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Abstract
Background and Aim: Various factors can reduce the quality of semen used for artificial insemination and have an impact 
on fertility decline, such as poor handling during frozen semen distribution. This study was aimed at assessing the quality 
of frozen-thawed semen after distribution in the field and its importance in maintaining fertility.

Materials and Methods: The Brahman Cross (BX) breeding program of PT Lembu Jantan Perkasa, Indonesia, was used. 
This program was preferred due to its adherence to guidelines that limit the effects of extraneous factors that may affect 
semen quality. Frozen-thawed semen samples from eight bulls with the same production code were analyzed and compared 
between the production site (artificial insemination [AI] center) and the field (BX breeding program). Total and progressive 
motility (PM) of sperm were determined using computer-assisted semen analysis. Plasma membrane integrity (PMI) was 
assessed using hypoosmotic swelling test, sperm viability using Eosin-Nigrosin staining, acrosome integrity using trypan 
blue-Giemsa staining, morphological abnormalities using William staining, and DNA fragmentation using toluidine blue 
staining. The fertility rate was determined using the conception rate (%) derived from AI data based on 502 AI services and 
478 cows in the BX breeding program. A t-test was used to compare the quality of frozen-thawed semen before and after 
distribution. The relationship between the qualities of frozen semen after distribution in the field with fertility was analyzed 
using Pearson correlation.

Results: There was no significant difference (p>0.05) in the quality of frozen-thawed semen (sperm motility, PMI, viability, 
acrosome integrity, abnormalities, and DNA fragmentation) between the production site (AI center) and after distribution 
in the field (BX breeding program). The semen met the minimum standards for AI programs. Total motility (r=0.986), 
PM (r=0.961), sperm viability (r=0.971), PMI (r=0.986), and acrosome integrity (r=0.992) were all positively correlated 
(p<0.05) with fertility rate; while sperm abnormalities (r=−0.996) and sperm DNA fragmentation (r=0.975) were negatively 
correlated (p<0.05) with fertility rate.

Conclusion: The study showed that to achieve the maximal and optimal fertility rate in bulls in an AI program, the overall 
quality of frozen-thawed semen in all aspects is critical. This can be achieved if the handling during distribution and storage, 
as well as the various factors that may affect the quality of semen in the field, can be controlled properly.
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Introduction

Artificial insemination (AI) is one of the oldest 
reproductive technologies that have been proven to 
be capable of improving the genetic quality of live-
stock. This technology can produce a high quantity of 
high-quality offspring within a short period by utiliz-
ing as many superior bulls as possible [1]. The mea-
sure of the success of AI on a farm is a high frequency 
of pregnant cows indicating an improved reproductive 
efficiency [2]. Conception rate (CR) is one indicator 
of fertility that can be used to assess reproductive 

efficiency [3]. CR is the percentage of pregnant cows 
after the first insemination. Several factors can influ-
ence the success of AI and CR, namely, the quality of 
frozen semen, the inseminator, reproductive health of 
the cows [4], and the accuracy of breeders in detect-
ing estrus. Dogan et al. [5] stated that the CR is cor-
related with the quality of semen. Mekonnen et al. [6] 
and Kebede [2] reported that good semen quality will 
greatly influence the success of AI and will increase 
the CR in the field [7]. Semen quality is an import-
ant factor in the success of fertilization of AI pro-
grams [8,9]. Good quality frozen semen must contain 
motile, living sperm with intact plasma membranes, 
intact acrosomes have good morphology, and DNA to 
fertilize oocytes [10-12].

The frozen semen that is used for AI in the field 
usually goes through various quality testing pro-
cedures at the production site (AI center) following 
applicable standards at each AI center. CRs in the field 
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in Indonesia have not yet reached the desired levels. 
As observed by Rusdiana and Soeharsono [13] who 
report a relatively low CR in Indonesia of 57.68%, 
while Butler [14] states that desirable CR must be 
up to 70% of all first-inseminated cows. This has 
led to speculation regarding the factors that may be 
responsible for the observed low CR. Chief among 
these factors is the quality of frozen-thawed semen 
in the field. Several factors can cause a decrease in 
the quality of semen such as genetics [15], breed, bull 
weight, bull age [16], cryopreservation processes, 
and various other external factors, such as handling 
of frozen semen samples. The distribution of frozen 
semen samples is an important management aspect 
and can affect the quality of frozen semen. McDonald 
et al. [17] reported that there was a decrease in the 
quality of reproductive cell samples (frozen oocytes) 
in humans as a result of abnormal conditions and poor 
handling of samples during the distribution or trans-
portation process. In addition, Parmegiani et al. [18] 
observed that the type of sample transportation used 
and the conditions when shipping or distributing fro-
zen human oocyte samples will affect the quality of 
the oocytes. Similarly, Carrell et al. [19] reported that 
temperature fluctuations during the distribution and 
handling of frozen semen samples in humans will 
harm semen quality. This contrasts with Til et al. [20], 
who reported that the distribution or transportation of 
frozen semen in humans did not affect the quality of 
sperm. Ramírez-Reveco et al. [21] also reported that 
as long as the storage temperature of frozen samples 
in containers was maintained at −196°C, the quality of 
the frozen semen could still be maintained for a long 
time.

However, information regarding the quality of 
frozen semen after distribution is limited to human 
samples. Research related to the quality of frozen 
semen in livestock after distribution in the field, 
especially in bulls, requires further investigation. It 
is of importance to establish whether the distribution 
process will negatively affect the quality of frozen 
semen and consequently, field fertility. For this rea-
son, this study was aimed at assessing the quality of 
frozen-thawed semen after distribution in the field and 
its importance in maintaining fertility.
Materials and Methods
Ethical approval

This study was conducted following the opera-
tional standards applicable in Indonesia, namely, SNI 
ISO 9001: 2015 No. 824 100 16072 at the Lembang 
AI Center and SNI ISO 9001: 2015 No. G.01-ID0139-
VIII-2019 at the Singosari AI Center and supervised 
by a veterinarian from both AI Centers. Every stage 
of this study considered the principles of animal wel-
fare, which refer to the ethical clearance requirements 
of the Animal Care and Uses Committee. This study 
used frozen semen samples obtained from a series of 
processes, including the process of semen collection 

from healthy bulls using an artificial vagina, which 
does not affect normal physiological processes.
Study period and location

The research was conducted from April to 
October 2019 at PT Lembu Jantan Perkasa, Banten, 
Lembang AI Center, West Java, Singosari AI Center, 
East Java and the Laboratory of Animal Reproduction, 
Breeding and Cell Culture, Research Center for 
Biotechnology, Indonesian Institute of Sciences, West 
Java, Indonesia. 
Experimental animals

Considering that many factors can influence the 
success of AI processes in the field outside of semen 
quality, such as inseminator skills, reproductive health 
of cows, and the accuracy of estrus detection, the 
study focused on one frozen semen distribution loca-
tion, namely, the Brahman Cross (BX) breeding pro-
gram of PT Lembu Jantan Perkasa (PT LJP). PT LJP 
is a fattening company in Indonesia, founded in 1990, 
which has been involved in the BX breeding program 
since 2004. The BX breeding program is supervised 
by veterinarians and trained officers so that the repro-
ductive health of cows to be used for insemination is 
well controlled, estrus can be predicted and observed 
accurately, and the insemination process can also be 
done timely and properly. Cows with reproductive 
disorders are not used in the breeding program and 
are transferred to the fattening program. The BX cows 
will be inseminated using frozen semen distributed 
from the National AI Center in Indonesia, which uses 
four bull breeds: The Brahman, Simental, Limousine, 
and Bali. The semen is distributed in liquid nitro-
gen containers with a capacity of 45 L. Before and 
after distribution, sperm motility is checked in mul-
tiple samples using a light microscope and following 
the Indonesian National Standard for sperm motility 
(>40% motility).

The first stage of the study was checking the 
AI records of each bull used in the BX breeding 
program, which was then followed by checking the 
availability of frozen semen in the storage contain-
ers at the BX breeding program. This was followed 
by tracking frozen semen with the same production 
code at the production site (AI center) that will then 
be used for further analysis. Production code is a 
code on a straw which contains information related 
to the year and serial number of frozen semen pro-
duction from a bull. Six frozen semen straws from 
eight bulls (B1-B8) with the same production code 
were available, both at the BX breeding program site 
and at the production site (AI center). These were 
used for the assessment of semen quality before and 
after distribution to the BX breeding program to 
determine if there were any changes in semen qual-
ity. The thawing of frozen semen was carried out in 
a water bath at 37°C for 30 s. The assessment done 
included the following parameters: Sperm motility, 
plasma membrane integrity (PMI), sperm viability, 
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acrosome integrity, sperm abnormalities, and sperm 
DNA fragmentation.
Sperm motility

Computer-aided sperm motility assessment was 
carried out using the SpermVision Program (Minitüb, 
Tiefenbach, Germany), and paired with Carl Zeiss 
Microimaging GmbH (Gottingen, Germany) equipped 
with a warm stage at 38°C. Aliquots (6 μL) of semen 
samples were dropped on glass slides and covered with 
a slipcover. The kinematics of around 750-1000 sperm 
cells in a total of five fields were evaluated using the 
SpermVision software program with specific settings 
for bull sperm. The kinematic parameters used are 
total motility (TM) and progressive motility (PM).
PMI

PMI was evaluated using a hypoosmotic swell-
ing test (HOS) [22]. A total of 20 μL of semen samples 
were inserted into a microtube containing 300 μL of 
HOS solution (0.735 g Na citrate, 1351 g Fructose, 
and 100 mL distilled water [DW]). The semen-HOS 
solution mixture was incubated in a water bath at 
37°C for 30 min. Examination of the integrity of the 
cryopreserved semen membrane was carried out after 
incubation by placing a drop of the semen-HOS solu-
tion mixture on an object-glass, then covered it using 
a slipcover and observed with a light microscope with 
40× objective. Sperm with intact PMI show a reaction 
in the form of a bulging or circular tail. The percent-
ages of sperm that reacted and those that did not react 
were calculated from a total of at least 200 sperm cells.
Sperm viability

Sperm viability was assessed using Eosin-
Nigrosin staining. A total of 10 μL of semen was 
placed on a glass object, then 20 μL Eosin-Nigrosin 
staining solution was added and homogenized. Sperm 
smear preparations from the mixture were made and 
dried on a heating table. Two hundred cells per slide 
of non-stained live sperm (transparent head) and dead 
sperm (redhead) were evaluated by a light microscope 
with a 40× objective [23].
Acrosome integrity

Assessment for acrosome integrity was carried 
out using trypan blue-Giemsa staining. The staining 
began by dripping semen samples and 0.2% trypan 
blue solution (0.4% trypan blue [Sigma T8154] and 
0.9% NaCl [1:1]) simultaneously. The mixture was 
then homogenized. Smear preparations were made 
and dried vertically. The preparation was fixed verti-
cally in a staining jar for 2 min in a neutral red solu-
tion (86 mL 1.0 N HCl, 14 mL formaldehyde 37%, 
0.2 g neutral red [Merck, Darmstadt, Germany]). The 
preparations were rinsed in DW and then stained with 
7.5% Giemsa (Merck, Darmstadt, Germany) in a ver-
tical staining jar for 12-20 h (overnight) at room tem-
perature. Preparations were then rinsed under running 
water, then dipped in DW for 2 min, and dried [24]. 
The assessment was carried out on 200 cells using a 

light microscope with a 40× objective. The head of 
sperm with an intact acrosome will stain purple, while 
sperm with a non-intact acrosome will be seen as pale 
or faded lavender.
Sperm abnormalities

Morphological observations of sperm were 
carried out using a modified carbol-fuchsin-eosin 
(William) staining method [25]. The smear prepara-
tions of the semen samples were fixed using Bunsen, 
then dipped in absolute alcohol for 3-4 min, then 
removed and dried. The dried slides were rinsed using 
a 2% chloramine solution for approximately 2 min 
until all mucus was removed and the semen smear 
looked clean. The slides were then washed with DW, 
followed by 95% alcohol, and then stained with car-
bol-fuchsin-eosin staining solution for approximately 
6 min. After this, the slides were washed under run-
ning water and dried. Five hundred cells per slide 
were assessed using a light microscope with a 40× 
objective.
Sperm DNA fragmentation

The determination of DNA fragmentation can be 
done indirectly by evaluating the structural changes 
within the chromatin. The examination of chromatin 
structure was carried out using the toluidine blue (TB) 
staining technique [26]. The TB staining method began 
by making a smear sample of the semen on an object-
glass. The preparation was dried and fixed by ethanol 
96%:acetone (1:1) for 60 min at 40°C. After the fix-
ation, the preparation was dried before being hydro-
lyzed in 0.1 N HCl for 5 min at 4°C. Then, 0.05% TB 
staining (dissolved in 50% MCllvaine’s citrate-phos-
phate buffer, pH 3.5) was carried out for 5 min at room 
temperature (20-25°C) after which the preparation was 
rinsed 3 times using DW. The preparation was stained, 
rinsed again with DW, and observed. Sperm heads with 
good chromatin integrity will be bright blue, while the 
sperm with fragmented chromatin will be dark blue. 
Five hundred cells per slide were assessed by a light 
microscope with a 40× objective.
Fertility rate

The fertility rate for each bull was determined 
using the success data of AI in the BX Breeding 
Program. The CR is the percentage of cows becom-
ing pregnant in one insemination procedure relative 
to the number of cows inseminated. The fertility rate 
was obtained based on 502 AI services and 478 recep-
tor cows in the field for each bull (n=8). Pregnancy 
diagnosis was carried out transrectally at 45-60 days 
after AI.
Statistical analysis

A t-test was used to compare the quality of fro-
zen-thawed semen before and after distribution. The 
relationship between frozen-thawed semen quality and 
fertility rate was determined using Pearson correlation 
analysis and linear regression. All tests used a signifi-
cance level of p<0.05. These statistical analyses were 
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performed using SPSS ver. 25.0 (IBM, Armonk, NY, 
USA) and Sigma Plot for Windows ver. 14.0 (Dundas 
Software Ltd, Germany). The results obtained were 
tabulated and presented in a mean±standard deviation 
format.
Results

There was no significant difference in total and 
progressive sperm motility (p>0.05) in frozen-thawed 
semen before and after distribution to the BX breed-
ing program, with a range of 45-81% (Table-1). The 
sperm PMI in frozen-thawed semen did not differ 
significantly before and after distribution to the BX 
breeding program (p>0.05) and ranged between 62% 
and 84% (Table-1).

Sperm viability also showed no statistically 
significant difference between frozen-thawed semen 
before and after distribution (p>0.05). (Figure-1) 
Sperm viability was in the range of 62-85% (Figure-2). 
Results of the analysis on acrosome integrity and 
sperm abnormality (Figure-1) also did not show any 
significant differences (p>0.05) in frozen-thawed 
semen between the AI center and BX breeding pro-
grams, with ranges of 81-95% and 4-9%, respectively 
(Figure-2). Less than 6% of sperm in frozen-thawed 
semen after distribution in the BX breeding program 
underwent DNA fragmentation (Figure-1), and there 
was no significant difference (p>0.05) with frozen 
semen in the AI center (Figure-2).

The outcome of the fertility analysis using the 
CR of the 502 insemination services in 478 cows 
in the BX breeding program for each bull (B1-B8), 
respectively, was 67.78%, 65.08%, 63.93%, 75.76%, 
84.13%, 79.03%, 73.53%, and 66.67% (Table-2). TM 
(r=0.986), PM (r=0.961), sperm viability (r=0.971), 
PMI (r=0.986), and acrosome integrity (r=0.992) all 
had a significant positive correlation with fertility 
rate (p<0.05) (Figure-3); while sperm abnormalities 
(r=−0.996) and sperm DNA fragmentation (r=−0.975) 
are negatively correlated (p<0.05) with fertility rate 
(Figure-4).
Discussion

Overall, there was no significant difference in the 
quality of frozen-thawed semen at the production site 

(AI center) and after being distributed to the BX breed-
ing program (p>0.05). Changes that may occur in the 
quality of frozen-thawed semen, such as impairment 
in some parameters (total and PM, viability, PMI, and 
acrosome integrity), increased sperm abnormalities 
and fragmentation of sperm DNA are likely caused 
by temperature changes that occur during the process 
of transferring frozen-thawed semen samples from 
the main storage container to smaller containers for 
shipment. Carrell et al. [19] suggested that the transfer 
of frozen-thawed semen samples between containers 
during distribution or delivery between locations will 
cause changes in temperature over a short period. This 
is often ignored, but it can cause damage and decrease 

Table-1: The results of the analysis of TM, PM, and PMI in frozen semen before and after distribution.

Bulls (n=8) TM (%) PM (%) PMI (%)

AI center BX-bp AI center BX-bp AI center BX-bp

B1 66.47±0.80 65.89±0.74 52.85±0.35 52.23±0.52 71.08±0.01 70.08±0.01
B2 61.48±2.93 60.69±2.85 48.74±1.00 47.82±0.77 66.17±0.03 65.17±0.03
B3 60.64±1.71 59.92±1.70 46.79±0.57 45.93±0.55 63.58±0.01 62.79±0.01
B4 75.26±3.02 74.71±2.95 67.12±2.29 66.43±2.19 78.42±0.01 77.42±0.01
B5 82.01±1.03 81.30±0.91 72.16±2.26 71.12±2.53 85.58±0.01 84.58±0.01
B6 80.26±0.31 79.63±0.32 69.58±2.44 68.68±2.58 82.83±0.01 81.83±0.01
B7 71.42±2.23 70.64±2.19 54.82±1.66 54.06±1.51 74.00±0.02 73.00±0.02
B8 65.69±1.48 64.81±1.41 50.05±1.06 49.24±0.90 69.00±0.01 68.00±0.01

B1-B8=Bull-1…bull-8, AI=Artificial insemination, BX-bp=Brahman Cross breeding program, TM=Total motility, 
PM=Progressive motility, PMI=Plasma membrane integrity

Figure-1: (a) Sperm viability assessment by Eosin-
Nigrosin staining. The living sperm showed a colorless-
head; the dead sperm will be colored by eosin and 
showed a redhead (arrow). (b) Sperm acrosome integrity 
assessment by trypan blue-Giemsa staining. Sperm with an 
intact acrosome showed a purple head, while a non-intact 
acrosome showed a pale or faded lavender head (arrow). 
(c) Sperm morphology assessment by carbol fuchsin eosin 
staining to distinguish between normal and abnormal 
sperm (arrow). (d) Sperm DNA fragmentation assessment 
by toluidine blue staining. Non-fragmented sperm showed 
a bright blue head, while fragmented sperm showed a dark 
blue head (arrow).
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sperm quality. Carrell et al. [19] also argued that stor-
age containers, higher frequency of transportation 
activities, and trip duration during sample distribution 
would cause temperature changes and therefore have 
an impact on the quality of the sample. On the con-
trary, Til et al. [20] reported that the distribution or 
transportation of frozen semen would not affect the 
quality of the semen as long as it remained immersed 

in liquid nitrogen at a temperature of −196°C. This 
suggests that the distribution of frozen semen in the 
current study adhered to these measures and as a 
result, we observed no alterations in the quality of 
the frozen-thawed semen. We have provided further 
evidence that as long as temperature during transit is 
maintained at −196°C and the integrity of the contain-
ers is maintained then no differences in semen quality 
will be observed between the production point and 
the field. However, other than handling and container 
management factors during distribution, several other 
factors that can affect the quality of semen must also 
be considered and regulated. These include genet-
ics [14,15], breed, age [16], environment [14,15], and 
various management factors, including nutrition and 
semen collection management until completion of the 
freezing process to when the samples are ready for 
distribution [2,24].

Fertility rates are more important in bulls than 
in cows, because one bull can be used to breed up to 
40 cows by natural mating, or potentially hundreds 
of thousands through AI programs [27]. Dalton [28] 

Table-2: The fertility rate derived from the conception 
rate (%) of the insemination of 478 cows and 502 artificial 
insemination services in the Brahman Cross breeding 
program for each bull.

Bulls (n=8) Number of 
services (straw)

Number 
of cows

Conception 
rate (%)

B1 102 90 67.78
B2 66 63 65.08
B3 61 61 63.93
B4 68 66 75.76
B5 64 63 84.13
B6 67 62 79.03
B7 34 34 73.53
B8 40 39 66.67

B1-B8=Bull-1…bull-8

Figure-2: The results of the assessment of sperm viability (a), acrosome integrity (b), sperm abnormality (c), and sperm 
DNA fragmentation (d) in frozen semen before and after distribution in the Brahman Cross breeding program.
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Figure-3: The relationship between total and progressive motility, sperm viability, plasma membrane integrity, and 
acrosome integrity with fertility rate (p<0.05) in frozen-thawed semen after distribution in the BX breeding program.

Figure-4: The relationship between sperm abnormalities and sperm DNA fragmentation with fertility rate (p<0.05) in 
frozen semen after distribution in the BX breeding program.
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revealed that the maximum fertility rate can be 
obtained from cattle with high fertility coupled with 
good, high-quality semen. The fertility rate based 
on the CR in the BX breeding program is 63-79%. 
Diskin [29] revealed that a good CR is at least 
60-70%, while Butler [14] suggests CRs of up to70% 
of all first-inseminated cows/heifers. The high CRs 
achieved in the current study are likely to be a direct 
result of good management practices implemented 
in the BX breeding program. The handling of frozen 
semen from distribution to storage is well controlled 
to maintain semen quality, sound breeding practices, 
and constant expert supervision and monitoring of 
cow reproductive health are all strategies employed 
in the BX breeding program. This particular example 
shows the level of management seen on several other 
farms in Indonesia that help maintain high pregnancy 
outcomes.

Sperm motility inherently determines sperm’s 
ability to fertilize oocytes and is thus an import-
ant characteristic in the assessment of semen qual-
ity before and after thawing [30]. Cojkic et al. [31] 
suggested that sperm motility is very closely related 
to the success of fertilization, and the findings of 
the current study support this view (Figure-3). The 
total and PM of sperm after being distributed in the 
BX breeding program show values of 45.93±0.55%-
71.12±2.53% (Table-1), which are above the recom-
mended minimum of 40% of sperm showing good 
and PM after freezing and thawing, suggested by 
Zewdie et al. [32].

Furthermore, positively correlated with fertility 
is sperm viability, which is one of the requirements 
for oocyte fertilization (Figure-3) [10,31]. The via-
bility of frozen-thawed semen after distribution in 
the BX breeding program was between 62.98±0.01% 
and 85.08±0.04% (Figure-2). According to Rasul 
et al. [33], as much as, 50% of sperm viability is lost 
after the freezing process. Schüffner et al. [34] also 
added that the level of motility and viability of sperm 
cells after the cryopreservation process can decrease 
by 25-75%. This occurs because of the pressure that 
occurs in sperm cells during the cryopreservation pro-
cess; this is caused by cellular dehydration, high sol-
ute concentrations, and changes in PMI that result in 
functional changes and structural damage [31].

PMI is essential for optimizing sperm func-
tion [35] because only sperm with intact plasma mem-
branes can survive the series of complex changes in 
the female reproductive tract and be able to fertilize 
the oocyte. The integrity of the plasma membrane 
and acrosome in the study had significant positive 
correlations with fertility rates (Figure-3). This pro-
vides evidence that sperm with intact plasma mem-
branes and intact acrosomes have higher fertilization 
abilities and high CRs. As highlighted by Graham 
and Moce [36], an intact plasma membrane and an 
undamaged acrosome are vital in the capacitation pro-
cess, the acrosomal reaction, and oocyte fertilization. 

The PMI in frozen-thawed semen after being distrib-
uted in the BX breeding program was 62.79±0.01%-
84.58±0.01% (Table-1), while acrosome integrity 
was 81.58±0.01%-95.75±0.01% (Figure-2). Given 
that the minimum standard quality of post-thawing 
frozen-thawed semen for sperm PMI is ≥40% and 
acrosome integrity is ≥65% [37], the integrity of the 
plasma membrane and acrosome membranes in the 
current study reflects semen that is considered optimal 
in its expected fertilizing ability.

High sperm abnormalities will have a negative 
impact and affect fertility [38] (Figure-4). Total sperm 
abnormalities in frozen-thawed semen after distribu-
tion in the BX breeding program were 4.03±0.01%-
9.07±0.01% (Figure-2). Ball and Peters [39] reported 
that bulls with total sperm abnormalities >17% 
would have low fertilization rates. Patel et al. [38] 
also reported that the maximum abnormalities of 
sperm in cattle were <20%, of which bulls with good 
fertility had a total abnormality ranging from 8% to 
12%. The sperm abnormalities in the current study 
are relatively low, pointing to frozen-thawed semen 
of good quality.

DNA fragmentation has an association with fer-
tility (Figure-4); high DNA damage will have a nega-
tive impact on embryonic development and decrease 
fertility [7]. The results of the DNA fragmentation 
analysis of frozen-thawed semen after field distri-
bution were 3.23±0.001%-5.93±0.01% (Figure-2). 
The fragmentation observed in bull sperm DNA is 
still within acceptable limits and can still produce 
high fertility. Bochenek et al. [40] found that fertility 
decreases in males whose chromatin is damaged or 
whose DNA fragmentation reached 10%. Other stud-
ies also mention a 15% or less DNA fragmentation in 
the semen as still being normal, while 15-25% will 
reduce fertility and semen production. DNA damage 
above 25% is considered infertile [41].
Conclusion

The study shows that to achieve the maximum 
and optimal fertility in bulls in an AI program, the 
quality of frozen-thawed semen should be considered 
in its entirety. This can certainly be achieved if the 
handling of frozen semen throughout the distribution 
channel is carried out effectively. However, vari-
ous other factors that can also affect semen quality 
such as genetics, breed, age, environment, and var-
ious management factors including nutrition, semen 
collection until the freezing process is complete and 
ready to be distributed should be considered. In addi-
tion, breeding management factors must also be fac-
tored in and controlled properly. Additional variables 
such as frozen semen storage at various temperatures, 
transportation type, storage times after distribution, 
and distribution locations with various breeding man-
agement conditions will enrich research related to the 
quality of bull semen after distribution on the field in 
the future.
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