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ABSTRACT

A bioeconomic, stochastic spreadsheet model, that 
included calculation of the net present value of the ad-
ditional value of all future descendants resulting from 
increased selection intensity, was developed to study the 
profitability of using sexed semen in a high input–high 
output dairy herd. Three management strategies were 
modeled: (1) only heifers inseminated with sex-sorted 
semen and cows inseminated with unsorted semen; (2) 
both heifers and cows inseminated with sex-sorted se-
men; and (3) a reference scenario, in which all breed-
ing females were inseminated with unsorted semen. 
A Monte Carlo simulation (@risk software, Palisade 
Corp., Ithaca, NY) was run to study the sensitivity of 
net profit and sexed semen advantage to key input pa-
rameters. Most input parameters were given truncated 
normal distributions, whereas the maximum numbers 
of inseminations in heifers and cows were given dis-
crete distribution functions. The calculated intensity of 
selection accounted for the different numbers of dairy 
females born for each of the 100,000 iterations. Using 
sexed semen (X-sorted, female) was shown to be profit-
able, with insemination of both heifers and cows be-
ing most profitable. The returns on assets were higher 
when only heifers were inseminated with sexed semen 
(8.54% ± 2.94; ±SD) or all females were inseminated 
with sexed semen (8.85% ± 2.93) than when all females 
were inseminated with unsexed semen (8.38% ± 2.95). 
The range in net profit was most sensitive to the as-
sumed distributions of milk protein price (€/kg), milk 
fat price (€/kg), cow pregnancy rate, fertilizer price 
(€/t), and concentrate price (€/t) when unsorted semen 
was used. When only heifers or both heifers and cows 
were inseminated with sex-sorted semen, the range in 
net profit was most sensitive to the same distributions, 
with fertilizer price and cow pregnancy rate in reverse 

order of sensitivity. However, the range in sex-sorted 
semen advantage (in net profit) when only heifers were 
inseminated with sex-sorted semen was most sensitive 
to the assumed distributions of cow pregnancy rate, 
sex-sorted semen pregnancy rate as a percent of unsort-
ed semen rates, standard deviation of index, additional 
cost of sex-sorted semen (€/dose), dairy bull calf price 
(€/head), and dairy heifer calf price (€/head). When 
both heifers and cows were inseminated, the order of 
importance of the last 2 inputs was reversed. This 
study highlights the relatively high effect of pregnancy 
rate and the genetic value of dairy bulls in determining 
the level of financial advantage from using sex-sorted 
semen in a dairy herd.
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INTRODUCTION

Sex-sorted semen technology is commercially avail-
able in many countries around the world, and is primar-
ily used in dairy cattle breeding. However, adoption of 
sex-sorted semen for AI in dairy cattle has been limited 
by cost, low conception rates (Hutchinson et al., 2013), 
sexing accuracy (reviewed by Butler et al., 2014; Seidel, 
2014), and in some countries the limited number of AI 
bulls available with sexed semen. Sexing technology has 
improved over the past decade and is likely to further 
improve in the future through more rapid sorting rates, 
improved conception to AI, increased sexing accuracy to 
almost 90% (Schenk et al., 2009; Healy et al., 2013), and 
decreasing relative cost of sex-sorted semen compared 
with conventional semen (Seidel, 2007). Consequently, 
the dairy industry is increasingly taking advantage of 
this innovative technology. Although a gap in fertility 
between conventional and sex-sorted bovine sperm still 
exists, the system is being continually refined to de-
velop a sex-sorted product that retains sperm integrity 
to improve post-thaw sperm quality and field fertility 
compared with unsorted semen (Gonzalez-Marin et al., 
2016; Lenz et al., 2016).
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Sperm are sorted by flow cytometry based on a 4% 
difference in DNA content between sperm containing X 
and Y chromosomes. Despite reliably producing a 90% 
sex bias, the fertility of the sex-sorted semen product 
is lower than that of conventional semen (DeJarnette 
et al., 2011). The negative implications of the reduced 
fertility of sex-sorted semen are amplified in grass-
based seasonal systems of dairy production, in which a 
compact calving pattern is essential to maximize milk 
production from grazed grass compared with nonsea-
sonal dairy production systems. Conception rates to 
first service with frozen-thawed sex-sorted semen are 
typically 75 to 80% of those achieved with conventional 
frozen-thawed semen (DeJarnette et al., 2009). How-
ever, in a recent large-scale pasture-based study, con-
ception rates 87% of those achieved with conventional 
semen were reported (Butler et al., 2014). Sex-sorted 
semen may facilitate faster, more profitable, dairy herd 
expansion by increasing the number of dairy heifer re-
placements born (Hutchinson et al., 2013). Biosecurity 
can be improved by maintaining a closed herd during 
the period of herd expansion. In a nonexpansion sce-
nario, sex-sorted semen may be used to increase the 
value of beef output from the dairy herd because fewer 
cows would be required to produce dairy replacements. 
The remainder of the herd could be bred to beef breed 
bulls with short gestation lengths. In addition, genetic 
response to selection could be improved through an 
increase in selection intensity. Ettema et al. (2011) 
showed that the improved genetic progress from the 
use of sex-sorted semen helped offset the losses caused 
by lower conception and estrus detection rates and 
had a minimal effect on postponing first insemination. 
Underlining the importance of the effect of sex-sorted 
semen on genetic merit in dairy herds, Ettema et al. 
(2017) reported that none of the scenarios modeled 
were profitable under Danish circumstances when the 
financial (profit) advantage from the increased genetic 
merit was not included.

Many factors including market, type of production, 
and other circumstances can affect the potential sex-
sorted semen advantage (SSA); that is, the increased 
net profit (NP) or return on assets (ROA) achieved 
compared with using conventional semen. Hohenboken 
(1999) suggested combining sex-sorted semen with a 
crossbreeding program to maximize revenue from the 
herd’s nonreplacement (sale) calves. Butler et al. (2014) 
suggested that the use of sex-sorted semen should be 
restricted to well-managed seasonal grazing herds that 
already achieve acceptable herd fertility performance.

Sex-sorted semen advantage depends on the mar-
ket environment (e.g., prices and costs), management 
practices (e.g., breeding program), and technological 
efficiency (e.g., conception rate and accuracy of sexing 

semen). Previous studies have examined the indepen-
dent influence of markets, such as milk or heifer prices 
(De Vries et al., 2008); management changes, such as 
conception rate and number of inseminations (Olynk 
and Wolf, 2007); and technology changes, such as pro-
ducing genetically better-quality replacement heifers 
(Seidel and Garner, 2002). Heikkilä and Peippo (2012) 
used a linear programming approach and found the op-
timum economic combination for a Finnish 60-cow herd 
was to inseminate 10 heifers and 22 cows with unsorted 
semen, 8 heifers with sex-sorted semen, and to use 20 
cows as embryo donors, which was the upper constraint 
for this technique.

Khalajzadeh et al. (2012) used stochastic simulation 
to study the effects of sex-sorted semen on genetic 
progress and reproductive performance of dairy cows. 
Three strategies were compared in that study: unsorted 
semen in cows and heifers (U); sex-sorted semen in heif-
ers and unsorted semen in cows (H); and sex-sorted 
semen in both cows and heifers (CH). The widespread 
use of sex-sorted semen increased the average age of 
cows in all parities. Sex-sorted semen increased selec-
tion intensity in the milking cows’ selection path, and 
this contributed to the genetic merit of future cows. 
On the other hand, sex-sorted semen had a negative 
effect on the reproductive performance of dairy cows. 
Generally, although the effect of widespread use of sex-
sorted semen (CH) on genetic progress was significantly 
more than when its use was limited (H), CH decreased 
reproductive performance of dairy herds dramatically, 
and they suggested that H scenarios might be more 
appropriate in animal breeding programs.

De Vries (2017) stated that when genetic progress 
is not considered, sex-sorted semen is only profitable 
in the United States when the value of a heifer calf 
is at least $400 more than the value of a bull calf. 
The value of sex-sorted semen does not vary much per 
service number in heifers; therefore, if a second service 
with sex-sorted semen is not considered profitable, the 
first service is, at best, marginally profitable. De Vries 
(2017) suggested that sex-sorted semen is not profitable 
in US dairy cows unless the fertility is almost equal to 
that of conventional semen. Clearly, estimates of the 
profit advantage of using sex-sorted semen are sensitive 
to factors such as the price differential between female 
and male calves and differences in costs and conception 
rates for sexed versus unsorted semen. In addition, if 
the genetic merit of animals is known, sex-sorted semen 
is most likely to have a profit advantage when used on 
genetically superior animals, whereas it may offer little 
profit enhancement when used on genetically inferior 
animals. Therefore, the value of genetic information 
increases when sex-sorted semen is used.
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