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The objective of this study was to compare the reproductive traits of heif-
ers and the development characteristics of their calves following artificial insemi-
nation (AI) with sexed and non-sexed semen. The analysed characteristics in-
cluded conception rate, gestation length, calf birth weight, calf vigour, stillbirth
rate, and twinning rate. Data of 530 calves produced with sexed and 1,163 calves
produced with non-sexed semen were analysed. The General Linear Model (GLM)
was applied to assess the influence of semen type, farm, season of insemination,
the calf’s sex and the inseminating sire on gestation length and calf birth weight.
With the exception of gestation length (P > 0.05), all other traits studied were sig-
nificantly (P < 0.01) influenced by the type of semen. The conception rate was
55% for conventional and 44% for sexed semen, and the average gestation length
was 274.6 and 274.9 days, respectively. The mean calf birth weight was 37.47 kg
for non-sexed and 36.75 kg for sexed semen. The stillbirth rate was 6.19% for
conventional and 7.54% for sexed semen, while the twinning rate was 3.78% for
conventional and 1.13% for sexed semen. The calves produced with non-sexed
and sexed semen differed significantly in viability (P < 0.001), the latter having a
lower calf vigour score. The use of conventional semen did not affect the ratio of
female and male calves (52.7:47.3%; P > 0.05); however, artificial insemination
with X-sorted sexed semen significantly altered the sex ratio of calves (85.1:14.9%,
P <0.01). The results obtained in this investigation are in agreement with the ma-
jority of studies which compared the fertility traits, sex ratio and calf characteris-
tics depending on the application of artificial insemination with sexed or conven-
tional semen.

Key words: Sexed semen, conventional semen, heifers, fertility traits, sex
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Compared to the use of conventional artificial insemination, the utilisation
of sexed semen in dairy cattle breeding accelerates genetic progress as a greater
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number of offspring of the desired sex can be produced in a shorter period of
time (Seidel, 2007; De Vries et al., 2008). Many field studies (Seidel, 2003; Cer-
chiaro et al., 2007; DeJarnette et al., 2009; Norman et al., 2010) achieved around
90% female offspring by separating the spermatozoa.

Seidel et al. (1999) reported that the pregnancy rate in Holstein heifers
ranged from 21% to 35% for sexed semen compared with 58% for conventional
semen. A lower fertility rate with sexed semen was also reported by several other
researchers (Seidel and Garner, 2002; Tubman et al., 2004; Norman et al., 2010;
Delarnette et al., 2011; Healy et al., 2013). This lower fertility is due to damages
caused to spermatozoa by the physical forces during the sexing process as they
are placed under high pressure at great speed with abrupt deceleration (Seidel,
2003). It is therefore recommended that sexed semen be primarily used in heifers
showing distinct signs of oestrus (Foote, 2010). Heifers are the most fertile ani-
mals in the herd and good fertility of the recipient is of crucial importance when
using sexed semen. Furthermore, heifers are not yet burdened by lactation.

There is a possibility that early embryonic mortality rate in calves pro-
duced by use of sexed semen is slightly elevated (Seidel et al., 1999; Tubman et
al., 2004; Healy et al., 2013). However, no increase in abnormalities in calves
born from sexed semen relative to controls has been reported to date.

The objective of this paper was to compare the reproductive traits of heif-
ers and the development characteristics of their calves following artificial in-
semination with sexed and non-sexed semen.

Materials and methods

Study design and animals

This was a retrospective study using data on 3,320 inseminations of im-
proved Black Pied Lowland heifers, raised on six commercial dairy farms of the
Agricultural Corporation of Belgrade, in central Serbia from January 2012 to
January 2014. All heifers in the breeding programme were raised under the same
conditions (large groups of contemporaries in open housing system). Heifers were
nutritionally managed to attain an average daily weight gain of 0.55 to 0.65 kg
from birth to breeding. The main components of their ration were corn silage, al-
falfa hay, canola meal, wheat bran and feed additives, and later on they were fed
on a total mixed ration which was introduced after their first calving. The aver-
age milk yield of these farms was around 8,000 kg.

Reproductive management

On all farms, artificial insemination (Al) was performed with the semen of
purebred Holstein bulls (n = 26). Sixty % of Als were performed with the semen
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of bulls progeny tested in Serbia, while 40% were done with imported semen of
breeding bulls, mainly from the USA and Canada. The sexed semen originated
exclusively from Cooperative Resources International (CRI, Wisconsin, USA)
and was sorted by flow cytometry, with an aim to produce semen with a ratio
skewed in favour of gynosperms as female calves are preferred in the dairy herd.

All 26 sires were selected for improvement in milk production and calving
ease.

Artificial insemination was carried out daily, on the same morning as the
detection of oestrus by Al technicians. Sperm viability and semen quality were
not evaluated before insemination and as such, the results reflect normal on-farm
reproductive management. In most cases, sex-sorted semen straws were used
only for the first or second breeding, and heifers returning to oestrus were in-
seminated subsequently with conventional semen. The site of sperm deposition
was the uterine body. Inseminated heifers were tested for pregnancy via rectal
palpation from 40 to 50 days post insemination, and no pregnant heifers were in-
seminated again upon return to oestrus.

Collected data

The total number of inseminations was 3,320. The numbers of insemina-
tions performed with sexed and non-sexed (conventional) semen were 1,205 and
2,115, respectively. The conventional semen dosages came from 20 sires, while
the sexed semen was derived from the remaining six sires in this study.

Besides the individual identification number (ID) of the heifers, the mated
sires and the calves born, the following raw data were collected: date of insemi-
nations, date of conception, date of calving, type of semen (sexed or non-sexed),
calf sex, calf birth weight.

The statistical evaluation was expanded to the following properties: con-
ception rate, gestation length, birth weight, calf vigour, neonatal mortality (still-
birth), twinning rate, and sex ratio.

The conception rate was expressed as the proportion of successful insemi-
nations. The gestation length was calculated as the interval between the date of
conception and the date of calving in days. The birth weight was measured
within the first 24 h post partum (pp) in kg to one decimal place. Calf vigour was
scored on a five-point scale (1 — calf with inborn anomalies, 2 — poorly developed
and non-viable calf, 3 — moderately developed and vital calf, 4 — well-developed
calf, 5 — vital calf). Stillbirths included calves that were born dead or died within
48 h. All stillborn calves were recorded, but their sex was not determined. The
incidence of multiple births was also recorded at the calving. The sex ratio used
in this study is the secondary sex ratio which is the relative frequency of male
and female offspring at the moment of birth.
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Statistical analysis

Upon combining and revising the records obtained from various farms we
determined the differences in the properties investigated according to the two
types of semen (sexed or non-sexed) which were used in the course of insemina-
tions.

The chi-square (x’) test (Statistical Analysis System; SAS Institute, Inc.,
Cary, NC) with a significance set at P < 0.05 was used to compare the conception
rate, calf vigour, stillbirth, twinning rate and sex ratio in relation to semen type.

To analyse the length of gestation and the birth weight a factorial least
squares ANOVA with Type III sums of squares was performed using the GLM
procedures of the same SAS (SAS, 2013). Here, the type of semen, farm, season
of conception, sex of calf, and sire were studied as possible sources of variation
for the traits investigated. The following generalised linear model (GLM) was
used to evaluate the effects:

Yijum= p + Ti + Fj + Sg +Pi+ Oy, + €jikim,

where:
Yijum — phenotypic manifestation of the studied trait,
u — general average of population,
T; - fixed effect of the type of semen (i = 1-2),
F;  —fixed effect of the j* farm (j = 1-6),
Sy — fixed effect of the k™ season of conception (k = 1-4),
P,  —fixed effect of the calf sex (1=1-2),
On — fixed effect of the sire (m = 1-26),
€jjkim — random error.

Results

The mean values of the studied traits (and standard deviations in the case
of parametric traits) according to the type of semen are presented in Table 1. The
conception rate of heifers inseminated with conventional semen was 55% as
compared to 44% with sexed semen; however, there was no significant differ-
ence in gestation length (274.6 vs. 274.9 days, respectively). Lower mean values
of birth weight and vigour were observed in calves born from sexed semen. No
anatomic abnormalities were observed in calves during the trial. Neonatal death
was more frequent in calves born from sexed semen. Sex-sorted semen resulted
in a remarkably lower twin frequency. All the differences between the means of
the traits analysed (with the exception of gestation length) were statistically sig-
nificant (P < 0.01).
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Table 1
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Mean values of studied traits according to the type of semen

Trait Conventional semen (n) Sexed semen (n) P value
Conception rate (%) 55 (2,115) 44 (1,205) <0.001
Gestation length (days), mean+SD  274.6+9.9 (1,163) 2749+9.0 (530) =0.492
Birth weight (kg), mean + SD 37.5+£2.5 (1,163) 36.8+£2.0 (530) <0.001
Calf vigour (score) 4.5 (1,091) 4.1 (490) <0.001
Stillbirth (%) 6.2 (72) 7.5 (40) <0.001
Twin births (%) 3.8 (44) 1.1 (6) <0.001

Table 2 illustrates the effect and statistical significance of semen type,
farm, season of insemination, calf sex and sire on gestation length and calf birth
weight. Excluding semen type, the majority of the factors in the model had a
highly significant impact on the studied traits, with both the season of conception
and the sire having an effect approaching significance on the gestation length.

Table 2

Analysis of variance for gestation length and birth weight

Gestation length (days)

Trait/Source

DF MS F value P value
Semen type 1 44.021756 0.51 =0.492
Farm 5 523.579663 6.12 <0.001
Season 3 216.410126 2.53 =0.056
Calf sex 2 1,932.813916 22.58 <0.001
Sire 26 121.929896 1.42 =0.080
Error 1,654 85.5898

Birth weight (kg)

Semen type 1 184.906300 49.06 <0.001
Farm 5 122.531210 32.51 <0.001
Season 3 19.754216 5.24 =0.001
Calf sex 2 458.104676 121.55 <0.001
Sire 26 9.409893 2.50 <0.001
Error 1,654 3.768798

DF = degree of freedom; MS = mean square

Table 3 compares the sex ratios resulting from insemination with the two
types of semen, proven by the y>-test. The use of conventional semen did not af-
fect the proportion of male and female calves (47.3% vs. 52.7%; P > 0.05), while
sexed semen shifted the calf sex ratio to 14.9% vs. 85.1% (P < 0.001).
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Table 3

Sex ratio of calves according to the type of semen

Relative frequency (%) of Conventional semen (n = 1,091) Sexed semen (n = 490)
males (n) 47.3 (516) 14.9 (73)
females (n) 52.7 (575) 85.1 417)
¥* value 3.19 241.50

P value =0.596 <0.001

Table 4 shows the gender frequency and gender distribution in twins ac-
cording to the semen type. There was a significant reduction in the occurrence of
female—female calf pairs (33.3% with a theoretically expected value of about
75%); however, the twin sample size was very small in the case of insemination
with sexed semen.

Table 4

Frequencies of calf gender and calf pairs according to the type of semen and type of birth

Relative frequency (%) of calves Comz[elniiclyr,lg; ls ;3 men Se();ei Zc;r(';1)en * value P value
in single births (n = 1,047):
females (n) 52.0 (544) 853  (413) 17.93 <0.001
males (n) 48.0 (503) 14.7 (71) 325.13 <0.001
in twin births (n = 44):
female—female pairs (n) 41.0 (18) 333 2) 12.80 <0.001
male—male pairs (n) 4.5 2) 0.0 0) 2.00 <0.001
female—male pairs (n) 54.5 (24) 66.7 “4) 14.29 <0.001
Discussion

Previous studies have shown that conception rate as an indicator of the
success of insemination with sexed semen is highly variable, and that it is lower
compared to that obtained with conventional semen. Conception rate with sexed
semen in this study (44%) is in harmony with studies which reported 39 to 57%
for heifers inseminated with sexed semen (Cerchiaro et al., 2007; DeJarnette et
al., 2009) and higher than that reported by Weigel (2004), Bodmer et al. (2005)
and Healy et al. (2013).

The lower conception rate obtained with sexed semen is most probably
due to the damage of spermatozoa during the sorting process and the decreased
concentration of spermatozoa in the applied doses (Seidel et al., 1999; Bodmer et
al., 2005; Garner and Seidel, 2008). However, improvements of the sorting proc-
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ess can increase the conception rate and thus may contribute to a wider use of
sexed semen in dairy cattle breeding in the future.

The conception rate obtained with conventional semen in this study (55%)
was remarkably higher than that established for Holstein heifers by Healy et al.
(2013), and was in accordance with the majority of literature reports (Cerchiaro
et al., 2007; Delarnette et al., 2009; Norman et al., 2010) which cite rates as high
as 75%. At the same time, in a number of studies the highest conception rates
were observed under moderate climate conditions similar to the prevailing cli-
mate of the region of this study.

Gestation length is a species-specific characteristic for every domestic
animal and depends on a plethora of factors. Gestation length is also determined
by the breed of the parents, particularly of the sire (O’Ferrall and Ryan, 1990;
Cundiff et al., 1986; Gregory et al., 1997). The results obtained for gestation
length were in agreement with several studies (DeJarnette et al., 2009; Norman et
al., 2010) which report that gestation length in heifers is also significantly influ-
enced by the season of insemination, the inseminating sire, the twinning fre-
quency and the sex of the calf. Male sex prolongs the gestation length, and this is
reflected in higher birth weight compared to female calves. The type of insemi-
nation did not significantly reduce or prolong the gestation length, neither in the
aforementioned studies nor in the studies of Tubman et al. (2004) and Healy et
al. (2013).

Studying the calf birth weight is important for several reasons. Among
others, the high birth weight of calves is one of the major causes of dystocia and
perinatal mortality. Calf birth weight is influenced by different genetic and non-
genetic effects, such as calf sex, body mass and age of the dam and sire, number
of calvings, calving season, breed, gestation length, and duration of the dry pe-
riod (Nelsen et al., 1984; Cundiff et al., 1986). Both our study and that of Tub-
man et al. (2004) showed that in addition to the season of conception and the
sire, the type of artificial insemination also significantly (P < 0.01) affected the
birth weight.

Calf vigour was estimated for all live-born calves with subjective scores
from 1 to 5. With this scoring system and partly due to the differences originat-
ing from dams, the calves produced by sexed and non-sexed semen differed sig-
nificantly (P < 0.001). Our results are different from those of Tubman et al.
(2004) who found no significant difference in calf viability in relation to sex or
semen type. Globally, many farmers are facing a constant increase in calf mortal-
ity rate, which has negative effects on the economy of milk production (Meyer et
al., 2000; Steinbock et al., 2003; Zadeh et al., 2008).

The rate of single stillborn calves from heifers inseminated with conven-
tional sperm in this research matches the results of Zadeh et al. (2008). Our rates
of single stillborn calves from heifers inseminated with conventional and sexed
semen were significantly different (6.19 and 7.54%, respectively; P < 0.01). The
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rates were also lower than 10.4% for conventional semen and 11.3% for sexed
semen reported by Norman et al. (2010). Healy et al. (2013) recorded even
higher rates of stillborn calves (11.6% for conventional and 13.3% for sexed se-
men). These authors stated that the rate of stillborn offspring is influenced by
sex, twinning, gestation length, Al technician, semen type, age of dam, and sea-
son of insemination. DeJarnette et al. (2009) suggested that the increased still-
birth rate of heifers inseminated with sexed semen was the consequence of the
sorting process which damages the sperm and leads to reduced viability of the fe-
tus and an increase in stillbirths.

In previous studies the twinning rates of Holstein and Black Pied Lowland
heifers ranged from 0.76% to 1.3% (Mee, 1991; Zadeh et al., 2008; Norman et
al., 2010). The twinning rate in this investigation was significantly higher than is
expected for heifers of dairy breeds (P < 0.001) and was dependent upon the type
of semen. The use of sexed semen (Table 4) significantly increased the frequency
of the female twin pairs at the expense of male twins, in agreement with the val-
ues reported by Tubman et al. (2004), Norman et al. (2010) and Healy et al.
(2013).

Sex is determined by the random coupling of gametes during fertilisation
and, therefore, the expected primary sex ratio is likely to approximate 1:1 in the
offspring. By the application of sexed semen, heifers are expected to deliver fe-
male calves in about 90% of the cases in contrast to the 49% average frequency
obtained with conventional semen (Seidel, 2003; Cerchiaro et al., 2007; DelJar-
nette et al., 2009; Norman et al., 2010).

The sex ratio achieved in this study with sexed semen was acceptable and
similar to that reported by Bodmer et al. (2005) and Healy et al. (2013). How-
ever, it was somewhat lower than the 90% ratio of female calves reported in the
literature.

The realised proportion of sexes can be considered to be the consequence of
increased sorting speed with a resultant reduction in accuracy (Seidel, 2003). The
sex ratio in Seidel’s research was significantly (P < 0.01) shifted by the application
of sexed sperm. The inseminating sire also had a significant effect on the sex ratio
(Norman et al., 2010; Healy et al., 2013). The sex ratio after insemination with
conventional semen (52.7% female) was in contrast to the 50 to 52% male calf
births in the majority of published reports (Tubman et al., 2004; Zadeh et al., 2008;
Delarnette et al., 2009). However, Norman et al. (2010) reported the birth of only
48.5% male singles, which was similar to the findings of this investigation. It
might be speculated that male fetuses tend to show a more pronounced mortality
already before birth under the conditions of intensive dairy production.

The relative frequency of female calf pairs in this study lagged behind the
values reported by Healy et al. (2013); however, we agree with the latter authors’
comment that the use of sexed sperm increases the frequency of female pairs at
the expense of male ones.
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The results obtained in this investigation are in agreement with the major-
ity of studies which compared the fertility traits, sex ratio and calf characteristics
depending on the application of Al with sexed or conventional semen. Based on
our results we conclude that the application of sexed semen does not lead to any
increase in calf abnormalities or change in gestation length, but it negatively af-
fects the fertility rate and some calf characteristics such as birth weight, stillbirth
rate, and calf vigour. Despite all this, sexed semen enables breeders to use only
the best replacement heifers in the herd which thus improves the genetic base of
the breeding stock. Sexed semen should be used only for the insemination of
quality heifers on farms with reliable reproductive management, as otherwise fer-
tility can decrease on farm level.

Despite its limitations, the use of sexed semen has the potential to acceler-
ate genetic progress. It creates an opportunity to increase the production rate of
quality replacement cows with enhanced genetic traits, and thus alter the eco-
nomic landscape of the dairy industry.
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