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Abstract

The objectives of the study were to determine (1) oestrous expression rate and (2) the
effect of oestrous expression prior to progesterone-based Ovsynch protocol on preg-
nancy rate in Holstein cows. All cows (n = 917) were subjected to 7-day progesterone-
based Ovsynch protocol. In this protocol, cows that expressed oestrus before (HEAT1)
the scheduled second GnRH were inseminated 20h later after the onset of oestrus
without GnRH administration. Cows that expressed oestrus after the second GnRH
administration (HEAT2) or did not express oestrus (NOHEAT) received fixed-timed Al.
Oestrous expression was determined by using activity-rumination monitoring system
and all cows were inseminated with sexed semen. Oestrous expression rate prior to
FTAIl was 40.5% and the majority (p <.01) of oestrous expression were in HEAT2 com-
pared with HEAT1 in both primiparous (71.8 vs. 28.1%) and multiparous cows (69.5
vs. 30.5%). The mean interval from intravaginal device removal to the onset of oes-
trus was 47.4 +0.9 h and 62.9 +0.5 in HEAT1 and HEAT2, respectively. Primiparous
cows (47.7%) had a higher (p <.01) expression rate compared with multiparous cows
(37.2%). Overall pregnancy rate was 37.4% and there was two-way significant interac-
tion between parity and oestrous expression on pregnancy rate (p <.01). Both primi-
parous (48.1 vs. 35.8%) and multiparous cows (47.4 vs. 28.4%) that expressed oestrus
had greater (p <.01) pregnancy rate compared with cows that did not express oestrus.
There was no difference in pregnancy rates of HEAT1 and HEAT2 in both primiparous
(44.7 vs. 49.5%) and multiparous cows (47.2 vs. 47.6%). Pregnancy rate was not influ-
enced (p=.21) by milk production (high or low) in both primiparous (47.6 vs. 48.6%)
and multiparous (54.9 vs. 42.1%) cows that expressed oestrus, respectively. In conclu-
sion, cows showing oestrus before or after second GnRH of the Ovsynch protocol had

greater pregnancy rate than cows not showing oestrus.
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1 | INTRODUCTION

Poor or inadequate oestrous detection is the major reason for
low insemination risk and reproductive inefficiency in dairy herds
(Souzaetal.,2007). Oestrous detectionrateis estimated atless than
50% in many commercial dairy farms (Ferguson & Skidmore, 2013;
Rabiee et al., 2005). Increased herd size and different manage-
ment conditions affect the oestrous detection rate in dairy herds.
Higher milk production decreases the oestrous detection rate and
probability of insemination due to elevated blood flow and me-
tabolism of steroid hormones in high-yielding dairy cows (Lopez
et al., 2004; Sangsritavong et al., 2002; Walsh et al., 2011). Timed
artificial insemination (TAI) protocols are widely used without
oestrus detection to increase the probability of insemination
and pregnancy rate in commercial farms (Baruselli et al., 2012).
The Ovsynch protocol is the most commonly used TAI protocol
because resulting pregnancy rates are similar to those obtained
when cows are bred at detected oestrus (Gimen et al., 2003;
Rabiee et al., 2005; Wiltbank & Pursley, 2014). However, oestrous
expression prior to TAl is critical for gamete transport, uterine en-
vironment may have resulted with better pregnancy rates (Bishop
et al., 2017; Pereira et al., 2016; Richardson et al., 2016). In dairy
cows, the previous studies demonstrated that oestrous expression
prior to TAl increased (Pereira et al., 2016; Perry et al., 2005) or
did not change (Kasimanickam et al., 2005; Souza et al., 2007) the
pregnancy rate.

It is well known that sexed semen has been globally used to
control the gender of the calf in recent years in many countries
(Vishwanath & Moreno, 2018). Using sexed semen in cows express-
ing oestrus is recommended to maximize the pregnancy rate in cows
(Kurykin et al., 2017). Recent studies demonstrated that oestrous
expression near the time of TAI was critical to obtaining a higher
pregnancy rate with sexed semen in beef heifers (Colazo et al., 2018)
and beef cows (Crites et al., 2018). Although sexed semen is pri-
marily preferred in dairy cattle (Holden & Butler, 2018), there has
been a limited report investigating the effect of oestrous expression
on pregnancy rate with sexed semen in dairy cows that received
Ovsynch protocol (Crego et al., 2015). The objectives of this study
were two-fold: firstly, to determine the proportion of dairy cows
that exhibit oestrous prior to the initiation of fixed-time Al and,
secondly, to determine whether their pregnancy rates are different
from their contemporaries that do not exhibit oestrous when both
groups are bred with sexed semen following induction of ovulations

with Ovsynch protocols.

2 | MATERIALS AND METHODS
2.1 | Animals
A total of 917 Holstein-Friesian cows (primiparous cows; n = 283 and

multiparous cows; n = 634) were enrolled in the study from January
2019 to May 2020. A commercial dairy farm (had an average of 1100
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lactating dairy cows) was located in the north-western province
of Turkey. Following National Research Council recommendations
(NRC, 2001) cows were grouped in free-stall barns and fed a total
mixed ration according to their milk yield. Average herd milk pro-
duction per cow was 40-43kg per day during the lactation period.
During the study, the months between June and August were deter-
mined as the hot season and the months between September and
May as the cold season. Body condition score (BCS) was assessed
using a scale from 1 to 5, with 1 = very thin and 5 = obese (Ferguson
et al., 1994). The milk production for 100 and 305days and also the
average milk yield at insemination week (+3 days) were recorded via
a herd management program (Dataflow [I™, Allflex, Israel). All animal
procedures were approved (2019/2) by the Balikesir University of
Animal Care and Use Committee.

2.2 | Experiment

Primiparous and multiparous cows received progesterone-based
Ovsynch protocol at 80+5 and 60+ 5days in milk (DIM), respec-
tively. In this TAI protocol, the cows received GnRH (100 ug gona-
dorelin acetate, im, Gestavet GnRH®, Hipra, Girona, Spain) and a
progesterone-releasing intravaginal device (1.55 gr progesterone,
PRID-DELTA®, Ceva-Sante Animale, Libourne, France) on Day O.
Progesterone releasing device was removed on Day 7 and the cows
received PGF,_ (150 ug d-cloprostenol, im, Gestavet Prost®, Hipra,
Girona, Spain) treatments 24 h apart on Days 7 and 8. The second
administration of 100pg GnRH was performed 56h later after the
first PGF,, administration. The fixed-TAl was applied to all cows 16 h
later after the second GnRH administration.

All cows were equipped with a neck collar comprised of an
electronic identification tag (Dataflow II™, Allflex, Israel). The ac-
tivity monitoring system used a wireless receiver box to record the
average activity at 2-h intervals and computes and activity index
value between 0 and 100. Activity indices above 35 are associated
with cows that display oestrous activity (Guner et al., 2020). The
oestrous expression of each cow was checked via activity moni-
toring from the day of intravaginal progesterone device removal
(Day 7) to the day of TAI (Day 10). The cows displaying oestrus be-
fore the second GnRH administration (HEAT1) were inseminated
16-20 h after the onset of oestrus. The cows displaying oestrus
after the second GnRH administration (HEAT2) and not detected
oestrus (NOHEAT) were inseminated 16 h after the second GnRH
administration. In all cows, sexed semen (0.25ml per straw) was
used for insemination. Frozen straws were thawed at 37 °C for 30s
and deposited into the uterine body by the insemination techni-
cians of the farm.

The pregnancy status was determined by the presence of a
viable embryo by trans-rectal ultrasonographic examination (Ibex
Pro®, E.l. Medical Imaging, Loveland, CO) on Day 31 after Al. The
cows were re-examined to confirm continuation (the presence of
the fetus with heart beat) or to determine loss of pregnancy on
Day 62.
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TABLE 1 Pregnancy per artificial insemination (P/Al) according to the presence of oestrous expression in primiparous and multiparous

cows received progesterone-based Ovsynch protocol

Primiparous (n = 283)

Multiparous (n = 634)

Oestrus expression YES* Not YES* Not p value
Number of animals, % (n/n) 47.7% (135/283) 52.3% (148/283) 37.2%" (236/634) 63.9% (405/634) <.01
P/Al at d 32, % (n/n) 48.1%" (65/135) 35.8%" (53/148) 47.4%% (112/236) 28.4%" (113/398) <.01
P/Al at d 60, % (n/n) 43.0%° (58/135) 31.1%" (46/148) 44.1%% (104/236) 26.6%" (106/398) <.01
Pregnancy loss, % (n/n) 10.8% (7/65) 13.2% (7/53) 7.1% (8/112) 6.2% (7/113) 40

Note: #P: Percentages with different superscripts within a row are different (p <.01). p-values refer to the differences in cows that exhibited oestrous

(YES) and those that did not (NO).
*Cows displayed oestrus prior to TAl after progesterone device removal.

fCows did not display oestrus prior to TAIl after progesterone device removal.

2.3 | Statistical analysis

The data related to pregnancy rate at Day 31, 62 and pregnancy loss
were analysed using PROC GLIMMIX procedure of SAS 9.4 (SAS
Institute Inc.; Cary, NC, USA). The final model included oestrous ex-
pression (HEAT and NOHEAT), parity (primiparous vs multiparous),
level of milk yield (low vs high producers), season (warm vs cold) and
their two-way interactions as fixed effects. Cow within oestrous ex-
pression was considered as a random effect in the model just to take
the individual differences into account. Statistical differences were

considered significant for p<.05.

3 | RESULTS

The total oestrous expression rate was 40.5% (371/917) prior to the
scheduled FTAL Primiparous cows (47.7%, 135/283) had a greater
(p<.01) oestrous expression rate than multiparous cows (37.2%,
236/634). The average body condition score (mean+SEM) was
3.49+0.4 and there was no difference (p= .17) in both primiparous
and multiparous cows with (3.53+0.4; 3.45+0.5, respectively) or
without (3.50+0.3; 3.50+0.5, respectively) oestrous expression. The
distribution of cows was 12.0% (110/917), 28.5% (261/917), and 59.5%
(546/917) in HEAT1, HEAT2 and NOHEAT groups, respectively. The
majority of both primiparous (71.8 vs. 28.1%) and multiparous cows
(69.5 vs. 30.5) displaying oestrus were in HEAT2 compared with HEAT1
(p<.01). Irrespective of parity, the mean interval from intravaginal de-
vice removal to the onset of oestrus was 58.3+0.5 h (47.4+0.9 h for
HEAT1 and 62.9+0.5 h for HEAT2) in cows that expressed oestrus.
Total pregnancy rate was found 37.4% on Day 31 and 34.2% on
Day 62 after insemination with sexed semen in the current study.
Pregnancy loss was 8.4% in all cows. Pregnancy rate was higher
(p<.01) in primiparous cows than in multiparous cows at days 31
(41.7 vs. 35.5%) and at Days 62 (36.7 vs. 33.1%). Pregnancy loss was
not different (p = .10) between primiparous (11.9%) and multiparous
cows (6.7%). Similar to parity, oestrous expression was significant
factor (p<.01) to obtain a higher pregnancy rate. The pregnancy rate
was greater (p <.01) in cows that expressed oestrus (47.7%, 177/371)
compared with cows that did not express oestrus (30.4%, 166/546),

irrespective of parity (Table 1). There was two-way significant in-
teraction between parity and oestrous expression on pregnancy
rate (p<.01). Both primiparous (48.1 vs. 35.8%) and multiparous
cows (47.4 vs. 28.4%) that expressed oestrus had greater (p<.01)
pregnancy rate compared with cows that did not express oestrus
(Table 1). Pregnancy rates for HEAT1 and HEAT2 were not different
in both primiparous (44.7 vs. 49.5%) and multiparous cows (47.2 vs.
47.6%), respectively. There was no seasonal effect on oestrous ex-
pression and was 36.8% (46/125) and 41.0% (325/792) for the hot
and cold seasons, respectively (p = .37). Additionally, there was no
significant two-way interaction (p = .62) between parity and season
on the pregnancy rate. Pregnancy rate was not statistically different
(p =.19) between the cold season (38.3%, 303/792) and the hot sea-
son (32.0%, 40/125).

Average milk production (mean+S.E.M) was 3394.6+56.7 kg,
10,593.1+127.1 kg and 4902.6+38.7 kg, 13,121.9+87.1 kg for
primiparous and multiparous cows at 100 and 305days, respec-
tively. The average milk yield on the day of insemination for prim-
iparous and multiparous cows was 39.6 kg/day and 53.4 kg/day,
respectively. The average milk yield on the day of insemination was
classified as low or high producers for primiparous (<39.6 kg/day,
239.6 kg/day) and multiparous cows (<53.4 kg/day, 253.4 kg/day).
According to milk production classification, the average milk produc-
tion was 44.4+0.6 kg and 34.7+0.6 kg for primiparous cows and
60.1+0.5 and 46.1+0.4 kg for multiparous cows, respectively. The
overall pregnancy rate was not significantly affected (p=.17) by milk
production in both primiparous and multiparous cows. Oestrous
expression rate and pregnancy rate were not different (p>.05) be-
tween high producer primiparous and multiparous cows. However,
oestrous expression rate and pregnancy rate were higher (p<.01) in
low producer primiparous cows compared with low producer multip-
arous cows. Oestrous expression rates and pregnancy rates accord-
ing to parity and milk classification are presented in Table 2.

4 | DISCUSSION

The aims of this study were to assess the proportion of dairy cows
that expressed oestrus and the effect of oestrous expression
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TABLE 2 Percentage of oestrous expression and pregnancy per artificial insemination (P/Al) for low- and high-producing cows that

synchronized with progesterone-based Ovsynch protocol

Primiparous (n = 283)"

Multiparous (n = 634)*

Parameters Low producers High producers Low producers High producers p-value
Average milk yield* (kg/day) 34.7+0.6° 44.4+0.6° 46.1+0.4° 60.1+0.5¢ <.01
Oestrous expression %, (n/n) 50.7 (72/142)* 44.7 (63/141)® 37.5 (114/304)° 36.9 (122/330)%° <.01
P/Al in oestrus %, (n/n) 48.6(35/72) 47.6 (30/63) 40.3 (46/114) 54.1(66/122) .21
P/Al not in oestrus %, (n/n) 45.7 (32/70)° 27.0(21/78)° 26.8 (51/190)° 29.8 (62/208)° <.05
Overall P/Al %, (n/n) 47.2 (67/142)° 36.2 (51/141)* 31.9 (97/304)° 38.8 (128/330)™ <.01

Note: a’b'c"]'Percentages with different superscripts within a row are different. p-values refer to the differences in cows that exhibited oestrous (YES)

and those that did not (NO).
*The average milk yield (kg/day) at insemination week (+3 days).

TPrimiparous cows classified as lower (<39.6kg/day) or higher (239.6 kg/day) producers according to average milk yield.

*Multiparous cows classified as lower (<53.4kg/day) or higher (253.4 kg/day) producers according to average milk yield.

on pregnancy rate after insemination with sexed semen in dairy
cows synchronized with progesterone-based Ovsynch protocol.
Ovsynch is the most preferred protocol to optimize the first in-
semination and provides a similar pregnancy rate compared to
natural oestrus in dairy herds (Gimen et al., 2003; Karakaya-Bilen
et al., 2019; Rabiee et al., 2005). Our finding of 40.5% of cows ex-
pressing oestrus was higher than in some previous studies (Jobst
et al., 2000; Kasimanickam et al., 2005; Perry et al.,, 2005) and
similar to other studies (Brusveen et al., 2009; Souza et al., 2007).
Kasimanickam et al. (2005) found that the oestrous expression
rate was 11.7% in Ovsynch protocol in dairy cows. However, sev-
eral studies demonstrated that the oestrous expression rate was
approximately 20% in cows synchronized with Ovsynch in previ-
ous studies (Jobst et al., 2000; Perry et al., 2005). Contrary to
previous studies, Brusveen et al. (2009) and Souza et al. (2007)
reported that the oestrous expression rate in cows synchronized
with the Ovsynch protocol was 37.2% and 44.4%, respectively.
The higher oestrous expression rate probably resulted from differ-
ence in the administration of the second GnRH at 56 h (Brusveen
et al., 2009; Souza et al., 2007) instead of 48h (Jobst et al., 2000;
Kasimanickam et al., 2005; Perry et al., 2005) after PGF,  in the
Ovsynch protocol. Early administration of the second GnRH (at
48h instead of 56h) could inhibit oestrous expression due to an
induced early preovulatory gonadotropin surge and maturity of
dominant follicles (Perry et al., 2005). Additionally, progesterone
supplementation for 7days and second administration of PGF,_
during Ovsynch protocol could have improved oestrous expres-
sion by decreasing progesterone concentration after PGF,_ in-
jection and increasing the magnitude of the LH surge (Gimen &
Wiltbank, 2005; Wiltbank et al., 2015). One of the main factors
also affecting oestrous expression or explaining differences be-
tween studies may be nutrition, negative energy balance and body
condition score.

Pregnancy rate after insemination ranged from 24.7% to 45% in
cows that received Ovsynch (Brusveen et al., 2009; Kasimanickam
et al., 2005; Souza et al., 2007). Sexed semen resulted in a lower
pregnancy rate (75 to 90% of conventional semen) due to physical

and biochemical damage (Seidel, 2014). It is difficult to directly com-
pare fertility when sex-sorted and conventional semen was not
used from the same sires (Cerchiaro et al., 2007; Guner et al., 2021).
However, it was revealed that modification of the sorting process
by decreasing the cellular damage of sperm partially compensated
the reduced fertility with sexed semen (Gonzalez-Marin et al., 2018;
Maicas et al., 2020; Vishwanath & Moreno, 2018). Similar to our re-
sults (37.4%), Karakaya et al. (2014) found that pregnancy rate was
36.4% after insemination with sexed semen in Ovsynch protocol
in dairy cows. In addition, Kurykin et al. (2017) reported that preg-
nancy rate was 47.2% after the first insemination with sexed semen
in Ovsynch protocol. A similar result has been reported by Drake
et al. (2020) which was 49.0% pregnancy rate after insemination
with sexed semen following the Ovsynch protocol.

It is challenging to compare fertility between cows expressing
oestrus or not since cows are not allowed to show oestrus due to
the administration of GnRH 56 h after prostaglandin. However, sim-
ilar to our results, previous studies demonstrated higher pregnancy
rate in cows that expressed oestrus compared with cows that did
not (Crego et al., 2015; Jobst et al., 2000; Pereira et al., 2016; Perry
et al., 2005). The pregnancy rate by using sexed semen was impres-
sively higher in cows that expressed oestrus compared to cows that
did not display oestrus (47.7-30.4 = 17.3% absolute difference;
17.3+30.4 = 56.9% relative difference) in this study. Therefore, the
importance of oestrous expression was highlighted for pregnancy
success with sexed semen in TAI protocols in the present study.
In terms of sexed semen, there have been just a few studies in the
literature that investigate the effect of oestrous expression in TAIl
protocol on pregnancy rate using sexed semen in dairy cows (Crego
et al., 2015). Similar to our findings, Crego et al. (2015) found that
cows expressing oestrus (54%) had higher pregnancy rates than
cows that did not express oestrus (34%) in the Ovsynch protocol
(Crego et al., 2015).

It was reported that insemination after oestrous expression
significantly increased the pregnancy rate by 13.4% (from 25.5%
to 38.9%) compared with cows that expressed oestrus (Pereira
et al.,, 2016). Oestrous expression increased the pregnancy rate
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by approximately 2-fold (Jobst et al., 2000) or 3-fold (Perry
et al.,, 2005) compared with cows that did not display oestrus
in the Ovsynch protocol. Consistent with the previous studies
(Crego et al., 2015; Pereira et al., 2016; Richardson et al., 2016),
a higher pregnancy rate could be explained by increased follicle
diameter and preovulatory oestrogen concentration in cows that
expressed oestrus during TAl in this study (Perry et al., 2007).
In addition to previous beneficial effects associated with oes-
trous expression near the time of TAl, enhanced conceptus size
(Davoodi et al., 2016) and greater mRNA expression of interferon
tau (Cooke et al., 2019) could result in a higher pregnancy rate in
cows that displayed oestrus.

Contrary to our results, Kasimanickam et al. (2005) reported
that the pregnancy rate did not change with (31%) or without
(23.9%) oestrous expression in dairy cows that received Ovsynch
protocol (Kasimanickam et al., 2005). Similarly, Souza et al. (2007)
also determined that oestrous expression did not change (45.1%
vs 40.5%) the pregnancy rate in dairy cows treated with Ovsynch
protocol. It was reported that the lack of complete regression of
the corpus luteum (10 to 25%) resulted in a low pregnancy rate
due to increased progesterone concentration near the time of Al
in cows subjected to Ovsynch protocol (Wiltbank et al., 2015). The
second administration of PGF2a during Ovsynch protocol could
have reduced progesterone concentration near the time of Al in
this study. Low-progesterone concentration and elevated oestro-
gen concentration near the time of Al properly regulate the uterine
environment for subsequent sperm transport and gamete survival
(Brusveen et al., 2009; Richardson et al., 2016). Furthermore, fail-
ure to detect the onset of oestrus may not have resulted in an
expected increase in pregnancy rate due to suboptimal insem-
ination time with sexed semen in cows that expressed oestrus
(Kasimanickam et al., 2005; Souza et al., 2007). In this study, 12%
of cows (HEAT1) displayed oestrus before the administration of
the second GnRH and the mean interval from intravaginal device
removal to the onset of oestrus was 47.4+0.9 h. Delaying the in-
semination time for long time (interval between onset of oestrus
and FTAI more than 24h) could result in low pregnancy rate in
HEAT1 cows. In primiparous cows, delaying insemination time
from 16 to 24 h reduced pregnancy rate (50 to 44%) in Ovsynch
protocol (Lauber et al., 2020). In Jersey heifers, delaying insemina-
tion time more than 24 h after onset of oestrus resulted in reduced
pregnancy rate (45.5%) compared with insemination at 16-20h
(Sa Filho et al., 2010). Therefore, combination of activity moni-
toring technologies or tools with TAI protocols have been recom-
mended to achieve a higher pregnancy rate with sexed semen in
dairy herds (Denis-Robichaud et al., 2018). Considering the limited
use of sexed semen in TAIl protocols, the selection of cows that
expressed oestrus might be a critical strategy for increasing the
pregnancy rate in Ovsynch protocol.

It is well known that increased milk production is inversely
associated with oestrous expression and pregnancy rate (Lopez
etal., 2004; Pereira et al., 2016; Peters & Pursley, 2002). The average
milk production was higher in multiparous cows than in primiparous

cows. Many previous studies revealed that primiparous cows had a
higher pregnancy rate than multiparous cows (Karakaya et al., 2014;
Kurykin et al., 2017; Peters & Pursley, 2002) in the Ovsynch proto-
col. Consistent with the previous studies (Pereira et al., 2016), prim-
iparous cows had a higher oestrous expression rate and pregnancy
rate in primiparous cows compared to multiparous cows in this study.
Pereira et al. (2016) determined a similar reduction in pregnancy
rate in primiparous (13.2%) and multiparous (13.4%) cows that did
not express oestrus. Unlike in previous results, pregnancy rate was
drastically lower in multiparous cows (21%) than in primiparous cows
(12.3%) in the absence of oestrous expression in this study. Oestrous
expression was more necessary to achieve greater pregnancy rate in
high-producer cows than in low-producer cows. Unlike multiparous
cows and high-producer primiparous cows, there was no difference
in pregnancy rate regardless of oestrous expression in low producer
primiparous cows. However, pregnancy was not influenced by parity
and milk production in cows that expressed oestrus. Additionally,
there was no difference in pregnancy between high-producer
primiparous and multiparous cows. Producing high milk yield could
demonstrate fewer periparturient disorders in multiparous cows and
high-producer multiparous cows are more likely to have double ovu-
lation. Multiple ovulations may lead to a greater pregnancy rate com-
pared to high-producer primiparous cows (Peters & Pursley, 2002).

5 | CONCLUSION

The pregnancy rate was greater in cows that expressed oestrus
following synchronization with progesterone-based Ovsynch than
cows that did not express oestrus. Thus, the present study high-
lighted the importance of oestrous expression prior to FTAI to ob-

tain a higher pregnancy rate.
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