the freezing medium. Semi-
nal plasma has a detrimental effect on the viability of buck
spermatozoa during cryopreservation when extender con-
taining egg yolk is used (Sariözkan et al., 2010). This fact
is due to seminal plasma contains egg yolk coagulating
enzyme (EYCE), which hydrolyzes egg yolk lecithin into
fatty acids and lysolecithin (Iritani and Nishikawa, 1961,
1963) which is highly detrimental to buck spermatozoa.
Similarly, it has been identified the protein SBUIII from
the goat bulbourethral gland which decreased survival of
cooled or frozen sperm diluted in milk-based media. This
protein could hydrolyze residual triglycerides in skim milk
and produce fatty acids exhibiting toxic effects toward
spermatozoa (Pellicer-Rubio et al., 1997). Currently, other
extenders based on soybean have been used as an alter-
native to egg yolk in different species, obtaining for both
extenders similar results (Aires et al., 2003; Forouzanfar
et al., 2010).

In addition, many studies have reported that the wash-
ing procedure of goat semen for removing the seminal
plasma from ejaculate is necessary to increase motility,
membrane integrity, and fertility after freeze–thaw pro-
cedure (Kozdrowski et al., 2007; Machado and Simplicio,
1995). However, other studies have demonstrated that
there was no effect of seminal plasma removing on post-
thaw sperm quality (Cabrera et al., 2005; Daskin and Tekin,
1996).

Finally, significant seasonal variation in the semen qual-
ity of small ruminants living at high or mid-levels altitudes
have been demonstrated (Ritar, 1993; Roca et al., 1992) and
Please cite this article in press as: Jiménez-Rabadán, P., et al.,
electroejaculation), extender and centrifugation on post-thaw s
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the chemical composition and volume of the ejaculate may
be different depending of season (Maxwell et al., 2007).

With this background, we have evaluated in Blanca-
Celtibérica bucks the effects of the collection method
 PRESS
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(AV compared to EE), season in which the semen was
collected (breeding season compared to non-breeding sea-
son), freezing extender (Biladyl®, Andromed® and a skim
milk-based extender) and pre-treatment procedure (wash-
ing compared to non-washing), on sperm quality after
cryopreservation.

2. Materials and methods

2.1. Animals and reagents

All animal procedures were performed in accor-
dance with Spanish Animal Protection Regulation, RD
1201/2005, which conforms to European Union Regula-
tion 2010/63. Seven males of Blanca-Celtibérica goat breed
(age > 1.5 years) were used. Males were maintained and
managed at the Regional Center of Animal Selection and
Reproduction (CERSYRA) located in Valdepeñas (Spain).
The thawing procedure was  conducted at laboratories from
Group of Biology of Reproduction in Albacete (Spain).

Chemicals were of reagent grade and were purchased
from Sigma (Madrid, Spain). Biladyl® and Andromed® were
purchased from Minitüb (Tiefenbach, Alemania). Fluores-
cence probes were purchased from Invitrogen (Barcelona,
Spain), except for propidium iodide (PI) which was pur-
chased from Sigma. Chromatographically purified acridine
orange was purchased from Polysciences Inc. (Warrington,
PA, USA).

2.2. Semen collection

For each male, the collection of ejaculates was  per-
formed first using artificial vagina (AV) and later by
electroejaculation (EE), both on the same day. Males were
trained to conduct collections by AV. Ejaculates were
routinely collected once per week. The procedure of EE
was  carried out using the protocol described by Garde
et al. (2003).  Males were sedated with xylacine (0.2 mg/kg
Rompun® 2% i.m.; Bayer S.A., Barcelona, Spain), then the
rectum was  cleaned of faeces and the prepucial area was
shaved and washed with physiologic saline serum. For EE,
we used a three electrode probe connected to a power
source that allowed voltage and amperage control (P.T.
Electronics, Boring, OR, USA). Probe diameter, probe length
and electrode length was  3.2, 35.0 and 6.6 cm,  respectively.
The EE regime consisted of consecutive series of 5-s pulses
of similar voltage, each separated by 5-s break. Each series
consisted of a total of four pulses. The initial voltage was
1 V and was  increased in each series until a maximum of
5 V. Two  ejaculates per buck and collection method were
obtained during the breeding (July to December) and non-
breeding season (January to June), on a weekly basis.

2.3. Evaluation of ejaculates

Immediately after the collection of ejaculates, vol-
ume, sperm concentration, wave motion, subjective sperm
 Effect of semen collection method (artificial vagina vs.
perm quality of Blanca-Celtibérica buck ejaculates. Anim.
2.04.005

motility (SM) and the percentage of spermatozoa with
intact acrosomes (NAR) were determined. The volume
of the ejaculates was  measured in a conical gradu-
ated tube. Sperm concentration was  calculated using

dx.doi.org/10.1016/j.anireprosci.2012.04.005
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 spectrophotometer. Spermatozoa total number (STN)
as calculated with the volume and concentration (vol-
me  × concentration). Wave motion was assessed from
resh non-diluted semen and it was scored on a scale of
–5 being 0: no movement and 5: strong wave movement.
he percentage of motile spermatozoa was estimated from
emen diluted (1:200) in a phosphate buffer saline (PBS)
nd evaluated subjectively using a phase-contrast micro-
cope (100×) in samples previously incubated for 5 min at
7 ◦C. Samples fixed in buffered 2% glutaraldehyde solution
ere used to assess NAR by observing spermatozoa using
hase-contrast microscopy (400×).

.4. Semen cryopreservation

Semen from each male was aliquoted and used to con-
uct the different studies. One aliquot was washed with
BS (1:9) at 1200 × g for 10 min  at room temperature and
eminal plasma was removed. After that, washing and non-
ashing sperm samples were split in three aliquots and
iluted with three different extenders: two commercial
xtenders, Biladyl® (20% egg yolk, using clarified egg yolk,
nd 7% glycerol) and Andromed® (soybean-based exten-
er with 7% glycerol) and a skim milk-based extender (7%
lycerol) prepared as described by Corteel (1974).

Semen dilution was performed by the two-step dilu-
ion method for Biladyl® and skim milk-based extender.
irst, non-glycerolated fraction was added at 30 ◦C and the
iluted semen was cooled to 5 ◦C for 2 h. Then, it was fur-
her diluted (v:v) with fraction containing glycerol. The
iluted sperm samples were then held at 5 ◦C for 2 h more
efore freezing (total refrigeration time at 5 ◦C was  4 h).
or Andromed®, samples were diluted in only one step at
0 ◦C and then cooled to 5 ◦C for 4 h. At the end of this time,
he diluted semen was loaded into 0.25 mL  plastic straws
nd frozen. Straws were frozen over nitrogen vapours for
0 min, 4 cm above the nitrogen level, plunged and stored

n liquid nitrogen. Sperm samples were frozen to a final
oncentration of 140–200 × 106 spermatozoa/mL.

.5. Thawed sperm evaluation

Thawing was  performed by dropping the straws in a
ater bath at 37 ◦C for 30 s and pouring the semen in dry

ubes and incubated for 5 min  at the same temperature. For
ach male, season, method of semen collection, washing or
on-washing process and freezing extender, one straw was
hawed and analyzed.

Frozen-thawed spermatozoa were evaluated for SM and
AR, similar than for fresh semen. Motility was also eval-
ated by Computer Assisted Semen Analysis (CASA) using
he Sperm Class Analyzer software (SCA® 2002, Microp-
ic, Barcelona, Spain). Sperm samples were diluted (1:1)
ith TALP–HEPES medium (87 mM NaCl, 3.1 mM KCl, 2 mM
aCl2, 0.4 mM MgCl2, 0.3 mM NaH2PO4, 40 mM HEPES,
1.6 mM sodium lactate, 1 mM sodium pyruvate, 50 �g/mL
anamycin, 10 �g/mL phenol red, and 6 mg/mL  bovine
Please cite this article in press as: Jiménez-Rabadán, P., et al.,
electroejaculation), extender and centrifugation on post-thaw s
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erum albumin (BSA) (pH 7.5)) and 5 �L were put on a Mak-
er chamber recording the characteristics of sperm motility.
he following motility parameters were assessed: velocity
ccording to the straight path (VSL, �m/s), amplitude of
 PRESS
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lateral head displacement (ALH, �m)  and linearity index
(LIN, %).

Also, aliquots of thawed semen were used to con-
duct flow cytometry analysis. We  assessed the membrane
stability with YO-PRO-1, the mitochondrial membrane
potential with Mitotracker Deep Red and the viability
with propidium iodide (PI) (Martínez-Pastor et al., 2008).
A staining solution using TALP–HEPES was  prepared by
adding 50 nM YO-PRO-1 (stock: 100 �M in DMSO) and
15 �M propidium iodide (stock: 7.5 mM in Milli-Q water).
We diluted 20 �L of sample in 0.5 mL  of staining solu-
tion in polypropylene tubes for flow cytometry. The tubes
were allowed to rest for 15 min  in the dark. Mitochon-
drial membrane potential of the samples were evaluated
with 0.1 �M YO-PRO-1 and 100 nM Mitotracker Deep Red
solution (stock: 1 mM in DMSO) in TALP–HEPES. Mito-
tracker Deep Red is a far red-fluorescent dye (abs/em
∼640/662 nm)  which stains mitochondria in live cells and
its accumulation is dependent upon membrane potential.
Sperm samples were diluted to 106 spermatozoa/mL, and
300 �L were transferred to a polypropylene tube and left
in the dark for 30 min. After incubation times, sperm sam-
ples were analyzed using a Cytomics FC500 flow cytometer
(Beckman coulter Inc. USA).

YO-PRO-1-/PI−  spermatozoa were considered as intact
spermatozoa (indicating live spermatozoa with intact
plasmalemma), YO-PRO-1+/PI− as apoptotic spermatozoa
(indicating live spermatozoa with altered plasmalemma)
and Mitotracker+/YO-PRO-1− as viable spermatozoa with
active mitochondria, as described by García-Álvarez et al.
(2010).

Chromatin stability was  assessed by using the SCSA®

(Sperm Chromatin Structure Assay) technique (SCSA®

Diagnostics Inc., Brookings, SD, USA) (Evenson and Jost,
2000). This technique is based in the susceptibility of the
sperm DNA to acid-induced denaturation in situ and the
metachromatic staining Acridine Orange (AO). This stain
fluoresces green when combined with double-stranded
DNA, and red when combined with single-stranded DNA
(denaturated). Thawed spermatozoa were diluted with
TNE buffer to 2 × 106 cells/mL. Samples were flash frozen
in LN2 and stored at −80 ◦C until analysis. We  calculated
the DNA fragmentation Index (DFI) for each spermatozoon
as the ratio of red fluorescence respect to total fluores-
cence (red + green). High values of DFI, indicates chromatin
abnormalities. We  calculated % DFI, as the percentage of
spermatozoa with DFI > 25.

2.6. Statistical analysis

The R statistical environmental (R Development Core
Team, 2010) was  used. Numeric results are expressed as
the mean ± standard error of the mean (SEM). Data were
considered statistically significant when P ≤ 0.05.

For the analysis, a mixed effects model with males
as random effect was conducted. Effects of the method
of collection (AV compared to EE) and season (breeding
 Effect of semen collection method (artificial vagina vs.
perm quality of Blanca-Celtibérica buck ejaculates. Anim.
.04.005

compared to non-breeding) on the quality of the ejac-
ulates were studied. Differences on sperm quality after
thawing between collection methods (AV compared to
EE), seasons (breeding season compared to non-breeding

dx.doi.org/10.1016/j.anireprosci.2012.04.005
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Table  1
Effects of method of collection and season on the characteristics of ejaculates of the Blanca-Celtibérica bucks (n = 7).

Ejaculate characteristics

Volume (mL) Concentration (×
106 spermatozoa/mL)

STN (×106 spermatozoa) SM (%) NAR (%)

Collection method
AV 1.1 ± 0.2b 2487.2 ± 474.4a 2498.0 ± 474.4 82.2 ± 1.7 88.2 ± 1.3
EE  2.0 ± 0.3a 1163.0 ± 274.2b 2055.5 ± 493.3 84.5 ± 1.7 89.6 ± 1.3

Season
Breeding 1.2 ±  0.1 2024.0 ± 154.1 2334.0 ± 257.5 76.8 ± 1.8b 93.4 ± 0.8

a

olumn 

tozoa w
Non-breeding 1.7 ± 0.2 2328.0 ± 230.1 

Data are means ± SEM. For each factor, different superscripts within a c
number of spermatozoa; SM:  sperm motility; NAR: percentage of sperma

season), freezing extenders (Biladyl®, Andromed® and
skim milk-based extender) and pre-treatments before
freezing (washing compared to non-washing), together
with the analysis of interactions: season × pre-treatment,
collection method × season, collection method × freezing
extender, collection method × pre-treatment, freezing
extender × pre-treatment were evaluated. When interac-
tions resulted no significant, they were removed from the
analysis. Multiple comparisons analyses were carried out
using the Bonferroni adjustment.

3. Results

The method of collection influenced (P ≤ 0.05) the vol-
ume  and sperm concentration of ejaculates, showing those
collected by AV the lesser volume and greatest sperm con-
centration (Table 1). At thawing, those ejaculates collected
by AV had greater values (P ≤ 0.05) for SM and NAR, and
no significant differences were found between both meth-
ods of collection for any motility parameter evaluated by
CASA (Table 2). Ejaculates collected by AV also had greater
Please cite this article in press as: Jiménez-Rabadán, P., et al.,
electroejaculation), extender and centrifugation on post-thaw s
Reprod. Sci. (2012), http://dx.doi.org/10.1016/j.anireprosci.201

values (P ≤ 0.05) for the percentage of intact spermatozoa
and the percentage of spermatozoa with active mitochon-
dria (Table 3). However, % DFI was lower for sperm samples
collected by AV in relation to those collected by EE.

Table 2
Effects of method of collection, season, freezing extender and pre-treatment on s
CASA  of thawed semen on the Blanca-Celtibérica bucks (n = 7).

Sperm parameters

SM (%) NAR (%) 

Collection method
AV 43.4 ± 3.9a 65.1 ± 4.0a

EE  24.5 ± 4.2b 56.4 ± 4.4b

Season
Breeding 34.6 ± 4.1 86.0 ± 4.3a

Non-breeding 33.3 ± 4.1 35.6 ± 4.3b

Freezing extender
Biladyl® 45.3 ± 4.3a 61.3 ± 4.5ab

Andromed® 38.8 ± 4.4a 67.6 ± 4.4a

Skim milk 17.7 ± 4.4b 53.5 ± 4.4b

Pre-treatment
Washing 35.7 ± 4.1 58.9 ± 4.2 

Non-washing 32.1 ± 3.9 62.6 ± 4.2 

Data are means ± SEM. For each factor, different superscripts within a column d
motility; NAR: percentage of spermatozoa with intact acrosome; VSL: velocity acc
head  displacement.
2868.0 ± 290.4 86.9 ± 1.0 95.2 ± 0.8

differ (P ≤ 0.05). AV: artificial vagina; EE: electroejaculation; STN: total
ith intact acrosome.

On fresh semen, the season of collection had an effect
on the percentage of motile spermatozoa, with greater val-
ues (P ≤ 0.05) on the non-breeding season (Table 1). After
thawing, the season influenced the NAR and LIN values
(P ≤ 0.05), showing those ejaculates collected during breed-
ing season greater percentages of NAR and lesser values of
LIN (Table 2). Moreover, the percentages of intact sperma-
tozoa and spermatozoa with active mitochondria assessed
by means of flow cytometry were greater (P ≤ 0.05) when
ejaculates were obtained during this breeding season
(Table 3).

Regarding to the extender used for cryopreservation,
semen samples diluted with Biladyl® or Andromed®

showed similar results on the quality of thawed semen.
Thus, these samples had greater values (P ≤ 0.05) for the
percentage of motile spermatozoa assessed subjectively,
NAR, ALH, and the percentage of intact spermatozoa
and spermatozoa with active mitochondria than for
those samples diluted with skim milk-based extender
(Tables 2 and 3). The latter samples had greater values
(P ≤ 0.05) for the VSL and the LIN parameters.

Washing of sperm samples before diluting with freez-
 Effect of semen collection method (artificial vagina vs.
perm quality of Blanca-Celtibérica buck ejaculates. Anim.
2.04.005

ing extenders did not influence (P ≥ 0.05) on sperm quality
after thawing (Tables 2 and 3).

The interaction, season × pre-treatment was significant
for SM,  VSL and LIN (Fig. 1). Thus, the washing procedure

ubjective sperm motility, acrosomal integrity and motility evaluated by

VSL (�m/s) LIN (%) ALH (�m)

58.0 ± 2.2 55.4 ± 1.3 2.6 ± 0.1
57.1 ± 3.0 56.9 ± 1.6 2.4 ± 0.1

59.6 ± 2.7 54.5 ± 1.5b 2.6 ± 0.1
55.4 ± 2.6 57.9 ± 1.5a 2.4 ± 0.1

54.8 ± 2.6b 55.4 ± 1.5b 2.5 ± 0.1a

52.1 ± 2.8b 52.3 ± 1.6b 2.8 ± 0.1a

65.6 ± 3.3a 60.9 ± 1.8a 2.2 ± 0.1b

60.2 ± 2.6 56.5 ± 1.5 2.6 ± 0.1
54.8 ± 2.5 55.9 ± 1.4 2.4 ± 0.1

iffer (P ≤ 0.05). AV: artificial vagina; EE: electroejaculation; SM:  sperm
ording to the straight path; LIN: linearity index; ALH: amplitude of lateral

dx.doi.org/10.1016/j.anireprosci.2012.04.005
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Table  3
Effects of method of collection, season, freezing extender and pre-treatment on post-thaw membrane integrity and DNA fragmentation index evaluated
by  flow cytometry of thawed semen on the Blanca-Celtibérica bucks (n = 7).

Sperm parameters

YO-PRO-1−/PI− (%) YO-PRO-1+/PI− (%) Mitotracker+/YO-PRO-1− (%) % DFI

Semen collection method
AV 22.4 ± 2.7a 8.8 ± 0.9a 20.0 ± 2.7a 3.2 ± 0.5b

EE 14.9 ± 2.8b 4.4 ± 0.9b 9.6 ± 2.8b 6.1 ± 0.6a

Season
Breeding 23.0 ± 2.8a 4.4 ± 0.9b 19.0 ± 2.8a 4.8 ± 0.6
Non-breeding 14.3 ± 2.7b 8.9 ± 0.9a 10.6 ± 2.8b 4.5 ± 0.6

Freezing extender
Biladyl® 25.6 ± 2.8a 6.2 ± 0.9b 20.0 ± 2.8a 4.7 ± 0.6
Andromed® 20.2 ± 2.8b 8.4 ± 1.0a 16.0 ± 2.9a 3.8 ± 0.6
Skim  milk 10.1 ± 2.8c 5.2 ± 0.9b 8.4 ± 2.9b 5.5 ± 0.7

Pre-treatment
Washing 17.3 ± 2.7 7.2 ± 0.9 13.5 ± 2.8 4.8 ± 0.6
Non-washing 20.0 ±  2.7 6.1 ± 0.9 16.1 ± 2.8 4.5 ± 0.5
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ata are means ± SEM. For each factor, different superscripts within a 

−/PI−:  live spermatozoa with intact plasmalemma; YO-PRO-1+/PI−: ap
itochondria; % DFI: DNA fragmentation index.

efore freezing improved these sperm parameters when
he semen was collected during non-breeding season. No
ther interactions resulted significant for any of the sperm
arameters studied.

. Discussion

In the present research, effects of semen collection
ethod, season in which the semen was collected, freez-

ng extender and pre-treatment before cryopreservation,
n post-thaw motility and membrane integrity evaluated
y CASA and flow cytometry, respectively, were studied in
lanca-Celtibérica bucks.

Electroejaculation allows collect ejaculates in animals
hose training for AV is difficult. However, this method

ould leads to different ejaculates from those obtained by
hysiological way and could influence on the response of
permatozoa to different procedures such as cryopreserva-
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ion. Results from the present study showed that ejaculates
btained by EE had a greater volume and lesser concentra-
ion in relation to those collected by AV, while no significant
ifferences were found for SM and NAR between both

ig. 1. Mean values for SM (sperm motility, %), VSL (velocity according to the st
nteraction between pre-treatment (washing vs. non-washing before dilution) an
 differ (P ≤ 0.05). AV: artificial vagina; EE: electroejaculation; YO-PRO-
spermatozoa; Mitotracker+/YO-PRO-1−: viable spermatozoa with active

collection methods for fresh semen. These results are sim-
ilar to those to reported by Memon  et al. (1986) and
Marco-Jiménez et al. (2005, 2008) in bucks and rams,
respectively. A greater volume for the ejaculates collected
by EE could be due to contribution of accessory sex glands
because of electrical stimuli as suggested by Mattner and
Voglmayr (1962). In general, no significant differences
were observed on the characteristics of the ejaculates
regardless of the season of collection. These results agree
with Pérez and Mateos (1996) in Malagueña bucks. Only
those ejaculates collected during the non-breeding season
had a greater percentage of motile spermatozoa, although
differences among seasons were low and in both seasons
the percentage of motile spermatozoa was high.

After freezing, results from the present study indicated
semen samples from ejaculates collected by AV had greater
values for most assessed sperm parameters than those
obtained by EE, except for % DFI. These results agree with
 Effect of semen collection method (artificial vagina vs.
perm quality of Blanca-Celtibérica buck ejaculates. Anim.
.04.005

those reported by Quinn et al. (1968) where ram sperma-
tozoa collected by AV were more resistant to cold shock
than those obtained by EE. However, other studies provided
evidence that sperm quality after freezing was greater for

raight path, �m/s) and LIN (linearity index, %) in thawed semen for the
d season in the Blanca-Celtibérica bucks (N = 7).
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those sperm samples obtained by EE in the same species
(Marco-Jiménez et al., 2005). It is possible that the EE
procedure changes the secretory function of one or more
accessory glands so that could influence the amount of
fluid produced and the chemical composition of the semi-
nal plasma. This event could modify the survival to freezing
of sperm samples obtained by this method. Marco-Jiménez
et al. (2008) showed that seminal plasma from ram sperm
samples obtained by EE was different for the Na+ concen-
tration in relation to AV, with greater values of this ion
for semen collected by EE. Also, in this previous study
there were differences in the protein profile in samples
obtained by both methods (Marco-Jiménez et al., 2008).
Protein composition of seminal plasma has an important
function for preventing the cold-shock sperm membrane
damage (Barrios et al., 2005). In addition, in the seminal
plasma there are substances that protecting to spermato-
zoa against to oxidative stress (Wat-sum et al., 2006). It
is possible, that the concentration of these substances are
altered in semen obtained by EE and it could be the reason
for greater DNA damage in these samples, because of the
relation between oxidative stress and sperm DNA damage
(Aitken and Koppers, 2011).

Regarding to season of collection of the ejaculates,
those samples which were obtained during the breed-
ing season had more positive results for some parameters
evaluated after thawing. These results agree with other
studies conducted with other species of small rumi-
nants (D’Alessandro and Martemucci, 2003). Coloma et al.
(2011), showed that spermatozoa from Spanish Ibex col-
lected during the winter (January to March) survived to
freezing–thawing to a greater extent in relation to those
collected in spring (April to June). The improved fertili-
sation potential of the frozen-thawed ram spermatozoa
collected during the breeding season has been related to
changes in total protein and protein composition of semi-
nal plasma (Smith et al., 1999). This suggests that seminal
plasma proteins may  influence seasonal resistance of the
spermatozoa to freeze–thaw damage. Thus, La Falci et al.
(2002) showed that sperm samples supplemented with
proteins from buck seminal plasma obtained during the
non-breeding season led to deterioration of sperm qual-
ity, while other studies have demonstrated the positive
effect on sperm quality after thawing when the semen was
supplemented with proteins or seminal plasma collected
during breeding season (Leahy et al., 2010).

The extender composition is crucial for spermatozoa
protection against cryopreservation. In the present study,
three extenders were compared: two commercial exten-
ders, Biladyl® (egg-yolk based extender) and Andromed®

(soybean based extender), and a skim milk-based extender.
Results of the present study indicated greater values for SM
and NAR when the semen was cryopreserved with Biladyl®

or Andromed®. These results are consistent with those
obtained by Sariözkan et al. (2010) who found similar val-
ues for SM and NAR in sperm samples cryopreserved with
Triladyl® (egg-yolk based extender) or Bioxcell® (soybean
Please cite this article in press as: Jiménez-Rabadán, P., et al.,
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based extender). Also, Chauhan and Anand (1990) found
that semen from bucks frozen with a Tris–egg yolk based
extender had greater values of sperm quality in relation to
that frozen with a skim milk–egg yolk based extender. In
 PRESS
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relation to sperm parameters evaluated by flow cytometry
in the present study, lower values of intact spermatozoa
and spermatozoa with active mitochondria were found in
samples cryopreserved in milk-based extender in relation
to that cryopreserved with Biladyl® or Andromed® with the
greatest value for intact spermatozoa for the Biladyl®. Sim-
ilar results were reported by Chauhan and Anand (1990)
when the viability was  subjectively evaluated in samples
frozen in egg yolk and skim milk-based extenders. How-
ever, in our study there were greater values for VSL and
LIN in sperm samples cryopreserved in skim milk-based
extender. Dorado et al. (2007) found greater values for
objective motility parameters in samples frozen in an egg-
yolk based extender in relation to a milk-based extender,
except for LIN which had a greater value in a milk based
extender as was  found in the present study. Results from
our study could be due to the lesser viscosity of the skim
milk-based extender, which could offers less resistance to
the movement of spermatozoa. Viscosity in the medium
surrounding the spermatozoa affects the pattern of sperm
motion (Rikmenspoel, 1984).

In the present study there were not differences for DNA
stability between the three extenders used. However, in
other species such as cattle, an egg-yolk based extender
offered more protection against sperm DNA damage in
relation to a skim milk based extender (Waterhouse et al.,
2010).

Results from the present study, therefore, provide evi-
dence that sperm quality was affected less when buck
ejaculates were cryopreserved with an extender with egg
yolk in relation to soybean or skim milk-based extenders.
It is possible, that the detrimental effect of the egg yolk
based extender was  less because, clarified egg yolk was
used instead of whole egg yolk. The procedure of centrifu-
gation used for obtaining clarified egg yolk might remove
substances harmful for spermatozoa frozen in egg yolk
based extenders. Another possibility is that phospholipids
of egg yolk were not hydrolyzed by enzymes of seminal
plasma (phospholipase A2 and lysophospholipase), as has
been shown by Chauhan and Anand (1990).

In our study, effects of seminal plasma removal (wash-
ing) on sperm parameters at thawing was  also studied. In
several previous studies, it has been suggested the wash-
ing procedure of goat semen is a beneficial process because
it avoids that EYCE and protein SBUIII acts (Kozdrowski
et al., 2007; Machado and Simplicio, 1995). In the present
study there were no differences between washing and non-
washing samples. Moreover, washing is a complex-time
consuming process, and also causes some loss of sper-
matozoa (Ritar, 1993). Nevertheless, the positive effect of
washing can depend on the season of the year and the
freezing extender used (Cabrera et al., 2005; Sariözkan
et al., 2010). We  did not find no interaction between
pre-treatment (washing or non-washing) and the freez-
ing extender for all sperm parameters assessed, being
independent the washing effect from the diluents of cry-
opreservation used. However, in the present study there
 Effect of semen collection method (artificial vagina vs.
perm quality of Blanca-Celtibérica buck ejaculates. Anim.
2.04.005

was  a significant interaction between pre-treatment and
season for SM,  VSL and LIN. Thus, values for these sperm
parameters were greater when samples were washed in
the non-breeding season. Cabrera et al. (2005) observed

dx.doi.org/10.1016/j.anireprosci.2012.04.005
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imilar results, showing that samples collected during
pring (non-breeding season) had greater cryosurvival
hen the washing procedure was performed and sam-
les frozen during winter (breeding season) had greater
ryosurvival when the washing procedure was  not
erformed. Phospholipase activity is greater during non-
reeding season (Ritar and Salamon, 1991) and it is possible
hat the washing procedure removes proteins which have

 detrimental activity.
In conclusion, results of the present study suggest

hat the success of the semen cryopreservation in Blanca-
eltibérica goat depends on the semen collection method,
reeding season in which the ejaculates are collected and
xtender used. Sperm quality after cryopreservation is
reater when ejaculates are obtained by AV and are col-
ected during the breeding season. Also, there are more
esirable results for most sperm parameters assessed after
hawing when Biladyl® or Andromed® are used as freez-
ng extenders as compared to a skim milk-based extender,
rrespective of semen collection method. Moreover, the

ashing procedure did not show any improvement on
ost-thawing sperm quality.
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