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Abstract
The aim of this study was to investigate the effects of three extenders on ram sperm quality after
short-term liquid storage (24 hours’ holding time). The study included 20 crossbred rams (Pirot Pramenka x
Wurttemberg x Ile de France), 12 months old. Animals were housed at the experimental sheep farm of the
Institute for Animal Husbandry in Belgrade, Serbia. Semen was collected through electro ejaculation. The
ejaculates were obtained from single services and routine field analysis of the semen was performed
®
immediately after the collection. The semen was split and diluted with three extenders, namely Optidyl ,
®
Andromed and ultrahigh temperature processed (UHT) milk, in ratios of 1 : 50 or 1 : 100. The ejaculates
were examined for sperm motility variables (sperm cell motility percentage, the progressive motility
percentage, curvilinear velocity (VCL), straight line velocity (VSL), average path velocity (VAP), sperm
linearity (LIN), straightness (STR), amplitude of lateral sperm head displacement (ALH), beat cross
frequency (BCF) and circular tracks), and sperm morphology (live sperm percentage, percentage of normal
sperm forms with intact acrosome, percentage of abnormal sperm forms and total damaged acrosome) by
computer-assisted sperm analysis (CASA) and classic sperm cytology after supravital eosin/nigrosine/trypan
blue staining, respectively. It was observed that the type of extender used in diluting ram semen is an
important factor in the successful short-term liquid preservation (at 4 °C) of ram spermatozoa. In conclusion,
this study showed that egg yolk (Optidyl) and soybean (Andromed)-based extenders gave better results of
both sperm morphology and sperm motility parameters compared with UHT milk.
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Introduction
Semen extenders have been designed to protect and maintain spermatozoa during the processing
and storage of semen (Paulenz et al., 2002). Extender as a medium creates optimal conditions for the
extension of the life of sperm and, most importantly, preserves the reproductive ability of semen. Extender
replaces the seminal plasma and assumes its role (Vaić, 2011). In other words, extender maintains motility
and fertilizing capacity, and preserves sperm membrane integrity. It is also necessary to dilute semen to
obtain a larger number of doses from the ejaculate.
The possibility of spermatozoa keeping their biological potential and genetic information after dilution
and storage is important for sheep breeding practice. The practical use of liquid semen under farm
conditions may be facilitated in case the semen is diluted and stored (Gundogan, 2009).
Many extenders can be used to preserve ram semen, commercial and non-commercial. Currently, two
kinds of semen extenders are in use, that is, animal-source lipoprotein-based extenders and plant lipoprotein
source-based extenders (Gil et al., 2003; Kasimanickam et al., 2011). The animal source is mostly egg yolk
and the plant source is soybean lecithin. Whole or skimmed milk is also used to preserve semen (Kakar &
Ganguli, 1978; Batellier et al,, 2001; Bergeron & Manjunath, 2006; Rahman, 2014). Plant protein sources
were introduced to replace animal lipoproteins and thus avoid resulting diseases and retain the biosecurity
from trans-boundary diseases (Rehmana et al., 2013).
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Various studies tested differences in sperm activity of ram semen diluted in extenders and stored for
short or long periods. Rahman (2014) found that comparatively, skim milk extender gave better protection
during preservation process in terms of chilling and freezing ram semen than egg yolk-based extender. On
the other hand, Soltanpour & Moghaddam (2014) stated that a diluent of citrate egg yolk had better sperm
protection ability than milk-based extenders after eight days of liquid storage at 4 °C – according to sperm
motility, pH and sperm viability. Research conducted by Kulaksiz et al. (2012), showed that the skimmed milk
extender with egg yolk secured the best liquid storage and post-thaw motility compared with egg yolk only
and egg yolk-free extenders. The percentage of total abnormal spermatozoa was lowest in skimmed milk +
egg yolk extender on the first day of storage. Forouzanfar et al. (2010) concluded that lecithin could be used
as a substitute for egg yolk in cryopreservation of ram semen, as they obtained sperm motility, post thaw
viability and cleavage rates with soybean lecithin-based extender to be 51.9 ± 4.8%, 48.1 ± 3.5% and 79.6 ±
3.9%, respectively.
Artificial insemination (AI) allows for the rapid dissemination of genetic material from a small number of
superior sires to a large number of females (Vishwanath & Shannon, 1997). Semen from farm animals used
for this purpose can be stored in liquid form at 4 °C for a short time or it may be kept for a long period in a
cryopreserved state with liquid nitrogen (Maxwell & Watson, 1996). Storage diluents and techniques have
been developed and adapted with the aim of improving the cryopreservation of ram semen, but fertility after
cervical AI with frozen-thawed sperm remains significantly lower than that achieved with fresh semen
(Kulaksiz et al., 2012).
Studies on extenders are important in determining the most suitable extenders, at optimal
concentrations for a particular species. Diluted and cooled ram semen is an alternative choice to frozen
semen if insemination is done within a short period, since damaging effects are less pronounced in diluted
and chilled semen than in frozen thawed semen. Therefore, the aim of this study was to investigate the effect
of milk, egg yolk- and soybean-based extenders on sperm parameters of ram semen during liquid storage for
24 hours at 4 °C.

Materials and Methods
Research was carried out at the experimental sheep farm of the Institute for Animal Husbandry,
Zemun, Belgrade. It included 20 crossbred rams (autochthonous breed Pirot Pramenka x Wurttemberg x Ile
de France), 12 months old. This is the age at which rams are usually introduced into breeding by on-farm
practices, regardless of season. Animals were kept indoors, fed alfalfa hay and a 16% protein concentrate
supplemented with vitamins and minerals. Prior to this study all rams were sexually inexperienced, but had
previously been subjected to semen collection twice, at the age of 9 and 11 months, to keep track of sperm
maturation progress.
®
The extenders used in the study were i) Andromed , which was prepared according to the
manufacturer’s (Minitübe, Tiefenbach, Germany) instructions. Andromed is an egg yolk-free medium, a
®
commercial diluent, that contains soybean lecithin extract; ii) Optidyl , which is a commercial extender
containing ionized egg yolk, prepared according to manufacturer’s (Cryo-vet, France) instructions; and iii)
ultra-high temperature (UHT) milk from the store.
Semen was collected from each ram using an electro ejaculator. The ejaculates were obtained from
single services, and the routine field analysis of the native semen was performed immediately after the
collection. Volume of ejaculates was 1.75 mL on average (range 0.50 to 2.60 mL). All of the ejaculates were
suitable for evaluation. The semen was split and then diluted with three extenders, namely Optidyl,
Andromed and UHT milk, in a ratio 1 : 2, transported and analysed in the laboratory within 3–5 hours of
collection. Final semen dilution was set to 1 : 50 or 1 : 100, depending on the approximated density of
ejaculates. The ejaculates were examined for sperm motility parameters and sperm morphology. Sperm
motility parameters were assessed using computer-assisted semen analysis (CASA) integrated system for
the analysis of semen (ISAS V.1.2., Proiser, Spain). The measured motility variables included sperm cell
motility percentage, progressive motility percentage, curvilinear velocity (µm/s), straight line velocity (µm/s),
average path velocity (µm/s), sperm linearity (as a measure of a curvilinear path VSL/VCL), STR (as the
linearity of the average path VSL/VAP), amplitude of lateral sperm head displacement (µm) and beat cross
frequency (Hz) (Mortimer, 1997). Circular tracks (%) were also assessed. For sperm morphology, including
live sperm percentage, percentage of normal sperm forms with intact acrosome, percentage of abnormal
sperm forms and total damaged acrosome, semen was stained with eosin-nigrosin-trypan blue stain and
examined by light microscope under oil immersion with final magnification of 1000 ×.
Data were analysed using Statistica for Windows 7 (StatSoft Inc.). Kruskal-Wallis’s test was performed
to determine the effect of extender on sperm quality parameters. The comparison of the means was done by
Mann-Whitney U test. Data were presented as the mean ± standard error of mean (SE). Analyses were
performed for the significance level of 5% and 1%.
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Animal experimentation was conducted within standard ethical norms.

Results
The effect of extender on sperm motility parameters after collection (initial analysis) is presented in
Tables 1 and 2.
Table 1 Mean (± SE) for motility and sperm velocity parameters in various extenders after collection (initial
analysis)
Extender

Motility**, %
A

Progressive
motility, %

VAP*, µm/s
a

VSL, µm/s

VCL*, µm/s
a

Andromed

72.35 ± 2.48

15.38 ± 3.03

112.3 ± 8.16

61.03 ± 7.7

204.32 ± 8.51

Optidyl

71.27A ± 2.79

20.68 ± 2.54

112.68a ± 9.88

68.82 ± 7.08

201.7a ± 8.11

57.88 ± 8.44

72.55 ± 14.17

Milk

B

51.7 ± 7.69

27.13 ± 4.66

b

80.66 ± 12.01

b

VAP: average path velocity, VSL: straight line velocity, VCL: curvilinear velocity
a,b
*
Column means with different superscripts differ significantly at P <0.05
A,B
**
Column means with different superscripts differ significantly at P <0.01

Table 2 Mean (± SE) for sperm motility parameters in different extenders after collection (initial analysis)
Extender

STR, %

LIN, %

ALH*, µm

BCF*, Hz

Circular tracks*,
%

Andromed

52.34 ± 3.51

28.93 ± 2.79

4.39a ± 0.22

15.25b ± 1.09

62.47A ± 3.51

a

a

A

Optidyl

60.26 ± 2.23

33.14 ± 2.13

4.47 ± 0.09

17.98 ± 0.68

59.47 ± 2.88

Milk

54.29 ± 7.37

31.34 ± 4.31

2.86b ± 0.39

17.53a ± 2.41

31.61B ± 4.9

STR: straightness, LIN: sperm linearity, ALH: amplitude of lateral sperm head displacement, BCF: beat cross frequency
Column means with different superscripts differ significantly at P <0.05*

a,b

As shown in Table 1, the effect of extender was significant for motility percentage, VAP and VCL, but
not for progressive motility. Sperm motility percentage was lowest in sperm diluted in milk (51.7 ± 7.69),
while progressive motility showed the highest value in milk extender. Andromed and Optidyl gave
approximately equal motility percentages (72.35 ± 2.48 and 71.27 ± 2.79), but progressive motility was
higher in Optidyl. VAP, VSL and VCL were lowest for sperm diluted in UHT milk.
Straightness and linearity (Table 2) were highest for Optidyl, but the difference was not significant.
Beat-cross frequency was higher for Optidyl and UHT milk than for Andromed (P <0.05).
Data on the effect of extender on sperm motility parameters in semen held for 24 hours at 4 °C are
presented in Tables 3 and 4.
Table 3 Mean (± SE) motility and sperm velocity parameters in different extenders after 24 hours’ holding
time
Progressive
motility, %

VAP , µm/s

b

22.26 ± 2.67

a

23.34 ± 2.43

151.74 ± 9.53

*

Extender

Motility , %

Andromed

70.27 ± 4.88

Optidyl

79.41 ± 4.27

Milk

b

62.45 ± 5.07

17.73 ± 3.18

*

VSL , µm/s

151.98 ± 11.18

a

95.49 ± 8.47

240.18 ± 12.92

a

92.05 ± 7.2

a

228.86 ± 11.92

72.58 ± 11.06

163.36B ± 19.8

b

108.23 ± 14.52

*

a

b

**

VCL , µm/s
A
A

VAP: average path velocity, VSL: straight line velocity, VCL: curvilinear velocity
Column means with different superscripts differ significantly at P <0.05*
A,B
Column means with different superscripts differ significantly at P <0.01**

a,b
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Table 4 Mean (± SE) sperm motility parameters in different extenders after 24 hours’ holding time
Extender

STR, %

LIN, %

ALH*, µm

BCF**, Hz

Circular
*
tracks , %

Andromed

62.18 ± 2.24

39.21 ± 2.36

4.43a ± 0.21

20.66A ± 0.68

46.22b ± 4.06

Optidyl

60.22 ± 2.06

39.78 ± 1.86

3.98 ± 0.17

Milk

65.45 ± 2.35

b

A

44.72 ± 3.16

a

20.32 ± 0.69

b

52.06 ± 3.3

B

3.48 ± 0.28

b

15.53 ± 1.63

36.03 ± 4.72

STR: straightness, LIN: sperm linearity, ALH: amplitude of lateral sperm head displacement, BCF: beat-cross frequency
*
a,b
Column means with different superscripts differ significantly at P <0.05
A,B
Column means with different superscripts differ significantly at P <0.01**

Data presented in Table 3 shows that sperm diluted in Optidyl and Andromed had higher values of
motility and sperm velocity parameters after 24 hours’ holding time compared with UHT milk. This difference
was significant for VAP, VSL and VCL. Motility percentage was also influenced by extender (P <0.05), but
Optidyl had the highest value and differed from the other two extenders.
Straightness and linearity (Table 4) were both highest for UHT milk, but the difference was not
significant. Andromed diluted semen showed the highest value for ALH, which was different (P <0.05) from
the ALH value obtained from Optidyl- and UHT milk-diluted semen. Beat-cross frequency was similar in
value for Andromed and Optidyl and was higher compared with BCF obtained for milk-diluted semen (P
<0.01).
Table 5 shows sperm morphology parameters (live sperm, normal sperm forms with intact acrosome,
sperm cells with damaged acrosome and abnormal sperm forms) in native semen in the moment of
collection and in different extenders, 24 hours after collection.
Table 5 Sperm morphology parameters at collection and after 24 hours in various extenders
Extender
Native semen at
collection
Andromed 24 h

Live sperm*, %

Normal forms with
intact acrosome*, %

Damaged
acrosome**, %

Abnormal forms, %

45.44ab ± 4.74

41ab ± 4.49

32BC ± 3.74

9 ± 1.57

bc

37.17 ± 5.38
a

bc

AB

32.05 ± 4.56

43.5

a

± 4.72

11.11 ± 1.88

C

Optidyl 24 h

53.61 ± 5.24

46.05 ± 4.53

25.55 ± 2.75

11.33 ± 2.03

Milk 24 h

29.55c ± 5.88

25.39c ± 5.44

57.44A ± 5.2

12.22 ± 2.04

a,b
A,B

*

Column means with different superscripts differ significantly at P <0.05
**
Column means with different superscripts differ significantly at P <0.01

Semen diluted in Optidyl extender had the highest percentage of live sperm and normal sperm forms
with intact acrosome 24 hours after collection and the lowest percentage of sperm cells with damaged
acrosome. Compared with other two extenders, these were different at P <0.05 and P <0.01, respectively.
Andromed diluted semen also gave better results of these morphology parameters compared with milk
extended semen, even though difference was not significant. Percentage of abnormal sperm forms was
somewhat higher in milk than in the other two extenders, but the difference was not significant.

Discussion
Sperm motility is considered one of the most important factors that affect male fertility. The presence
of a high percentage of motile sperm in the ejaculate is critical for proper sperm transport and fertilization.
However, great variations have been described in the subjective estimation of sperm motility, even
assessing the same ejaculates (Contri et al., 2010). The development of computer-assisted semen analysis
(CASA) allowed more objective motility assessments based on several specific motility parameters
describing the movements of spermatozoa. A study that employed a CASA showed that the semen samples
with higher values of curvilinear velocity, straight-line velocity and average-path velocity parameters provided
higher rates of pregnancy (Donnelly et al., 1998). Each of these velocities describes a different aspect of the
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progression of the spermatozoon and, along with other parameters such as linearity, straightness, the
amplitude of lateral head displacement and others, is used to further describe the trajectory.
The results of the present study showed that the extender influenced the sperm motility parameters in
semen evaluated by CASA. Ejaculates diluted with Optidyl and Andromed gave better results of sperm
motility than milk-diluted semen in both periods (initial analysis and 24 hours’ holding time). Many of the
previous studies also showed differences among sperm motility parameters that were influenced by the
extender used for dilution (Kulaksiz et al., 2012; Mostafapor & Ardebili, 2014; Soltanpour & Moghaddam,
2014). However, different studies gave advantages to different extenders. Rahman (2014) found skim milk
extender better than egg yolk extender, which is in contrast with that of Soltanpour & Moghaddam (2014),
who found egg yolk extender to be better than milk-based extenders. Kulaksiz et al. (2012) gave the
advantage to skimmed milk mixed with egg yolk. Forouzanfar et al. (2010) stated that lecithin-based
extender could be an adequate replacement for egg yolk. On the other hand, Lopez et al. (1999) observed
no differences among extenders (sodium citrate, Tris, and milk-based extenders) when subjected to liquid
storage at 4 °C. The results of the present study are in agreement with findings of Forouzanfar et al. (2010)
and Soltanpour & Moghaddam (2014).
The only sustainable success after vaginal and cervical insemination of sheep with frozen-thawed
semen was achieved in Norway (Paulenz et al., 2005, 2007). Procedures for semen dilution involved a
combination of non-fatty milk powder and egg yolk extender. This implies the need to consider possible the
positive effects of simultaneous use of different extenders on high conception rate.
During liquid storage of ram semen there is usually a decline in motility parameters, as documented in
various studies (Joshi et al., 2001; Kheradmand et al., 2006; Azizunnesa et al., 2014). The findings of the
present study, however, showed a certain increase in motility of spermatozoa from semen extended in milk
and Optidyl, going from 51.7% and 71.27% to 62.45% and 79.41% after 24 hours’ holding time, respectively.
Only the sperm diluted in Andromed showed some decline in motility percentage from 72.35 to 70.27 during
24 hours. The same trend of increasing values was observed for almost all sperm motility pattern parameters
and sperm velocity parameters. Ram spermatozoa are sensitive to sudden changes in temperature and
environment and, sometimes, due to the shock from collection, sperm cells become initially inactive.
However, given the time and optimal environment they reactivate and resume normal function. In the
findings of Mostafapor & Ardebili (2014) some sperm velocity and motility pattern parameters, such as VAP,
STR, and LIN, had higher values after one to two hours’ holding time than at the initial analysis, even though
motility percentage decreased to some extent.
Unlike motility percentage, progressive motility percentage did not show significant differences
between extenders, either after collection, or after 24 hours’ holding time. However, it was observed that in
some of the semen samples, sperm cells had almost completely lost their activity 24 hours after collection,
which was the most pronounced in milk extender (6/20 in milk compared with 2-3/20 in Optidyl and
Andromed). This suggests that for some semen, milk may not be favourable as an extender.
Results of the present study showed that sperm velocity parameters (VAP, VSL, and VCL) of the
sperm diluted in Andromed and Optidyl had higher values compared with milk, both after collection and 24
hours’ holding time. The measurement of velocity is an indirect indicator of mitochondrial function (Graham
et al., 1984) of spermatozoa and is associated with fertility (Aitken, 1990).
Morphology of sperm, particularly the acrosomal status (Yanagimachi, 1994), is an important indicator
of fertility. Even though a spermatozoon may be viable and possess progressive motility, if its acrosome is
damaged or lost, it will not be able to fertilize an oocyte. A high proportion of abnormal sperm cells adversely
affect fertility. The present study showed a statistically significant effect of extender on sperm morphology
parameters, with Optidyl giving the best results for short-term preservation of liquid semen, in highest live cell
percentage, highest normal cell with intact acrosome percentage and lowest percentage of sperm cell with
damaged acrosome.

Conclusions
From the present results it was observed that the type of extender used in diluting ram semen is an
important factor in successful short-term liquid preservation (at 4 °C) of ram spermatozoa.
This study showed that egg yolk (Optidyl)- and soybean (Andromed)-based extenders gave better
results of sperm morphology and sperm motility parameters, compared with UHT milk. These findings
suggest that it is better to use the two commercial extenders (especially Optidyl) and avoid using solely UHT
milk to dilute ram semen for short-term liquid storage. Additionally, in terms of morphology, Optidyl provided
the best environment for spermatozoa and therefore could be regarded as the best choice for short-term
liquid storage of ram semen.
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