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Objective: To evaluate effects of long term storage of semen in liquid nitrogen on the motility,
concentration, viability, and abnormality of frozen-thawed. Methods: A total of four Friesian
Holstein bulls were used for this study. One hundred forty semen straws with produced during
period from 2008 to 2013 and stored in the liquid nitrogen at the AI center were used in the
research. The sample straw was divided into six groups; each group consist 20 semen straws. For
group one all straw semen was produced on the 2013 with storage in liquid nitrogen as long as
one year, the group 2, 3, 4, 5, and 6 were produced on the 2012, 2011, 2010, 2009 and 2008 with
storage in liquid nitrogen as long as 2, 3, 4, 5, and 6 year, respectively. Results: The viability of
thawed sperm was not significantly different decreased (P>0.05) between storage on the 1 year and
storage on the 2 years. Whereas, the viability was significantly different (P<0.05) with storage
on the 3, 4, 5 and 6 years. The motility of thawed sperm was not significantly different decreased
(P>0.05) on the storage 1, 2 and 3 years. Whereas, the motility was significantly different (P<0.05)
with storage on the 4, 5 and 6 years. The abnormality of thawed sperm was not significantly
different increased (P>0.05) on the storage 1, 2 and 3 years. Whereas, the abnormality was
significantly increased (P<0.05) with storage on the 4, 5 and 6 years. On the other hand the
concentration of thawed sperm was not significantly different decreased (P>0.05) during storage
in liquid nitrogen as long as six years. Conclusions: Based on the results in these experiments,
it may be concluded that concentration sperm during one year storage in liquid nitrogen resulted
in similar concentration storage as long as six years. However, the viability and motility sperm
thawed storage in liquid nitrogen during six years was lower than storage on the 1 and 2 years.
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1. Introduction
Dairy cows in Indonesia can be found in 19 of the 33
provinces. However, ninety seven percent of all dairy
cows are located on the Java Island in the three provinces
including east Java (47 %), central Java (25 %) and west Java
(25 %). One of strategy for development Indonesian’s dairy
industry is increasing the populations and productivity
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of dairy livestock. Artificial insemination (AI) is the good
available tool for genetic improvement of dairy cattle in the
minimum possible time. One of the factors for success AI is
semen quality after thawed as well as relation to biophysical
and biochemical characteristics of sperm[1]. Furthermore,
Hayashi and Ishobe[2] reported that semen quality frozen
thawed including viability, motility, and abnormality is
crucial factor for successful AI. High viability, motility and
abnormality of spermatozoa frozen thawed are significant
factor because the relationship between the post-thawing
sperm viability and the subsequent conception rate has
been reported[3, 4].
Cryopreservation in -196 曟 (liquid nitrogen) is a method
that makes long-term storage of spermatozoa[5]. However,
for the success of that, it is necessary that spermatozoa
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are preserved for long periods without damaging their
fertilizing ability. H ammerstedt et al [6] and W atson [7]
revealed that storage period per time is not having an effect
on the sperm viability. However, researches designed
to identify a decrease on performance of cryopreserved
semen as a function of storage time are deficient. In several
cases, the assumption of no damage to spermatozoa during
cryopreservation is made subject to the semen being stored
unaffected in liquid nitrogen[5].
The objective of this study was to evaluate effects of long
term storage of semen in liquid nitrogen on the motility,
concentration, viability and abnormality of frozen-thawed
Frisian Holstein bull spermatozoa.
2. Materials and methods
2.1. Collection of semen
This study was conducted at the artificial insemination
center Singosari, Malang in Indonesia. A total of four
Holstein frisian bulls of at least 3-4 years of age and average
weight of 800-850 kg were used this study. The bulls were
housed under controlled condition at the AI Center. The
semen was collected during period from 2008 to 2013 and
stored in the liquid nitrogen. The semen from several bulls
was stored together in large containers containing liquid
nitrogen. These containers were routinely filled with liquid
nitrogen to protect that the AI straws were constantly
covered by liquid nitrogen. Semen was routinely collected
using artificial vagina once or twice weekly. Immediately,
after the semen ejaculate was evaluated for volume, color,
pH, viability, motility, abnormality and sperm concentration.
The volume of each ejaculate was measured in a graduated
tube. T he sperm concentration was calculated with a
hemocytometer.

2.2. Semen cryopreservation
F reshly collected semen was mixed with T ris- egg
yolk extender according to H ong et al. [8] . P rior to
cryopreservation, semen was diluted to obtain a final
concentration of 25 x 106 sperm /straw. Extended semen
were loaded in 0 . 25 m L straws ( B iovet, F rance ) and
maintained at 4 曟 for 2 hours before freezing. Then they
were then frozen at 4 cm above liquid nitrogen to achieve
approximately -120 曟 for 10 min before being immersed
into liquid nitrogen, and stored for one until six year before
thawing.
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to 2013 and stored in the liquid nitrogen at the AI center
was used to the study. Sample straw was divided into the
six groups, each group consist 20 semen straws. The group
one, all straw semen was produced on 2013 with storage in
liquid nitrogen as long as one year, the group 2, 3, 4, 5, and
6 were produced on the 2012, 2011, 2010, 2009 and 2008 with
storage in liquid nitrogen as long as 2, 3, 4, 5, and 6 year,
respectively.
2.4. Assessment motility
The motile sperm estimate by mixing the semen gently
and placing a 10 毺L drop of diluted semen on a warm
slide and covered with a glass cover slip (18 伊 18 mm)
from five selected representative fields. The mean of the
five estimations was recorded as final motility score.
Sperm viability was assessed using nigrosin-eosin stain[9].
Placing 10 毺L drop of diluted semen on a slide and adds
with 40 毺L drop of nigrosin-eosin, and smears on a slide
and drying quickly in heating stage (37 曟). Microscopes were
selected randomly from ten fields, with total of 200 cells.
Individual sperm were recorded as being viable (unstained)
or dead (stained).

2.5. Sperm viability
E osin-nigrosin staining was used to evaluate sperm
viability adopted from Felipe-Pérez et al [10]. After thawing,
one drop of the semen was placed on a tempered glass
slide, which was mixed with one drop of eosin-nigrosin
solution (0.2 g of eosin and 2 g of nigrosin were dissolved
in a buffered saline solution (153 mM NaCl and 9.65 mM
NaH2PO4, pH=7.4), mixed for 2 hours at room temperature
and filtered to obtain the staining media). The mixture
was smeared on the glass slide and allowed to air dry.
One hundred spermatozoa were evaluated in at least five
different fields in each smear under a light microscope.
Eosin penetrates in non-viable cells, which appear red,
nigrosin offers a dark background facilitating the detection
of viable, non-stained cells.

2.6. Abnormalities of spermatozoa
The abnormalities of sperm were evaluated based on
classified morphological abnormalities into the categories
such as loose spermatozoa head, abnormal spermatozoa
head and tail formation, presence of proximal cytoplasmic
droplet, or distal cytoplasmic droplet adopted from Hafez
and Hafez[11].

2.3. Evaluation of frozen-thawed semen

2.7. Statistical analysis

Straws were thawed in a water bath at 37 曟 for 50 to 60
second. Thawing was done by placing the straws in a water
bath at the proper temperature. Immediately after thawing,
the content of each straw was emptied in a 5 mL Falcon tube
at 37 曟. The sperm suspension was kept at 37 曟 during
post-thaw incubation. A total of 140 semen straw from
Friesian-Holstein bull produced during period from 2008

Percentage of mean values (± SEM) for various parameters
of semen quality during six years experimental were
calculated. The statistical significances of the effects of
Viability, motility and concentration after storage in liquid
nitrogen were determined by ANOVA (S-PLUS Statistical
Program, Insightful Corporation Seattle, WA, USA).
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3. Results
The effect of long term storage of semen in liquid nitrogen
on the motility, concentration, viability and abnormality
of frozen-thawed Frisian Holstein bull Spermatozoa have
been presented in Table 1 and 2. Based on the evaluation of
fresh ejaculation are shown in Table 1, overall parameters
of semen characteristics were considered as standard. The
viability of thawed sperm (Figure 2) was not significantly
different decreased ( P> 0 . 05 ) between storage on the 1
year and storage on the 2 years. Whereas, the viability
was significantly different (P<0.05) with storage on the

3, 4, 5 and 6 years. The motility of thawed sperm was not
significantly different decreased (P>0.05) on the storage
1, 2 and 3 years. Whereas, the motility was significantly
different (P<0.05) with storage on the 4, 5 and 6 years. The

abnormality of thawed sperm was not significantly different
increased (P>0.05) on the storage 1, 2 and 3 years. Whereas,
the abnormality was significantly increased (P<0.05) with
storage on the 4, 5 and 6 years. On the other hand the
concentration of thawed sperm was not significantly different
decreased (P>0.05) during storage in liquid nitrogen as long
as six years.

Table 1
Evarage of volume, viability, motility, abnormality and concentration semen evaluation just after collected using artificial vagina on the Frisian
Holstein bull.
Volume (mL)

Concentration
6
(伊10 /mL)

Abnormality (%)

Viability(%)

2

5.80依3.31

4.06依3.23

15.93依1.45

86.21依1.50

4

5.90依4.12

Bull
1

6.10依1.00

4.25依2.34

6.20依3.20

3

4.83依3.21
4.59依1.45

16.56依4.90
16.01依2.76
15.89依1.16

Motility(%)

88.79依3.50

76.23依4.66

87.56依4.61

74.19依1.97

78.41依1.67

85.19依1.12

75.23依2.71

Table 2
Viability, motility, abnormality and concentration of sperm after thawing on storage periode in the liqiud nitrogen on the Frisian Holstein bull.
Characteristics

Viability (%)
Motility (%)
Abnormality (%)
6
Concentration x 10 /mL

1

2

80.63依0.41

75.88依0.45

10.63依0.23

12.63依0.42

a

48.33依0.31

a
a

138.75依0.34

a

46.67依0.24

a
a

135.50依0.44

Period of storage (year)
3
4
b
b
72.88依0.41
70.25依0.27
a
b
46.25依0.36
44.59依0.37
a
b
14.75依0.46
17.63依0.19
135.25依0.36
134.00依0.24

Values in the same row with different superscripts indicate significant difference (P<0.05).

a,b,c,d

4. Discussion
The result of this study indicated that evarage volume
of fresh ejaculate was ranged between 5.8 and 6.2 mL.
This result strengthened findings reported by Shaha et al.
[26] found the ejaculate volume 4.1 to 7.6 mL for Holstein
Friesian cross Zebu cattle. Liquid nitrogen is used widely
for the cryopreservation and long term storage of human
and animal semen. This study reaffirmed previous study
conducted by Hayashi and Ishobe[2] in which a similar
concentration sperm of fresh ejaculate (455伊106/mL) was
reported in Frisian Holstein bull spermatozoa.
Liquid nitrogen is used widely for the cryopreservation
and long term storage of human and animal semen. The
present of this study was to investigate the effects of sperm
viability after the long storage in the liquid nitrogen. The
viability and motility of thawed sperm in liquid nitrogen
were gradually decreased. Decreasing viability and motility
after period of storage in liquid nitrogen in the present
study were caused effect of genetic and cryopreservation.
Chatterjee and Gagnon[12] reported that possible damage to
sperm after a number of long storage at liquid nitrogen that
have been suggested genetic damage, e.g. abnormalities of

5

6

68.88依0.42

64.50依0.39

19.38依0.24

22.50依0.32

43.75依0.41

c

b
c

125.25依0.34

d

42.08依0.13

c

d

122.25依0.42

chromatin structure and DNA integrity. Meanwhile, reactive
oxygen species (ROS) produced from cryopreservation can
also induce of damage sperm thawed[13]. Cryopreservation
also is a major cause of damage to the sperm thawed[6, 7, 14]. On
the other hand Mazur[15]; Mazur and Kashimoto[16] revealed
that in general, storage of sperm at the liquid nitrogen
is better because it prevents thermal reactions and only
slow background ionizing radiations could probably have
a damaging effect on sperm function over a long period
of time. Fraser et al. [17] demonstrated that the prolonged
storage has effects to sperm motility, mitochondrial function
and plasma membrane integrity. Perdesen and Lebech, [18];
Wolley and Richardson[19] found as long as freezing and
thawing, mitochondria of spermatozoa undergo damages.
Mitochondria are the source of sperm energy, and damage
to their structure during the cryopreservation process is
associated with reduced post-thaw including sperm viability
and motility[20-22].
Another objective of this study was to determine the
abnormality thawed sperm. Based on the data in Table 2 in
this study, the abnormality was increase gradually during
long term storage of semen in liquid nitrogen. These are
probably due to deleterious effect of cryopreservation
process, including cooling, freezing and thawing.
C ryopreservation, freezing and thawing processes may
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induce spermatozoa damages especially to the plasma
membrane and organelles[23, 24].
A ccuracy of sperm concentration in the artificial
insemination (AI) has impact to production efficiency of
breeding stations, product quality, and fertility[25]. The
results obtained in this study show that sperm concentration
after thawed was not significantly different during six years
storage in the liquid nitrogen.
Based on the results in these experiments, it may be
concluded that concentration sperm during one year storage
in liquid nitrogen resulted in similar concentration storage
as long as six years. However, the viability and motility
sperm thawed storage in liquid nitrogen during six years was
lower than storage on the 1 and 2 years.
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