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Abstract
The selection of offspring from the desired sex
can be one of the determining factors to increase the
genetic progress and farmer´s profitability in either beef
or dairy cattle. In fact, the use of sex-sorted sperm has
been applied worldwide combined with artificial
insemination (AI) upon estrus detection in heifers.
Additionally, several researches have been performed
aiming to investigate the use of sex-sorted sperm during
timed AI (TAI) programs and for insemination of
superstimulated donors for in vivo embryo programs.
Pregnancy per AI (P/AI) of cyclic heifers inseminated in
estrus with sex-sorted sperm has been reported to be
approximately 75 to 80% of the P/AI of heifers
inseminated with non-sorted sperm. Insemination of
superstimulated cows with sex-sorted sperm has been
reported to reduce the production of viable embryos.
Recently, however, it has been demonstrated that P/AI
and embryo production per flushing resulting from AI
with sex-sorted sperm may be improved when the time
of AI is postponed in relation to the time of AI with
non-sorted sperm. The P/AI of non stimulated females
and fertilization rates and number of embryos recovered
from superstimulated females were increased when AI
occurred between 16 and 24 h after the onset of estrus
(i.e. 6 to 14 h before ovulation). Nonetheless, despite
the improvements achieved in the last decade, there is
still a significant individual variability in fertility among
bulls that have their sperm sex-sorted. It is critical that
the pre-determination of the sire fertility is a paramount
when sex-sorted sperm is utilized in commercial AI and
ET programs. Thus, the aim of this review is to discuss
the main concepts related to the use of sex-sorted sperm
in TAI and ET programs, addressing some strategies to
increase the efficiency of the technique.
Keywords: bovine, fertility, reproduction, sexed semen,
sorting technique.
Introduction
Sex-sorting of sperm cells by flow cytometry is
an established method that has been commercially used
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in cattle (Seidel, 2007; Garner and Seidel, 2008; Rath et
al., 2013). This technology is an important tool for the
dairy and beef industry, leading to greater supply of
replacement heifers and the consequent hastening on
genetic gain (De Vries et al., 2008; Chebel et al., 2010).
Specific in beef farms, the use of sex-sorted semen
could increase the incidence of male calves, product of
greater interest due to the increased meat production
potential. The separation of sperm bearing X and Y
chromosomes is possible due to the differences on the
DNA content of these cells (X bearing sperm has about
4% more genetic material than Y bearing sperm)
identified by flow cytometry (Johnson, 2000).
The sex sorting process by flow cytometry is
the most efficient method to separate X from Yspermatozoa in a large scale (Garner and Seidel, 2008;
Rath et al., 2013; Seidel, 2014). Advances in semen sex
sorting have enabled incorporation of this technology
into commercial operations (De Vries et al., 2008;
Norman et al., 2010). Despite the significant advances
in sex-sorting sperm using flow cytometry in cattle,
lower pregnancy per AI (P/AI) and reduced in vivo
embryo production is achieved when compared to the
rates obtained with non sex-sorted sperm (Schenk et al.,
2006, 2009; Larson et al., 2010; Sales et al., 2011;
Soares et al., 2011; Sá Filho et al., 2012; Seidel, 2014).
The considerable interest in sex-sorting technology
worldwide provides several research opportunities and
challenges associated to the use of this product in farms.
The aim of this review is to bring into focus a summary
of our current understanding on the use of sex-sorted
sperm in AI and ET programs, as well as strategies to
optimize the efficiency of these combined technologies.
Fertility after the use of sex-sorted sperm in cattle
Despite the advances in sex-sorting of sperm
using flow cytometry, lower P/AI is currently observed
when compared with conventional semen (DeJarnette et
al., 2009, 2010, 2011; Sales et al., 2011; Sá Filho et al.,
2012). The P/AI of females inseminated with sex-sorted
sperm may be influenced by their reduced lifespan in
the uterus (Maxwell et al., 2004), reduced number of
sorted sperm per straw (Seidel and Schenk, 2008;
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Schenk et al., 2009; DeJarnette et al., 2011) and bullrelated fertility (Frijters et al., 2009; Sá Filho et al.,
2010a; DeJarnette et al., 2011; Sales et al., 2011). The
reduced lifespan of the sex-sorted sperm in the female
reproductive tract, due to mitochondria modification
and DNA fragmentation, could alter the optimum
interval to perform AI relative to ovulation (Maxwell et
al., 2004; Sá Filho et al., 2010a; Gosálvez et al.,
2011;Sales et al., 2011; Rath et al., 2013).
In a combination of several experiments, Seidel et
al. (1999) observed that the P/AI of heifers vary from 40 to
68% and from 67 to 82% in those females inseminated
with sex-sorted and non-sex-sorted sperm, respectively.

Also, Seidel and Schenk (2008) observed a lower P/AI
when using sex-sorted sperm (31 to 42%) than non
sex-sorted sperm (43 to 62%). In zebu females (433 heifers
and 230 non-suckling cows) inseminated with male-sexed
sperm following estrus detection (Dominguez et al., 2011),
lower P/AI was observed when AI was performed using
sex-sorted sperm (38.8%; 131/338) than non sex-sorted
sperm (57.9%; 188/325). Despite lower P/AI described in
the literature in cattle inseminated using sex-sorted sperm;
there is consensus that fertility of heifers inseminated upon
estrous detection using sex-sorted sperm is about 70 to
80% of the P/AI obtained following the use of
conventional semen (Table 1).

Table 1. Pregnancy per AI (P/AI) of females inseminated with non sex-sorted or sex-sorted sperm and the pregnancy
proportion obtained by sex-sorted sperm based on non sex-sorted sperm.
Pregnancy per AI based on type of semen
used in AI
Non sex-sorted %
Sexed
Proportion
Reference
Breed
Category
(n/n)
% (n/n)
%
Timed Artificial insemination
Beef
Cows
54.2 (232/428)
45.4 (193/425)
83.7
Sá Filho et al., 2012
Beef
Cows
54.7 (134/245)
45.9 (113/246)
83.9
Sá Filho et al., 2012
Beef
Cows
51.8 (100/193)
41.8 (82/196)
80.7
Sales et al., 2011
Beef
Cows
55.3 (105/190)
40.9 (79/193)
74.0
Sales et al., 2011
Souza et al., 2006,
Dairy
Cows
27.1 (44/162)
13.0 (21/161)
48.0
FMVZ/USP, São Paulo,
Brazil, unpublished data
Artificial insemination with estrus detection
Beef
Heifers
67.6 (96/142)
Beef
Heifers
67.0 (85/126)
Beef
Cows and Heifers
57.9 (188/325)
Dairy
Heifers
60.0 (1375/2292)
Dairy
Cows and Heifers
37.7 (160/426)
56.0
Dairy
Heifers
(30082/53718)
Dairy
Cows and Heifers
37.4 (34/91)
Dairy
Cows
46.0 (69/149)
Dairy
Heifers
60.0 (74/124)
Dairy
Heifers
62.0 (163/263)
Overall

53.7 (130/242)
52.6 (129/245)
38.8 (131/338)
38.0 (881/2319)
22.9 (51/223)

79.4
78.5
67.0
63.3
60.7

Seidel and Schenk, 2008
Seidel and Schenk, 2008
Dominguez et al., 2011
DeJarnette et al., 2011
Mellado et al., 2010

45.0 (17893/39763)

80.3

DeJarnette et al., 2009

28.8 (38/132)
21.0 (33/157)
46.7 (114/244)
42.1 (225/534)

77.0
45.6
77.8
67.9

Bodmer et al., 2005
Andersson et al., 2006
Seidel and Schenk, 2008
Seidel and Schenk, 2008

44.3%
(20113/45418)

79.1

56.0%
(32941/58874)

In lactating dairy cows, a recent retrospective
study demonstrated that the use of sex-sorted sperm for
AI of US Holstein cows (10.8 million AI) was able to
achieve mean P/AI about 25% (Norman et al., 2010).
Andersson et al. (2006) reported that the average P/AI
was 21% with sex-sorted sperm and 46% with non
sex-sorted sperm in dairy cows. Schenk et al. (2009)
verified that lactating dairy cows achieved ~25% of
P/AI when using sex-sorted sperm and ~37% with non
sex-sorted sperm. Other recent study (DeJarnette et al.,
2010), evaluated the use of different doses of sex-sorted
sperm and non sex-sorted sperm in lactating dairy cows.
The P/AI of lactating cows were 23, 25, and 32%
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following the use of 2.1 and 3.5 × 106 sex-sorted sperm
dosages and 15 × 106 conventional, respectively. Also,
in other recent study working with crossbred Bos
indicus x Bos taurus lactating dairy cows, Sá Filho et al.
(2013) reported lower P/AI in cows receiving AI using
sex-sorted sperm following TAI (21.4%) than cows bred
upon estrus detection (31.7%).
In brief, the P/AI observed following the use of
sex-sorted sperm is dependent on the P/AI normally
observed following the use of conventional semen.
Thus, similarly to what is observed when conventional
semen is used, P/AI of females inseminated with
sex-sorted semen is dependent on fertility of the bulls,
Anim. Reprod., v.11, n.3, p.217-224, Jul./Sept. 2014
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animal categories (lactating cows or cyclic heifers), and
management across different farms. Consequently, the
major commercial recommendation for the use of sexsorted sperm still has been in heifers after detection of
estrus, especially due to their higher fertility (DeJarnette
et al., 2009; Norman et al., 2010; Healy et al., 2013).
Improving the
insemination

P/AI

by adjusting

the

time

of

The optimal time at which insemination should
take place relative to ovulation depends primarily on the
lifespan of spermatozoa and the viability of the oocyte
in the female genital tract (Hunter and Wilmut, 1984).
Dransfield et al. (1998) and Roelofs et al. (2006)
demonstrated that the probability of P/AI decreased
when AI using non sex-sorted sperm is performed closer
to the moment of ovulation. According to Roelofs et al.
(2006), fertilization drastically decreases when AI with
conventional semen occurs after ovulation.
Our research group performed a study to
evaluate different times to perform AI using sex-sorted
sperm. Thereby, Jersey heifers (n = 638) were
inseminated following estrus detection using radio
telemetry (Heat Watch®) in different intervals from onset
of estrus to insemination (12 to 16 h; 16 to 20 h; 20 to 24 h
and 24 to 30 h) . The P/AI of heifers inseminated from 12
to 16 h after the onset of estrus (37.7%; 40/106) was
lower (P = 0.03) than those inseminated from 16.1 to 20 h
(51.8%; 85/164) and 20.1 to 24 h (55.6%; 130/234). No
differences were observed on P/AI for heifers
inseminated from 24.1 to 30 h (45.5%; 61/134) when
compared to the other interval groups.
Therefore, increasing the interval from the
onset of estrus to AI may increase pregnancy rates when
using sex-sorted semen. This could be achieved by
increasing the frequency of estrus detection or using
methods that allow continuous monitoring of cow
activity, e.g. mount monitoring systems. Furthermore, it
is important to note that the effect of timing of
insemination on pregnancy rate could be more
pronounced when using sex-sorted sperm from bulls
less tolerant to the sorting process.
In Brazil, it has been recently reported that
almost 60% of the AI performed in this country are
made at fixed time (Baruselli et al., 2012). For this, the
use of a P4/progestin plus E2 based TAI protocols has
been the most commercially used type of fixed-time
synchronization protocol (Baruselli et al., 2012). In
these ovulation synchronization protocols, an
intravaginal device containing P4 or an ear implant
containing norgestomet and estradiol benzoate (EB;
2mg i.m.) are administered on day 0; an injection of
prostaglandin (PG) F2α on day 8 or 9 at the moment of
device withdrawal plus 300 to 400 IU of equine
chorionic gonadotropin (eCG). Different ovulation
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inducers with similar efficiency could be used such as
estradiol cipionate (EC; 0.5 mg i.m.) at moment or EB
(1mg i.m.) 24 h after the P4/progestin implant removal.
Timed artificial insemination usually is performed from
48 to 54 h after P4/progestin source removal (Baruselli
et al., 2012). A possibility to improve P/AI following
the use of sex-sorted sperm is to control the variation in
the time of ovulation through the use of ovulation
synchronization protocols. For instance, in beef and
dairy females, P4/E2 based synchronization protocols
induce ovulation 70-72 h after the P4 device removal
(Souza et al., 2009; Sales et al., 2011; Baruselli et al.,
2012).
Because sex-sorted sperm presents lower
viability on the reproductive tract than conventional
semen (Maxwell et al., 2004), our research group has
evaluated P/AI following delayed AI using sex-sorted
sperm in heifers. In a first study, Sales et al. (2011)
inseminated 420 cyclic Jersey heifers at either 54 or 60
h after P4 device removal, using either sex-sorted (2.1
million of sperm) or non sex-sorted sperm (20 million
of sperm) from three sires. The interaction between time
of AI and type of semen tended (P = 0.06) to affect
P/AI. Delayed insemination improved P/AI only when
sex-sorted sperm was used (TAI 54 h = 16.2%; 17/105
vs. TAI 60 h = 31.4%; 32/102). In contrast, altering the
timing of AI did not affect P/AI with non sex-sorted
sperm (TAI 54 h = 50.5%; 51/101 vs.TAI 60 h = 51.8%;
58/112). Based on these results, Sales et al. (2011) used
the same experimental design in suckled Bos indicus
cows. Timing of AI did not improve P/AI of cows
receiving sex-sorted semen and the interaction between
time of AI and type of semen did not affect P/AI [Non
sex-sorted TAI 54 h = 48.4% (n = 95) vs. Non sexsorted TAI 60 h = 55.1% (n = 98) and Sex-sorted TAI
54 h = 37.4% (n = 99) vs. Sex-sorted TAI 60 h = 46.4%
(n = 97)]. Finally, the same authors evaluated the
moment of insemination using sex-sorted sperm relative
to the moment of ovulation in suckled Bos indicus cows
(n = 339). In this study, cows were randomly assigned
to receive TAI with sex-sorted sperm at 36, 48, or 60 h
after P4 device removal. Ovarian ultrasound
examinations were performed twice daily in all cows to
verify the moment of ovulation. Ovulation occurred, on
average, 71.8 ± 7.8 h after P4 removal, and greater P/AI
was achieved when insemination was performed closer
to ovulation. Higher P/AI (37.9%, 36/95) was observed
for TAI performed between 0 and 12 h before ovulation,
whereas P/AI was significantly lower for TAI
performed between 12.1 and 24 h (19.4%, 21/108) or
>24 h (5.8%, 5/87) before ovulation.
Therefore, improvement on P/AI with delayed
time of AI is possible (Table 2), and seemed achievable
when breeding is performed 60 h after progestin implant
removal compared with the standard 54 h normally used
in TAI protocols.
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Table 2. Influence of the AI moment, diameter of the largest follicle (LF) and presence of corpus luteum (CL) on the
pregnancy rate of heifers and cows submitted to synchronization of ovulation protocols.
Pregnancy per AI % (n/n)
Reference
Animal category
Early AI time
Late AI time
P value
Schenk et al. (2009)
Angus heifers
34.4 (11/32)
48.6 (17/35)
>0.10
Neves (2010)
Nelore cows
20.8 (27/130)
30.9 (38/123)
<0.05
Sales et al. (2011)
Nelore cows
42.8 (100/193)
50.8 (99/195)
0.11
Sales et al. (2011)
Jersey heifers
16.2 (17/105)
31.4 (32/102)
<0.01
Overall (early and late AI time)

33.7 (155/460)

Targeted use of sex-sorted sperm in females with a
greater likelihood of pregnancy
The size of the dominant follicle at the end of
the synchronization of ovulation protocol and the
occurrence of estrus from progesterone source removal
to the TAI have been reported to influence P/AI (Perry
et al., 2005, 2007; Sá Filho et al., 2010b, 2011, 2012).
Thus, the targeted use of sex-sorted sperm in females
presenting larger follicle (LF) diameter at TAI and those
displaying estrus following the synchronization protocol
(e.g. greater likelihood of pregnancy) could be
important tools to optimize the use of sex-sorted sperm
in TAI synchronization programs.
To evaluate the LF diameter at TAI and the
occurrence of estrus following TAI programs as the
selective criteria to use sex-sorted sperm, Sá Filho et al.
(2012) performed two trials using suckled Bos indicus
cows. In the first trial, the authors showed an interaction
between the type of sperm and LF diameter at the time
of TAI (non sex-sorted ≥9 mm = 58.9%a, 126/214;
non sex-sorted <9 mm = 49.5%b, 106/214; sex-sorted
≥9 mm = 56.8%ab, 134/236; and sex-sorted <9 mm =
31.2%c, 59/189; abcP < 0.05). In the second trial, suckled
zebu cows inseminated with sex-sorted sperm (45.9%,
113/246) presented lower P/AI than those receiving non
sex-sorted sperm (54.7%, 134/245). However, recent study
(Thomas et al., 2014) indicated an alternative approach for
the sex-sorted semen use. The authors showed that when
using sex-sorted semen with delayed AI by 20 h from the
standard FTAI among cows that failed to express estrus,
pregnancy rates (36%) were comparable (P = 0.9) to those
achieved using conventional semen at the standard time
(37%). Though, different than beef cattle, the strategy to
select most fertile dairy cows has presented conflicting
results. In a recent study with lactating dairy cows
synchronized with the Ovsynch protocol, Karakaya et al.
(2014) compared the P/AI after TAI with sex-sorted
sperm (n = 148) or non sex-sorted sperm (n = 154)
when only cows with a follicle size between 12 and 18
mm and clear vaginal discharge at the time of AI were
inseminated. The P/AI was lower for cows inseminated
with sex-sorted sperm (25.7%) compared with non
sex-sorted sperm (39.0%). The authors suggested that,
in lactating dairy cows, sex-sorted sperm produced
lower fertility results when compared to conventional
semen, even when using some selection criteria for the
220

40.9 (186/455)

<0.01

most potentially fertile cows.
Therefore, at least for beef cattle, the LF diameter
at TAI and the occurrence of estrus can be used as
selection criteria to identify cows with greater odds of
pregnancy to receive sex-sorted sperm in TAI programs.
However, additional studies are required to precisely
evaluate these strategies in lactating dairy cows.
Use of sex-sorted sperm in embryo transfer programs
The determination of factors that alter the
embryo quality in superovulated cows could determine
improvements in ET programs (Santos et al., 2008;
Sartori et al., 2009), and provide tools to overcome the
low fertility under certain physiological conditions
(Baruselli et al., 2009, 2011; Stewart et al., 2011).
The possibility to choose the sex of the offspring
in a herd in species of economic interest is a much
desired goal in animal production. The benefits of early
identification of sex in the acceleration of the genetic
progress, when associated with AI and/or ET techniques,
were reported by some authors (Taylor et al., 1985).
Although the pre-implantation diagnosis
aiming to identifying the sex of bovine embryos by
PCR, both produced in vivo and in vitro, has been
consolidated for human with no deleterious influence on
conception (Hasler et al., 2002), the ideal method of
controlling the sex ratio appears to be the sex-sorting
sperm, through the separation of X-bearing sperm that
from Y-bearing sperm. Once fully developed, this
technique would allow selecting the sex by AI or other
biotechnologies, with a much higher impact on animal
production than the identification of embryonic sex, as
this does not increase the number of embryos of the
desired sex (Sartori et al., 2004).
One of the first studies to evaluate the
feasibility of using sex-sorted sperm in superovulation
programs was conducted by Sartori et al. (2004). The
advantage of this study was the use of equal amounts of
sperm by treatment (sex-sorted sperm or non sex-sorted).
At the end of the superovulation protocol, Holstein
heifers were randomly allocated to one of three
treatments and inseminated once with sex-sorted sperm
containing 20 million of sperms 12 h after estrus
detection (S20-1X); twice with sex-sorted sperm
containing 10 million of sperms, 12 and 24 h after estrus
detection (S10-2X); and twice with non sex-sorted
Anim. Reprod., v.11, n.3, p.217-224, Jul./Sept. 2014
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sperm containing 10 million of sperms, 12 and 24 h
after estrus (NS10-2X). When sex-sorted sperm was
used, number and percentage of fertilized and viable
embryos recovered per flush was similar between the
S20-1X and S10-2X group, but lower than in the U10-2X
group. In addition, heifers bred with X-sorted sperm had
an increase in the percentage of degenerate embryos
when only fertilized structures were included in the
analysis (Table 3). Differently, Peippo et al. (2009)
observed no differences in superstimulated Holstein heifers
on the number of embryos/ova per flushing (6.4 ± 4.2 vs.
8.6 ± 6.5; Mean ± SD), percentage of transferable
embryos (53.9 vs. 65.6%) and percentage of unfertilized
structures (21.1 vs. 10.6%) for sex-sorted and non
sex-sorted sperm, respectively. In superstimulated cows
inseminated with sex-sorted sperm, no differences were
observed in the number of embryos/ova per flushing
(10.4 ± 9.6 vs. 9.4 ± 6.7; Sex-sorted and non sex-sorted
sperm, respectively). However, marked differences were
demonstrated in the percentage of transferable embryos
(21.1 vs. 64.5%) and the percentage of unfertilized
structures (56.0 vs. 14.4%) for sex-sorted and non sex-sorted
sperm, respectively. It is noteworthy that in this study, the
dose of conventional semen was 15 million of sperm and
of sex-sorted sperm was 2.1 million of sperm.
Moreover, the females were inseminated up to 4 times
(9 to 15 h intervals), for a total range of 6 to 8 million of

sex-sorted sperm and 30 to 45 million of non sex-sorted
sperm. Soares et al. (2011) conducted a study that
involved two experiments that evaluated different times
of insemination (12 and 24 h or 18 and 30 h after
ovulation induction) and two types of sperm (sex-sorted
= 4.2 million of sperm/AI or non sex-sorted = 40 million of
sperm/AI) in Nelore (Bos indicus) and Holstein (Bos
taurus) superstimulated cows. The aim was to evaluate
the delay in 6 h in the insemination time of the donors,
which occurred at a fixed time after induction of
ovulation with porcine LH (pLH) administration. For
this study, one single Nelore bull produced ejaculates
that were proportionally divided to produce sex-sorted
and non-sorted sperm that were used for all of the
inseminations. The results of the experiment in Nelore
cows are presented in the Table 4.Table 5 summarizes
the results of the experiment performed in Holstein
donor cows. The delay of TAI from 12/24 h to 18/30 h
after pLH administration increased the number of
embryos produced in superstimulated cows inseminated
with sex-sorted sperm. However, the results are still
lower than those obtained with the use of non sex-sorted
sperm, especially when analyzing the outcomes in
Nelore cows. These data suggest the possibility of
increasing the efficiency of embryo production with
sex-sorted sperm by delaying the TAI in 6 h after pLH
treatment for ovulation induction.

Table 3. Results (mean ± SE) of superovulated Holstein heifers inseminated with sex-sorted sperm X (S20-1X: 20 x
106 or S10-2X: 10 million of sperm/dose), or non sex-sorted sperm (NS10-2X: 10 million of sperm/dose).
S20-1X (n = 12)
S10-2X (n = 13)
NS10-2X (n = 14)
No of CL at flushing
15.3 ± 1.7
18.1 ± 3.4
14.1 ± 1.5
Structures/ flushing
6.8 ± 1.6a
8.9 ± 1.8
9.9 ± 1.9b
a
a
Fertilized/ flushing
3.8 ± 0.8
4.9 ± 0.9
8.7 ± 1.7b
a
a
% Fertilized/ flushing
63.5 ± 9.2
61.9 ± 6.3
90.9 ± 4.0b
a
a
Viable/ flushing
1.9 ± 0.7
2.3 ± 0.6
6.3 ± 1.2b
a
a
% Viable/ flushing
24.3 ± 8.5
30.8 ± 7.7
71.3 ± 7.3b
Degenerated/ flushing
1.8 ± 0.4
2.6 ± 0.6
2.4 ± 0.9
% Degenerated/ flushing
39.2 ± 10.2
31.1 ± 5.6
19.6 ± 4.8
% Degenerated/ fertilized
58.6 ± 11.8a
53.1 ± 9.8a
24.2 ± 6.4b
Different superscripts in row indicate difference for P < 0.05.
Table 4. Embryo production (mean  SE) of superovulated Nelore (Bos indicus) cows timed artificial inseminated
with sex-sorted and non sex-sorted sperm according to the insemination moment.
Treatments
P
Non sex-sorted
Sex-sorted
Sex-sorted
12 and 24 h
12 and 24 h
18 and 30 h
Number of cows
17
18
19
Total ova/embryos
0.14
8.0  3.2
7.1  3.3
9.0  3.8
< 0.001
Transferable embryos
2.4  1.8c
4.5  3.0b
6.8  2.6a
< 0.001
Percentage of transferable embryosd
86.1  11.9a
37.3  26.7c
48.2  25.9b
a
c
b
Freezable embryos
< 0.001
6.0  2.4
2.0  1.4
3.7  2.8
e
a
c
b
< 0.001
Percentage of freezable embryos
76.3  19.2
31.8  24.5
38.0  26.5
0.05
Degenerate embryos
0.9  1.6
1.6  2.1
0.7  0.7
< 0.001
Unfertilized oocytes
3.7  3.6b
2.9  2.6b
0.5  0.7a
a,b,c
Rows with different superscripts indicate P < 0.05; dPercentage of transferable embryos based on the number of
ova/embryos recovered; ePercentage of freezable embryos based on the number of ova/embryos recovered.
Anim. Reprod., v.11, n.3, p.217-224, Jul./Sept. 2014
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Table 5. Embryo production (mean  SE) of superovulated Holstein (Bos taurus) cows timed artificial inseminated
with sex-sorted and non sex-sorted sperm according to the insemination moment.
Treatments
P
Non sex-sorted
Sex-sorted
Sex-sorted
12 and 24 h
12 and 24 h
18 and 30 h
Number of cows
11
11
11
Total Ova/embryos
0.40
10.4  3.4
11.3  4.4
12.4  3.8
0.007
Transferable embryos
4.6  3.0b
6.4  3.1ab
8.7  2.8a
<0.001
Percentage of transferable embryosd
85.9  14.0a
40.7  21.3c
54.2  23.2b
a
b
Freezable embryos
0.007
6.9  1.8
3.2  1.8
5.4  3.4ab
<0.001
Percentage of freezable embryose
69.9  16.8a
29.9  15.5c
45.3  26.6b
0.43
Degenerate embryos
1.4  1.8
1.3  1.7
0.7  0.9
0.0003
Unfertilized oocytes
5.2  3.1b
4.6  2.6b
0.9  1.4a
a,b,c

Rows with different superscripts indicate P < 0.05; dPercentage of transferable embryos based on the number of
ova/embryos recovered; ePercentage of freezable embryos based on the number of ova/embryos recovered.
In another study performed by Baruselli et al.
(2007), superstimulated Nelore cows were timed
artificially inseminated using sex-sorted sperm (4.2 million
of sperm per TAI) and non sex-sorted sperm (40 million
of sperm per TAI) 12 and 24 h after the ovulation

induction with GnRH. Donors inseminated with sex-sorted
sperm showed lower number of transferable and
freezable embryos, higher number of unfertilized
embryos and reduced rate of transferable and freezable
embryos (Table 6).

Table 6. Embryo production (mean  SE) of superovulated Nelore (Bos indicus) cows timed artificial inseminated
with sex-sorted or non sex-sorted sperm.
Number of cows
Total structures
Transferable embryos (Grades 1, 2 and 3)
Freezable embryos (Grades 1 and 2)
Unfertilized oocytes
Degenerates
Transferable embryos rate (%)
Freezable embryos rate (%)

Non sex-sorted

Sex-sorted

10
9.9  0.78
6.8  0.66
5.9  0.71
1.5  0.48
1.6  0.37
68.7  6.3
59.6  5.1

10
8.4  1.40
4.2  0.74
3.5  0.65
3.7  0.88
0.5  0.16
50.0  5.1
41.7  5.2

The real practical sense in using this
biotechnology is closely related to the generation of
offspring in satisfactory quantities and costs. There are
few studies that reported the pregnancy per ET (P/ET)
in their results or that are designed to find this answer,
possibly because of the difficulty in reaching large
number of embryos in superovulation programs. Schenk
et al. (2006) observed no difference in the pregnancy
rate of embryos derived from sex-sorted or non sex-sorted
sperm. However, in this study, the number of

P
0.28
0.03
0.03
0.01
0.04
0.01
0.02

transferred embryos was small. In an experiment
performed by Baruselli et al. (2007), part of the
embryos were transferred immediately after collection
(fresh) at fixed time into synchronized recipients (Table 7).
Similar P/ET were observed at 30 and 60 days of
gestation after transfer of embryos produced with sexsorted or non sex-sorted semen. After sexing by
ultrasound, it was observed that sex-sorted semen
resulted in 90.0% females and conventional semen
resulted in 52.7% females.

Table 7. Pregnancy rate at 30 and 60 days after embryo transfer from sex-sorted or non sex-sorted sperm and
percentage of females at fetal sexing.
Pregnancy
Pregnancy
Fetal sexing
30 days (%)
60 days (%)
(% females)
Non sex-sorted sperm
57.3 (39/68)
52.9 (36/68)
52.7 (19/36)
Sex-sorted sperm
57.1 (24/42)
47.6 (20/42)
90.0 (18/20)
Final considerations
It is possible to obtain acceptable P/AI (~7580% to those obtained with non-sex sorted sperm) after
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AI upon estrus detection with sexed semen in cyclic
heifers. The adjustment in the moment to perform the
AI using sex-sorted sperm, closer to the expected
moment of ovulation, improves reproductive outcome in
Anim. Reprod., v.11, n.3, p.217-224, Jul./Sept. 2014

Sá Filho et al. Sex-sorted sperm in cattle.

terms of P/AI or embryo production per flushing.
Nonetheless, despite the improvements achieved in the
last decade, the major concern with the use of sex-sorted
semen is related to low fertility and the dramatic
individual variability in fertility among bulls undergoing
sexing process. The commercial applicability of this
technique depends on the establishment of a
methodology that minimizes the sperm loss during the
sex sorting process, with no deleterious influence on the
fertilizing potential. Also, an increased resistance to the
cryopreservation process would be desirable.
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