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The use of sexed semen is highly attractive for cattle breeders who want to considerably 

increase the number of female calves born in a herd.  Today, the proportion of female 

calves obtained after insemination with X-bearing sexed semen is around 90%.  Semen-

sexing technology is subject to continuous improvement, but it still offers lower 

conception rates (fertility) compared to conventional semen.  The main reason is 

reduced quality of spermatozoa, which are exposed to technological stress factors 

during sexing.  Therefore, it is of paramount importance that their in vitro quality can 

be accurately assessed.  Standard sperm assessment methods such as motility, 

morphology and survival have many limitations, and their results correlate with 

sperm’s fertilizing capacity only to a certain extent.   For this reason, it is necessary to 

use modern semen assessment methods to provide a more accurate basis for 

determining semen fertility in vivo. 
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An interest in methods of animal sperm separation has been noted since the 

wide introduction of insemination to cattle breeding practice.  At the beginning, the 

main barrier was lack of reliable and rapid methods of identification of sperm 

“gender” and the possibility of effective separation of the recognised fractions. In 

the majority of mammal species, the Y chromosome is the smallest or one of the 

smallest elements in the whole set.  The majority of methods that have been applied 

to recognize the X and Y chromosome-bearing spermatozoa consisted in using the 

differences in structure and size between these two chromosomes. 

For some time, the most popular has been the possibility of spermatozoa 

separation using flow cytometry. An idea of applying it to sperm separation 

according to “gender” arose in the early 1980s, when Pinkel et al. (1982) discovered 

a possibility of precise measurement of DNA and differences of its content between 

the X- or Y-chromosome bearing spermatozoa. The investigators stained the fixed 

spermatozoa from several mammal species with ethidium bromide, mithramycin or 
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DAPI (4’,6-diamidine-2-phenylindole). Similar studies with the use of Hoechst 

33342 fluorochrome (bis-benzimidazole) were conducted by Keeler et al. (1983). 

This dye, which is currently used in semen sorting, easily penetrates through the 

undamaged membranes of living cells, stoichiometrically binds to DNA in the 

region of A-T base pairs, and fluorizes at wavelength of 450 nm after induction with 

ultraviolet light.  

Completely effective separation of spermatozoa was performed in rabbit semen 

in the late 1980s (Johnson et al., 1989). Re-analysis of fresh rabbit semen stained 

with Hoechst 33342 demonstrated that the accuracy of separation amounted to 86% 

in case of “female” spermatozoa and 81% in case of “male” spermatozoa. The 

separated spermatozoa were surgically introduced to uterus of does.  Approximately 

28% of births were obtained and the offspring born after the insemination with the X 

fraction was in 94% of female gender and after the insemination with the Y fraction 

– in 81% of male gender. Slightly worse results were achieved in case of sorting 

boar semen (Johnson, 1991). In this case, the effectiveness of separation was 

assessed based on re-analysis and surgical insemination of sows as well. The 

percentage of female piglets after insemination with the “female” fraction amounted 

to 74%, whereas the percentage of male piglets after the insemination with “male” 

fraction was – 68%. The above-mentioned studies demonstrated that there is a real 

possibility of sperm separation according to the determined sex.  However, at the 

same time, these studies indicated that there are some significant restrictions of the 

method, among which the most important was quite low sorting speed, amounting to 

on average 100–200 cells/second. Apart from low effectiveness of sorters 

themselves, this speed was also indirectly affected by a specific, flat shape of 

spermatozoa head that caused a phenomenon of uneven optical density and some 

kind of fluorescence lensing.  It consists in diffraction of fluorescence derived from 

the inside to the edges of spermatozoa head. Thus, the fluorescence is not evenly 

distributed around the whole head, but is lensed in directions close to is surface.  In 

case of quantitative analyses of spermatozoa DNA, where the expected differences 

in fluorescence are slight, this phenomenon is extremely unfavourable. Spermatozoa 

flowing in the point of analysis stand towards the detectors randomly, so differences 

in fluorescence intensity resulting from its lensing completely “extinguish” the 

differences caused by the actual amount of DNA in a cell. This phenomenon 

required the application of special modifications to flow cytometers consisting in a 

change of shape of the exhaust nozzle and reading the fluorescence of spermatozoa 

DNA by two detectors set at the angle of 90°, simultaneously. The nozzle modified 

in such a way caused flattening of the stream of liquid with spermatozoa to the form 

of a ribbon, so their heads were set mainly on the same surface, whereas transferring 

the detector enabled to read DNA fluorescence also from the remaining part of 

“improperly” set spermatozoa. 

The effect of a dye and laser light inducing it on fertilizing potential of sexed 

spermatozoa and further embryo development is still an important issue. As it has 

been already mentioned, the fluorochrome applied for semen separation is Hoechst 

33342, induced by UV at wavelength of 350 nm. In bull spermatozoa stained with 
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the use of this compound, a slight decrease in the ability to in vitro insemination was 

observed, but it did not concern all the analysed ejaculates. However, the initially 

raised reservations concerning chromosome damages or offspring defects as a result 

of insemination with stained spermatozoa were not confirmed (Smorąg et al., 1993).  

Also, the studies on the effect of UV light beam on spermatozoa did not confirm the 

previous reservations (Guthrie et al., 2002). 

Currently used flow cytometers specialized in semen sexing use the above-

described and improved modifications together with modern electronics.  This 

enable to achieve good visualization and separation of the X and Y spermatozoa at 

the flow of approximately 40,000 cells per second and to obtain about 15-20 million 

of spermatozoa of fraction purity above 90% within one hour. Such semen is 

typically frozen in straws, in portions containing 2-2.5 million of spermatozoa. After 

thawing the semen, the percentage of spermatozoa with progressive movement 

usually amounts to 50-60%. However, fertilizing potential of the sexed semen of 

bulls is lower compared to the non-sexed semen, for two reasons. One of them is 

lower number of spermatozoa in the insemination dose, and the second one is 

spermatozoa damage that occurs during the sorting process.  In the majority of bulls, 

an important role is played by these both factors, but it has not been established yet 

which one of them plays the greater role (Seidel, 2014). However, it has been 

demonstrated that there are great differences in the effectiveness of insemination 

between bulls after using low doses of spermatozoa in the sexed semen (DeJarnette 

et al., 2010; 2011). 

Studies on the interactions between semen quality and its fertilizing potential 

are conducted with the use of more and more technically advanced methods. In the 

previous studies, the following parameters were assessed: spermatozoa viability 

(Gillan et al., 2008; Christensen et al., 2011), cell membrane integrity (Oliveira et 

al., 2013; Ahmed et al., 2016), capacitation (Alm et al., 2001; Gillan et al., 2008), 

acrosome status (Christensen et al., 2011), mitochondrial activity (Ahmed et al., 

2016), IVF (Ward et al., 2001), mucus penetration ability (Al Naib et al., 2011), 

level of reactive oxygen species (Sellem et al., 2015) and chromatin/DNA integrity 

(Gillan et al., 2008; Ahmed et al., 2016). In spite of the fact that many of these 

studies were correlated with fertility, there is not an in vitro assessed individual 

feature that will be able to predict fertility reliably enough. This indicates the 

necessity of introducing a multivariate approach to this issue. It is confirmed in the 

studies by Sellem et al. (2015) who demonstrated that a combination of computer-

aided analysis of spermatozoa movement and cytometric assessment (viability, 

condition of chromatin and acrosomes, oxidative stress, mitochondrial activity) may 

better explain (however, in this case only in 40%) differences in fertility. Thus, it is 

obvious that additional studies considering new quality parameters are required.  

Recent results of studies (Holden et al., 2017) indicate that the assessment of 

fertilizing potential of the sexed semen may require the application of other markers 

than in case of the non-sexed one. Apoptotic markers that were correlated with 

fertilizing potential of the sexed semen in vitro may be useful in this case (Zhao et 

al., 2014). The application of chemiluminescence methods whose sensitivity is 
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significantly higher compared to commonly used fluorescent methods seems 

promising as well (Gogol et al., 2009). 

Character of damages of sexed spermatozoa has not been explained enough yet. 

There are many assumptions, including a possibility of spermatozoa tail stretching in 

a drop that is formed in nozzle opening or slowing down the progression of the first 

cell cycle between the fertilization and the first cell division, as a result of permanent 

binding of Hoechst 33342 dye with sperm (Seidel, 2012). The previous studies 

indicate a decreased spermatozoa motility after sexing, damages within cell 

membrane and acrosome and lack of chromatin damage (Boe-Hansen et al., 2005; 

Suh et al., 2005; Mocé et al., 2006; Carvalho et al., 2010). Unfortunately, the effect 

of spermatozoa damages on fertility may be only partially compensated by 

increasing their number in the insemination dose (DeJarnette et al., 2010, 2011). In 

herds that are properly managed, the application of a dose of 2 million spermatozoa 

usually results in a fertility at the level of 75-85% compared to control group 

inseminated with a standard dose of non-sexed semen. Due to the above, the highest 

cost paid by a breeder as a result of using sexed semen is lower fertility. 

The method of sex regulation by dividing the X and Y spermatozoa has become 

widely used in cattle breeding.  Despite higher costs of purchasing sexed semen and 

its lower fertility, breeding and economic profits that result from obtaining calves of 

the desired sex are high enough to render this technology profitable. It should be 

expected that in the following years sexed bull semen will become more widely used 

in Poland as well. 
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Sexed semen. Reasons for reduced fertility and the possibility of accurate quality assessment 
 

SUMMARY 

 
 
The use of sexed semen is highly attractive for cattle breeders who want to considerably increase the 

number of female calves born in a herd. Today, the proportion of female calves obtained after 

insemination with X-bearing sexed semen is around 90%. Semen-sexing technology is subject to 

continuous   improvement, but it still offers lower conception rates (fertility) compared to conventional 

semen. The main reason is reduced quality of spermatozoa, which are exposed to technological stress 

factors during sexing. Therefore, it is of paramount importance that their in vitro quality can be 

accurately assessed. Standard sperm assessment methods such as motility, morphology and survival 

have many limitations, and their results correlate with sperm’s fertilizing capacity only to a certain 

extent. For this reason, it is necessary to use modern semen assessment methods to provide a more 

accurate basis for determining semen fertility in vivo. 
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