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ABSTRACT

Although timed artificial insemination programs (TAI) are widely implemented, the effectiveness
of field CO-Synch programs is less known. A clear understanding of overall pregnancy rates (PRs)
from controlled internal drug release (CIDR)-based TAI programs like 7-day CO-Synch (7DCOS)
or effectiveness of various prostaglandin delivery in 5-day CO-Synch (SDCOS) is not available.
This paper aimed to review pregnancy rates in 7DCOS and 5SDCOS (with different methods of
prostaglandin delivery). An analysis of 74 studies retrieved from Google Scholar, PubMed, and
ScienceDirect was done. The TAI-PRs were
expressed as Weighted TAI-PR (WTAI-PR) to
account for different trial sizes across various
studies. The WTAI-PR was 54.91% in cows and
53.50% in heifers under 7DCOS, and 51.75%,
50.38%, and 57.98% for cows and 52.84%,
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of PGF were effective, the cost was higher due to the extra labor for handling and purchase of
hormones. Both 5SDCOS and 7DCOS showed satisfactory pregnancy rates, but progesterone device
discomfort due to two additional days (7DCOS) are a welfare concern. There is a lack of studies
evaluating these programs in tropical climates. Future research should focus on the effect of unique
environmental conditions in the tropics on the success of these protocols.

Keywords: Beef cattle, CIDR, CO-synch, pregnancy rates, timed artificial insemination

INTRODUCTION

The beef production industry plays a crucial role in alleviating poverty and contributes
to achieving food security by providing essential nutrients and high-quality proteins,
particularly in regions where protein from other sources is limited (McAllister et al.,
2020). While one of the fundamental strategies for meeting this increasing demand is via
the increase in the number of calves per breeding season, breeders need to optimize their
production by reducing the cost of production (Dahlen et al., 2014).

Timed Artificial Insemination (TAI) programs were developed to bypass the need
for estrus detection, thereby reducing labor expenses and improving breeding efficiency
to overcome these challenges (Colazo & Mapletoft, 2014; Sa Filho et al., 2013). The
pioneering TAI protocol, Ovsynch, was first developed in the early 19" century and
facilitated the use of embryo transfer and Artificial Insemination at predetermined times by
controlling follicular dynamics, the luteal phase, and triggering synchronized ovulation of
the dominant follicle (B6 & Baruselli, 2014; Pursley et al., 1995). This protocol is mostly
used in intensive systems for dairy cattle, where multiple handling can be realized. However,
it is less feasible for beef cattle to be raised in extensive systems with less controlled
environments. Frequent handling is costly to breeders and more stressful for cattle. Thus,
protocols involving fewer animal handlings are more practical for beef cattle (Colazo &
Mapletoft, 2014; Geary et al., 2001).

Timed Artificial Insemination (TAI) protocols relevant to beef cattle, such as 7-day
CO-Synch (7DCOS) and 5-day CO-Synch (5DCOS) plus Controlled Internal Drug
Release (CIDR), have been developed to reduce animal handling and improve practicality
for breeders (Colazo & Mapletoft, 2014). CO-Synch protocols reduce the number of
animal handling by injecting a second GnRH Gonadotropin Releasing Hormone (GnRH)
concurrently at TAI (Geary et al., 2001). Although CO-Synch programs are commonly
utilized, the variability of PRs remains a challenge. For example, TAI-PRs from 7DCOS
ranged from 38.2 to 61.1% across studies, indicating that factors such as management
practices, environmental conditions, and physiology of cattle significantly affect pregnancy
outcomes (Dobbins et al., 2009). Whereas in SDCOS, Prostaglandin F2a (PGF) is delivered
using three methods: single dose, two separate doses, and double dose, but it is difficult to
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determine which method is the most effective. Stevenson et al. (2011) reported pregnancy
rates of 44.2% (for a single dose), 57.4% (for two separate doses) and 51.8% (for a double
dose), again demonstrating the variability of pregnancy outcomes and how different factors
affect it. This evidence shows that although various TAI programs are widely studied and
implemented, the effectiveness of CO-Synch programs at the field level is less known.
Moreover, a clear understanding of pregnancy rates resulting from CIDR-based TAI
programs such as 7DCOS or the effectiveness of various PGF delivery in 5SDCOS is not
available. By clearly understanding CO-Synch protocols, breeders can identify and choose
the most effective protocol that benefits them economically.

However, there are practical implications that cattle breeders may face. For instance,
one of the major practical challenges faced by breeders is enhancing reproductive efficiency
in extensive production systems where the cost of labor for estrus detection is expensive
and difficult to manage. Though effective, traditional breeding protocols that require heat
detection demand a huge amount of time and labor, which can be impractical for breeders
in extensively managed farms (Santos et al., 2022). It is particularly important in regions
with scarce labor resources and large cattle heads. Although CO-Synch protocols may offer
a potential solution to enhance reproductive efficiency in beef cattle, the cost of drugs, labor
and animal handling stress remains a key concern. In addition, different Al protocols will
have different cost implications arising from the duration of synchronization, number of
animal handlings, and quantity of hormone used. With an increase in global meat demand,
the beef cattle industry will have a significant role in future meat supply. Improvement in
Al technology will be necessary for enhancing reproduction and increasing the beef cattle
population. While such measures might have bigger implications for breeders in top beef
exporting countries such as the United States, European Union and Brazil, technological
transfer and use of Al by breeders in low-income countries will also become relevant
because of increasing meat consumption in these countries.

Therefore, this paper aims to review pregnancy rates in 7DCOS, pregnancy rates
obtained from different methods of prostaglandin delivery in SDCOS and other factors
affecting TAI-PRs outside of treatments in TAI programs.

METHODOLOGY
Literature Search Strategy

Literature was retrieved using the keywords: "Estrus Synchronization," "Timed Artificial
Insemination," "Pregnancy Rates," 'Beef Cattle," "CO-Synch," "CO-Synch," "CIDR,"
and "Controlled Internal Drug Release." Data extraction and calculation of Weighted
Timed Artificial Insemination Pregnancy Rates (WTAI-PRs) were carried out manually in
Microsoft Excel. The details of the literature selection process are presented in Figure 1.
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Figure 1. Flowchart for the process of literature selection

Selection of Literature for Review

Inclusion Criteria

This review included CO-Synch programs that relied solely on GnRH and PGF, with an
interval of five to seven days between initial GnRH and PGF. The interval duration between
CIDR" removal and TAI must be 48 to 72 hours and 56 to 72 hours for 7DCOS and
5DCOS, respectively. Furthermore, CO-Synch programs must exclusively utilize CIDR®
as a P4 source. Modified SDCOS programs (without initial GnRH with a single PGF) were
included. Likewise, SDCOS programs that administered two PGF2a doses (25 mg each)
concurrently, a single dose (25 mg), a double dose (50 mg) at CIDR® removal, and two
separate doses (25 mg each) at certain time intervals (initial dose at CIDR® removal) were

included. And lastly, the studies must be strict on beef cattle.
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Exclusion Criteria

The review excluded studies that utilized hormones other than GnRH and PGF, such as
eCG (equine chorionic gonadotropin), estradiol benzoate (EB), and hCG (human chorionic
gonadotropin). Similarly, studies that utilized intravaginal P4 devices other than CIDR® or
that did not utilize any P4 device between initial GnRH and PGF were excluded.

CO-SYNCH PROGRAMS AND VARIATIONS

Beef cattle subjected to 7DCOS received an intravaginal insert (CIDR®) and GnRH at the
initiation of synchronization. Seven days later, CIDR® was removed concurrently with an
injection of PGF. Fixed-time Al was performed 54 to 60 hours and 48 to 72 hours after the
CIDR® removal for heifers and cows, respectively. Cows and heifers subjected to 5DCOS
protocol either received an initial GnRH or no GnRH concurrent with CIDR® insertion. At
the time of CIDR® removal, cattle received either a single standard dose (25 mg), a single
large dose (50 mg)/double dose (2 x 25 mg concurrently), or two separate (2 to 24 hours
apart) doses of PGF on D3 (initial dose at CIDR® removal). Fixed time Al occurred 56 to
72 hours and 60 to 72 hours, respectively, for heifers and cows following CIDR® removal.
In both protocols, cattle received a second GnRH dose at the time of FTAI

The proestrus period, the time duration between luteolysis and Luteinizing Hormone
(LH) surge, was found to be associated with increased TAI-PRs. Bridges et al. (2008)
conducted a series of experiments to modify the traditional 7-day Cosynch program by
reducing the duration of P4 device exposure from 7 to 5 days to allow an extended proestrus
period, resulting in a 5-day Cosynch program. The authors compared TAI-PRs between
7DCOS (proestrus = 60 hours) and SDCOS (proestrus = 60 hours) programs in these
experiments. Their result showed similar TAI-PRs. However, in the two other experiments,
when proestrus duration in SDCOS was increased to 72 hours (60 hours in 7DCOS), TAI-
PRs were 13.3% (n=223) and 9.1% (n = 400) higher than 7DCOS program (p < 0.05). An
increased pregnancy rate in a lengthened proestrus duration in SDCOS was a result of a
lower incidence of ovulating immature follicles and increased gonadotropin exposure to
the preovulatory follicle. It leads to increased estradiol concentration before ovulation, a
key fertility determinant (Day, 2018). Estradiol is indispensable as it contributes to the
expression of uterine genes and proteins, which are responsible for the establishment of
pregnancy (Perry, Cushman et al., 2020).

Variations of 7DCOS plus CIDR® Protocol

The initial goal of the 7DCOS program was to breed 48 hours after PGF injection. However,
later studies have shown increased conception rates when artificial insemination was
performed 54-56 hours after PGF (Bridges et al., 2012). There are several variations in
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the interval between PGF and TAI. The 7DCOS program begins with an initial GnRH on
DO, PGF on D7, and a second GnRH injection concomitantly on the day of TAI: 60—66
hours (Lansford, 2018), 54—66 hours (Bridges et al., 2012) 60 hours (Bridges et al., 2008),
72 hours (Mellieon et al., 2012; Randi et al., 2021), and 66 hours (Andersen et al., 2021)
after the P4 device removal.

Variations of 5DCOS plus CIDR® Protocol

The increased length of proestrus (the duration between PGF and GnRH-induced LH
surge or interval from the removal of the P4 device to GnRH/TAI) demonstrated an
increased pregnancy rate (Bo et al., 2016; Day, 2018; de la Mata et al., 2018). To allow a
longer proestrus, Bridges et al. (2008) modified the traditional 7DCOS by shortening the
duration of intravaginal device exposure from 7 to 5 days, resulting in the SDCOS protocol.
However, this modification led to the formation of immature Corpus Luteum (5 days old)
on the day of PGF that resists complete luteolysis. Thus, researchers proposed delivering
two doses of PGF to completely lyse the young 5-day-old CL. As a result, there have been
concerns among researchers that the extra handling of animals and the cost associated
with additional PGF may discourage the implementation of the SDCOS program. Greater
pregnancy rates were reported for SDCOS compared to 7DCOS. However, increased TAI
pregnancy rates in the former failed to offset the extra cost associated with additional PGF
dose and animal handling (Peel et al., 2010). To reduce the cost of implementing the SDCOS
program, Gunn et al. (2015) conducted a trial with and without a P4 device. Significantly
lower pregnancy rates in cows without the P4 device were observed.

Generally, SDCOS yielded greater TAI-PRs than the 7DCOS program. Several
biological mechanisms have been proposed for increased PRs observed in the former
program. The reduced P4 exposure in the SDCOS program improves the development
of follicles. It restricts the emergence of older, less viable follicles, which results in the
ovulation of younger, healthier follicles with good oocyte quality (Day, 2015). This
results in more precise control of ovulation and LH surge because of tighter ovulation
synchronization with TAI (Bridges et al., 2018). Additionally, SDCOS supports the healthy
development of CL, which produces a higher concentration of progesterone and is essential
for early embryonic development and maintaining pregnancy (Lamb et al., 2006). In
contrast, 7DCOS due to extended P4 exposure, risk of ovulating persistent follicles with
low-quality oocytes, and weaker CL with low P4 level may lead to early embryonic loss
and reduce PRs (Bridges et at., 2010). Although SDCOS showed greater TAI-PRs compared
to 7DCOS, it is suggested that the choice of protocol must be based on the local condition
and management practices (Whittier et al., 2013).
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One or Two Doses of PGF in the SDCOS Protocol

Several studies have investigated the need for one or two doses of PGF in a SDCOS
program. Studies have shown improved pregnancy rates when two doses were given six
to eight hours apart, with an initial dose administered concomitantly at P4 device removal.
For instance, Stevenson et al. (2011) conducted a multi-location study, which included 2420
postpartum beef cows, to compare the effectiveness of single, double and two separate
doses of PGF at 8-hour intervals. The highest TAI-PR was observed in cows receiving
two PGF doses 8 hours apart, followed by doubled and single doses. A similar study by
Kasimanickam et al. (2009) found significantly greater TAI-PRs in cows that received two
separate doses of PGF (Dinoprost: 7 hours apart, 69.0%) compared to a single PGF dose
(Diniprost: 52.0%) and a single dose of Cloprostenol (54.3%).

Timing of TAI in 7DCOS Protocol

The timing for TAI in the 7DCOS plus CIDR® protocol ranged from 48 to 72 hours after
P4 device removal, with varying pregnancy rates. A comparison of FTAI-PR in postpartum
beef cows resulting from inseminations performed 54 and 66 hours after CIDR® removal
resulted in significantly greater PRs when inseminated at 66 hours (61 vs. 67%, p = 0.05)
(Busch et al., 2008). Similarly, the pregnancy rate in beef cows after inseminating at 56
and 64 hours after PGF administration was greater compared to 48 hours (p < 0.01), but
it was not different from 72 hours (Dobbins et al., 2009). The breeding time for beef cows
and heifers has been recommended at 60 to 66 hours and 52 to 56 hours after P4 device
withdrawal (Johnson et al., 2010). An expert review article published by Bridges et al.
(2012) reported an average TAI-PR of 55%, 54%, and 51% when TAI was performed at
48, 54-66, and 72 hours, respectively, after CIDR® removal, with a range of 45 to 66%.

Timing of TAI in SDCOS Protocol

When 5DCOS was first developed, PR from TAI at 60 and 72 hours after CIDR® removal in
postpartum beef cows was 56.8% and 65.3%, respectively (Bridges et al., 2008). Likewise,
an acceptable pregnancy rate of (52% to 57%) was achieved using SDCOS + CIDR® by
inseminating at 72 hours after CIDR® withdrawal (Whittier et al., 2010). Whereas most beef
heifers were observed to express estrus behaviors 24 hours before TAI occurred. Based on
this observation, Kasimanickam et al. (2012) hypothesized that the TAI-PRs in beef heifers
would improve if breeding were performed 56 hours after CIDR® removal instead of 72
hours, and this was shown when the TAI-PR was 10.3% higher in heifers inseminated at
56 compared to 72 hours after CIDR® removal.
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Comparison of Efficiency and Cost Effectiveness Between SDCOS and 7DCOS

In general, there are some differences between SDCOS and 7DCOS in terms of efficiency
and cost-effectiveness (Table 1). For instance, higher pregnancy rates were observed in
5DCOS when two PGF were given compared to 7DCOS. However, an extra PGF dose
in 5DCOS will increase the overall cost of implementation, and there is a need to assess
whether the extra cost offers the advantage of having higher pregnancy rates in SDCOS
compared to the 7DCOS program.

Table 1
Summary comparison of 5SDCOS and 7DCOS

Parameter 5DCOS 7DCOS

Pregnancy rates Slightly higher in some studies =~ Moderate to high but variable
(5-10%)

Hormonal treatments Require 2PGF Single PGF

Labor and cost Higher due to additional Lower, fewer animal handling
treatment

Follicular dynamics Younger dominant follicle (High Older dominant follicle (Low
Estradiol production) estradiol production)

Corpus luteum (CL) regression ~ Complete with 2 Prostaglandin Single PGF dose
F2a (PGF) doses

Duration of P4 device exposure 5 Days 7 Days
Cost-effectiveness Higher cost but effective with Lower cost and effective with a
two doses of PGF single PGF dose

PREGNANCY RATES IN CO-SYNCH PROGRAMS

Based on the inclusion and exclusion criteria, a total of 74 trials were thoroughly reviewed

(50 on cows and 24 on heifers). Of these, 48 trials implemented the 5SDCOS +CIDR®
protocol, while the remaining 26 implemented the 7DCOS+CIDR® protocol (Figure 1).
The TAI-PRs were expressed as weighted timed-Al pregnancy rates (WTAI-PR) to account
for different trial sizes across various studies. It was calculated as:

WTAI-PR (%) = (Sum of weighted values/Total number of animals) [1]
where, weighted values = Number of Animals X TAI-PR%

The consolidated WTAI-PR for different methods of PGF delivery in SDCOS + CIDR®
is presented in (Figure 2, Tables 2, 3, 4, and 5). The highest WTAI-PRs were observed
with two separate doses of PGF. Meanwhile, in the 7DCOS program, TAI-PRs between
cows and heifers were similar (Figure 3, Table 5). Irrespective of the animal category,
the WTAI-PRs among experimental regions varied from 53% to 58.7% for 5SDCOS and
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Figure 2. Weighted Timed Artificial Insemination Pregnancy Rates (WTAI-PR) in cows and heifers with
5DCOS +CIDR® program based on different methods of Prostaglandin delivery. The numbers in the center

of the bar indicate the total number of animals
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Figure 3. Weighted Timed Artificial Insemination Pregnancy Rates (WTAI-PR) in cows and heifers with the
7DCOS +CIDR® program. The numbers in the center of the bar indicate the total number of animals

7DCOS programs and were similar (Figure 4). Five studies, Russia (n=2) and Canada
(n=2), have been excluded because of regional differences (outside USA). However, their
data was included for breed-based TAI-PRs analysis. Among the cattle breeds employed,
WTAI-PRs varied from 53.48% to 58.11% and were similar. Table 6 and Table 7 show
WTAI-PRs resulting from sex-sorted semen using the 7DCOS program in cows and
heifers. The WTAI-PRs varied from 40.67% to 44.14%. However, there were no studies
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that employed SDCOS for sex-sorted semen. Overall, WTAI-PR was 54.91% in cows and
53.50% in heifers under 7DCOS, and 51.75%, 50.38%, and 57.98% for cows and 52.84%,
51.90%, and 58.42% for heifers treated with SDCOS plus CIDR® with a single (25 mg),
double (50 mg)/two simultaneous doses (25 mg each) or two separate doses (25 mg, 2 to
24 hours apart) of prostaglandin (PGF).
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Figure 4. Comparison of Weighted Timed Artificial Insemination Pregnancy Rates (WTAI-PR) between
5DCOS and 7DCOS programs across geographical locations
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Figure 5. Comparison of weighted timed-Al pregnancy rates between SDCOS and 7DCOS programs across
cattle breeds
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Timed Al Pregnancy Rates from Various Published Reports

The Weighted Timed Artificial Insemination Pregnancy Rates (WTAI-PRs) resulting from
single (standard), single large dose (double dose), two separate doses (2-24 hours part)
of PGF are provided below (Table 2-4). While Table 5 shows WTAI-PRs resulting from
7DCOS + CIDR protocol in beef cattle.

Table 2
WTAI-PR for 5SDCOS +CIDR® protocol in beef cattle using a single standard dose of PGF at CIDR®
withdrawal

Cows
n PGF to TAI-PR Notes Reference(s)
AlL(h) (%)
277 72 52.0 25 mg Dinoprost
Kasimanickam et al. (2009)
271 72 543 500 pg Cloprostenol
197 72 442 25 mg Dinoprost Stevenson et al. (2011)
815 72 48.0 25 mg Dinoprost Bridges et al. (2012)
100 72 62.0 25 mg (Lutalyse® HighCon, Zoetis) Corpron et al. (2019)
90 66 63.0 500 ng Cloprostenol (modified Macmillan et al. (2020)
108 72 68.0 SDCOS)
WTAI-PRs 51.75 293
Heifers
264 72 54.2 25 mg Dinoprost Peterson et al. (2011)
290 56 50.3 Modified 5SDCOS (25 mg
Dinoprost) Kasimanickam et al. (2014)
263 56 59.7 25 mg Dinoprost
408 72 50.5 Modified 5SDCOS (25 mg
Dinoprost) Cruppe et al. (2014)
415 72 54.9  25mg Dinoprost
144 56-59 63.9 Modiﬁed 5DCOS (25 mg Ahmadzadeh et al. (2015)
Dinoprost)
293 56 54.9 25 mg Dinoprost White et al. (2016)
300 72 41.1 500 pg Cloprostenol Macmillan et al. (2020)
WTAI-PRs 52.84

Note. PGF-AI (h) = Time interval between CIDR® removal to TAI, TAI-PR (%) = Pregnancy rates to timed
artificial insemination, 5SDCOS + CIDR® = Initial GnRH + CIDR" insertion (D0), single PGF (25 mg
standard dose on D5) at CIDR® removal, TAI of 72 and 56-72 hours (beef cows and heifers respectively)
after CIDR® removal, Modified 5DCOS: Same as standard 5SDCOS protocol except without initial GnRH
and second PGF
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WTAI-PR for 5DCOS +CIDR® protocol in beef cattle using a single large dose or two standard doses (i.e.,

doubled dose) concurrently

Cows
n  PGF to Al (h) TAI-PR (%) Notes Reference(s)
199 72 51.8 50 mg Dinoprost as single dose Stevenson et al. (2011)
829 72 51.0 Concurrently (2 x 25 mg each) Bridges et al. (2012)
203 72 51.0 Concurrently (2 x 25 mg each) Ahmadzadeh et al.
(2021)
551 72 49.5 Concurrently (2 x 500 pg Cloprostenol)
with 100 pg initial GnRH Rojas Canadas et al.
550 72 49.6 Concurrently (2 x 500 ug Cloprostenol) (2023)
with 200 pg initial GnRH
WTAI-PRs 50.38
Heifers
291 56 51.9 50mg Dinoprost as single dose White et al. (2016)
WTAI-PRs 51.9

Note. PGF-AI (H) = Interval from CIDR® removal to TAI (Timed-Al), TAI-PR (%) = Timed Al pregnancy
rate, 5SDCOS +CIDR® = Initial GnRH + CIDR® insertion (D0), double PGF (Either two doses of 25 mg
concurrently or single large dose of 50mg) at CIDR® removal, TAI at 72 and 56-72 hours (for beef cows
and heifers respectively) after CIDR® removal

Table 4

WTAI-PRs for 5SDCOS +CIDR® protocol in beef cattle using two separate doses of PGF (2 — 24 hours
interval, initial PGF at CIDR® removal)

Cows
n  PGF-AI TAI-PR PGF Delivery Notes Reference(s)
(h) (%)

111 60 56.8 12 hours later 25 mg each Dinoprost
105 72 80.0 12 hours later 25 mg each Dinoprost  Bridges et al. (2008)
199 72 65.3 12 hours later 25 mg each Dinoprost
282 72 69.0 7 hours later 25 mg each Dinoprost Kasimanickam et al.

(2009)

89 72 54.5 3 hours later 500png Cloprostenol Johnson et al. (2009)
210 72 67.0 12 hours later 25 mg each Dinoprost  Wilson et al. (2010)
881 72 52.7  2.25+0.05 hours later 25 mg each Dinoprost .

. Whittier et al. (2010)

901 72 57.2  6.45+0.03 hours later 25 mg each Dinoprost
217 72 50.3 6 hours later 25 mg each Dinoprost

. Peel et al. (2010)

216 72 51.1 12 hours later 25 mg each Dinoprost
195 72 57.4 8 hours later 25 mg each Dinoprost  Stevenson et al. (2011)
821 72 55 8 hours later 25 mg each Dinoprost  Bridges et al. (2012)
911 72 58.1 6 hours later 25 mg each Dinoprost ~ Whittier et al. (2013)
438 72 62.3 2 to 10 hours later N/A Gunn et al. (2015)
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Cows
n  PGF-AI TAI-PR PGF Delivery Notes Reference(s)
(h) (%)
100 72 71.0  7-11 hours later 25 mg each Dinoprost Corpron et al. (2019)
201 72 52.0 8 hours later 25 mg each Dinoprost Ahmadzadeh et al. (2021)
208 72 61.0 24 hours later 500pg Cloprostenol Zwiefelhofer et al. (2021)
WTAI-PRs 57.98
Heifers
298 72 62.1 6 hours later 25 mg each Dinoprost  Peterson et al. (2011)
554 56 66.2 6 hours later 25 mg each Dinoprost Kasimanickam et al.
544 72 55.9 6 hours later 25 mg each Dinoprost  (2012)
237 56 50.2 6 hours later 25 mg each Dinoprost
(without initial GnRH) Kasimanickam et al.
228 56 58.3 6 hours later 25 mg each Dinoprost  (2014)
(with initial GnRH)
270 72 62.6 >4 hours later 25 mg each Dinoprost  Bridges et al. (2014)
1887 56 55.5 6 hours later 25 mg each Dinoprost Kasimanickam et al.
718 72 57.8 6 hours later 25 mg each Dinoprost  (2015)
291 56 63.6 6 hours later 25 mg each Dinoprost White et al. (2016)
153 72 66.7 24 hours later 500ug Cloprostenol Zwiefelhofer et al. (2021)
WTAI-PRs 58.42
Table 5

WTAI-PR to 7DCOS + CIDR® protocol in beef cattle

Cows

n  PGF-AI(h) TAI-PR (%) Notes

Reference(s)

539 60 54.0 25 mg Dinoprost Larson et al. (2006)
365 64 44.7 25 mg Dinoprost Kasimanickam et al. (2006)
599 60 52.0 25 mg Dinoprost Kasimanickam et al. (2008)
112 60 52.7 25 mg Dinoprost
111 60 66.7 25 mg Dinoprost Bridges et al. (2008)
201 60 56.2 25 mg Dinoprost
424 54 61.0 25 mg Dinoprost
. Busch et al. (2008)
427 66 67.0 25 mg Dinoprost
89 56 53.4 500 pg, Cloprostenol Johnson et al. (2009)
736 66 51.5 Fresh semen
(25 mg Dinoprost)

Bucher et al. (2009)

719 66 59.0 Frozen semen

(25 mg Dinoprost)
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Cows
n PGF-AI (h) TAI-PR (%) Notes Reference(s)
136 48 38.2 25 mg Dinoprost
157 56 61.1 25 mg Dinoprost .
. Dobbins et al. (2009)
170 64 51.8 25 mg Dinoprost
142 72 47.2 25 mg Dinoprost
209 66 67.0 25 mg Dinoprost Wilson et al. (2010)
619 60 54.6 25 mg Dinoprost Echternkamp & Thallman (2011)
906 66-72 55.1 25 mg Dinoprost Whittier et al. (2013)
773 66 54.0 25 mg Dinoprost
383 66 60.0 Conventional semen (500 pg
Cloprostenol) Mercadante et al. (2015)
386 66 44.0 Sexed semen (500 pg
Cloprostenol)
WTAI-PRs 54.91
Heifers
531 60 53.0 25 mg Dinoprost Lamb et al. (2006)
109 54 47.0 25 mg Dinoprost Busch et al. (2007)
145 375 33.0 Kggﬁ;ﬁiﬁ; GnRH (25 A hmadzadeh et al. (2015)
498 54 55.0 25 mg Dinoprost Mercadante et al. (2015)
433 60 342 I]S?;ilgrsj:t)H ighCon (25 mg Kasimanickam et al. (2021)
WTAI-PRs 53.50

Note. TDCOS + CIDR®= Initial GnRH + CIDR" insert (DO0), PG (single PG, 25mg) on D7, TAI/GnRH:
48-72 and 54—60 hours in cows and heifers respectively after CIDR® removal

Table 6 Table 7
Cows under 7DCOS (Sex-sorted) Heifers under 7DCOS (Sex-sorted)
n TAI-PR (%) Reference(s) n TAI-PR (%) Reference(s)
187 22.32 MacMurracy et al. 356 36.90 Oosthuizen et al.
(2020) (2021)
405 48.00 Thomas et al. (2019) 360 42.10 Oosthuizen et al.
338 44.00 Andersen et al. (2021) (2021)
88 40.20 Aubuchon et al. (2022) 78 51.30 Crite et al. (2018)
386 44.00 Mercadante et al. n=794  WTAI-PRs
(2015) (40.67)
276 53.30 Crite et al. (2018)
40 55.00 Crite et al. (2018)
n=1720 WTAI-PRs
(44.14)

794
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Country and experimental area climatic zones

Country

Authors

Climate

Virginia, USA
Manhattan, USA
Florida, USA
Colorado, USA
Moscow, Russia
Alberta, Canada
Washington, USA
Washington, USA
Ohio, USA
Idaho, USA
Washington, USA
Manhattan, USA
Colorado, USA
Idaho, USA
Ohio, USA
Washington, USA
Colorado, USA
Virginia, USA
Manhattan, USA
Missouri, USA
Virginia, USA
Colorado, USA
Manhattan, USA
Colorado USA
Virginia, USA
Pardue, USA
Moscow, Russia
Moscow, Russia
Alberta, Canada
Washington, USA
Virginia, USA
Washington, USA
Colorado USA
Virginia, USA
Washington, USA
Alberta, Canada
Minnesota, USA
Virginia, USA
Virginia, USA

Kasimanickam et al. (2009)
Stevenson et al. (2011)
Mercadante et al. (2015)
Bridges et al. (2012)
Corppron et al. (2019)
Macmillan et al. (2020)
Peterson et al. (2011)
Kasimanickam et al. (2014)
Cruppe et al. (2014)
Ahmadzadeh et al. (2015)
White et al. (2016)
Stevenson et al (2011)
Bridges et al. (2012)
Ahmadzadeh et al. (2021)
Rojas Canadas et al. (2023)
White et al. (2016)

Bridges et al. (2008)
Kasimanickam et al. (2009)
Johnson et al. (2009)
Wilson et al. (2010)
Whittier et al. (2010)

Peel et al. (2010)
Stevenson et al. (2011)
Bridges et al. (2012)
Whittier et al. (2013)

Gunn et al. (2015)

Corpron et al. (2019)
Ahmadzadeh et al. (2021)
Zwiefelhofer et al. (2021)
Peterson et al. (2011)
Kasimanickam et al. (2012)
Kasimanickam et al. (2014)
Bridges et al. (2014)
Kasimanickam et al. (2015)
White et al. (2016)
Zwiefelhofer et al. (2021)
Larson et al. (2006)
Kasimanickam et al. (2006)
Kasimanickam et al. (2009)

Humid, Subtropical

Humid subtropical
Humid subtropical
Semi-arid

Humid continental
Continental
Temperate
Temperate
Humid- continental
Temperate
Temperate

Humid subtropical
Semi-arid
Temperate

Humid continental
Temperate
Semi-arid

Humid subtropical
Humid subtropical
Continental
Humid subtropical
Semi-arid

Humid subtropical
Semi-arid

Humid subtropical
Continental
Humid continental
Humid continental
Continental
Temperate

Humid subtropical
Temperate
Semi-arid
Temperate
Temperate
Continental
Humid continental
Humid subtropical
Humid subtropical
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Country Authors Climate
Colorado, USA Bridges et al. (2008) Semi-arid
Missouri, USA Busch et al. (2008) Continental

Manbhattan, USA
Virginia, USA
Manbhattan, USA
Missouri, USA
Nebraska, USA
Virginia, USA
Virginia, USA
Florida, USA
Minnesota, USA
Missouri, USA
Idaho, USA
Florida, USA
Virginia, USA

Johnson et al. (2009)
Bucher et al. (2009)
Dobbins et al. (2009)
Wilson et al. (2010)
Echternkamp and Thallman (2011)
Whittier et al. (2013)
Whittier et al. (2013)
Mercadante et al. (2015)
Lamb et al. (2006)

Busch et al. (2007)
Ahmadzadeh et al. (2015)
Mercadante et al. (2015)
Kasimanickam et al. (2021)

Humid subtropical
Humid, Subtropical
Humid subtropical
Continental

Humid continental/semi-arid
Humid, Subtropical
Humid, Subtropical
Humid subtropical
Humid continental
Continental
Temperate

Humid subtropical
Humid subtropical

FACTORS AFFECTING TAI-PREGNANCY RATES

A variety of factors influence the TAI-PRs in cattle, and these can differ based on specific
synchronization methods used, management practices, and characteristics of the cattle
population. The meta-analysis report by Richardson et al. (2016) revealed that the body
condition score, expression of estrus before Al, and cyclicity had the greatest influence on
conception rates in beef cows exposed to TAI programs. Some of the key factors impacting
TAI-PRs are discussed below.

Body Condition Score (BCS)

The impact of BCS on reproductive performance in cattle has been extensively studied
(D’Occhioetal., 2019; Nazhat et al., 2021; Wang et al., 2019). Body condition scores serve
as a crucial indicator of the adipose tissue content in cattle, and it is widely acknowledged
by both animal scientists and livestock producers as a fundamental element of dairy cow
management and is considered a valuable tool for subjectively assessing the levels of body
energy reserves (Pfeifer et al., 2021; Roche et al., 2009). Negative energy balance (NEB)
affects the resumption of the postpartum ovarian cycle by impeding LH pulse frequency
as well as decreasing blood glucose and insulin growth factor-1 (IGF-1), which altogether
prevents E2 production by preovulatory follicles (Butler, 2001). In cows with high milk
yield, persistent NEB increases the incidence of anestrus due to smaller dominant follicles,
leading to insufficient E2 production to cause ovulation (Roche & Diskin, 2001). Inadequate
body condition causes failure to resume cyclicity and prolongs the calving interval, a good
indicator of herd productivity (Eversole et al., 2005).

796 Pertanika J. Trop. Agric. Sci. 48 (3): 781 - 813 (2025)



Pregnancy Rates in Beef Cattle via Timed Al

Furthermore, cattle with low energy levels fail to express estrus, which is an important
indicator of pregnancy success (Wiltbank et al., 1962). For instance, cattle with poor BCS
at calving take longer to resume cyclicity (D’Occhio et al., 2019). The overall reproductive
parameters such as calving rate, weaning weight, and number of calves weaned are greater
in beef cows with BCS > 5 compared to cows with BCS < 5 (1-9 scale) (Cooke et al.,
2021). Similarly, Vedovatto et al. (2022) demonstrated greater pregnancy rates and estrus
expression in cows with BCS <5 than BCS <5 in beef cattle. Furthermore, in suckling beef
cows that were exposed to TAI, PRs were greater in high (> 3.5) and moderate (2.75-3.25)
BCS compared to low (2-2.5) in 1-5 scale BCS) (Nishimura et al., 2018). It was reported
that one of the major reasons for suckling beef cows failing to resume cyclicity after calving
is due to inadequate BCS at calving time (Crowe et al., 2014). Whittier et al. (2013) also
observed lower TAI-PRs for cows with BCS <4 (49.3%) compared to those > 6 (55.8%).

Apart from BCS alone, understanding other factors that interact together to impact TAI
outcomes is crucial in improving herd productivity. For instance, older cows with good BCS
may fail to give satisfactory pregnancy rates due to reduced ovulation rates, inadequate
GnRH release, and poor egg quality. Similarly, heifers with ideal BCS may not perform well
in the tropics due to heat stress. On the other hand, an effective synchronization protocol
coupled with good BCS may contribute positively to pregnancy outcomes. For optimizing
breeding programs, breeders must be aware of such interactions while implementing TAI
programs. Setiaji et al. (2023) reported that BCS and breeding season affected conception
rates whereby, cows with BCS 3 and 4 (1 to 5 scale) had better conception rates during
autumn, while cows with BCS of 5 showed the highest conception rates during autumn and
winter. However, lower rates during spring and summer indicating some seasons have more
favorable conception rates than others. Furthermore, the success of postpartum rebreeding
is attributed to the combined effect of BCS and nutrient availability in the feed, as higher
BCS causes increased plasma P4, which is crucial for maintaining pregnancy (Randel.,
1990; Vedovatto et al., 2022).

Expression of Estrus Before TAI

The impact of estrus expression in cattle subjected to TAI programs has been substantially
documented. The occurrence of estrus before TAI has a beneficial effect on pregnancy
rates. It is attributed to its ability to modify the uterine environment, enhance the number
of'accessory sperm, improve fertilization rates, and promote embryo survival (Richardson
et al., 2016). Additionally, sex steroids alter the composition of cervical mucus during
estrus, facilitating the movement of spermatozoa through the cervix to achieve successful
fertilization (Tsiligianni et al., 2011). The effect of estrus expression before TAI was revealed
in the meta-analysis by Richardson et al. (2016), where beef cows that had exhibited estrus
before TAI had 27% greater PRs compared to those not expressing estrus. Similarly, Cedefio
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et al. (2020) examined the influence of estrous expression on pregnancy rates in an embryo
transfer (ET) program and found that recipient cows that exhibited estrus had a significantly
higher PR/ET compared to cows that did not exhibit estrus (39.0% vs. 25.0%) regardless of
the type of treatments. They also observed higher calving rates and lower pregnancy losses
in recipient cows that exhibited estrus. Furthermore, Sa Filho et al. (2011) demonstrated
larger follicle size, greater ovulation rate, larger CL, and a higher P4 concentration in cows
that expressed estrus prior to Al. This knowledge is of particular importance in programs
that utilize expensive sex-sorted semen. By selectively distributing sex-sorted semen to
females that exhibit estrus, the cost per pregnancy may be lowered, and pregnancy rates
may be enhanced. In the study by Perry, Walker et al. (2020), higher conception rates for
both conventional and sexed-sorted semen were observed in females who exhibited estrus
in a TAI program—additionally, B6 and Cedefio. (2018) also observed greater PRs and
lower pregnancy losses in cows displaying estrus that utilized embryos generated from
in-vitro and in-vivo methods. Furthermore, the overall TAI-PRs in postpartum cows were
significantly higher (»p = 0.01) in cows that showed estrus behaviors before TAI compared
to those that did not (73.0 Vs. 45.0%) (Nash et al., 2012). The results from these studies
indicate a positive impact of estrus expression on pregnancy outcomes in a TAI Program.
The expression of estrus is dependent on several factors, irrespective of its detection
efficiency. Estradiol from the dominant follicle plays a vital role in inducing sexual behavior
in cattle, and it triggers luteinizing hormone surge to cause ovulation. Thus, a hormonal
environment that supports intense estrus behaviors is closely associated with timely
ovulation and fertilization. The interaction between BCS and estrus expression is well-
documented. Cows with higher BCS are more likely to show estrus behaviors than those
with low BCS, which, in turn, improves their likelihood of successful breeding (Nazhat
et al., 2021). Conversely, cows with low BCS may either fail to express estrus behaviors
or lack intensity, resulting in reduced TAI-PRs following synchronization because of low
energy reserve, which impacts the production of reproductive hormones. In contrast, over-
conditioned cows may suffer from metabolic disorders (Bisinotto et al., 2010).

Stage of Estrous Cycle at the Initiation of the TAI Program

The estrous cycle stage at the initiation of the TAI program can be determined by ultrasound
examination to identify the presence or absence of CL. Additionally, transrectal palpation
and quantification of milk or blood P4 can be used to determine the presence of CL.
Significantly higher PRs were observed in beef heifers that possessed CL at the initiation
of the TAI program compared to those that did not (71.3 vs. 59.0%) (Nuiiez—Olivera et
al., 2022). This finding also aligns with the report of Stevenson et al. (2011), where cyclic
lactating postpartum beef cows subjected to SDCOS plus CIDR® protocol had greater
TAI-PRs than those not-cycling (53.4 vs. 45.6%). They also observed that those cows
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possessing CL at the initiation of the program were 1.5 times more likely to get pregnant.
Similarly, the conception rate of cyclic beef cows (66.0%) was significantly higher than
that of anestrus cows (53.0%), irrespective of the TAI protocols used (Geary et al., 2001).
In the meta-analysis by Borchardt et al. (2020), lactating cows that had functional CL at
the initiation of the TAI program had a 10.0% improved PR/AI. A greater TAI-PR was
also reported by Mercadante et al. (2015) in suckling beef cows, where cows with CL
at the initiation of the TAI program had significantly higher pregnancy rates compared
to those that did not (66.3% vs. 39.4%, p = 0.012). The increased pregnancy rates in
cows with CL may be due to increased endogenous P4 concentration, which improved
ovulation synchronization and oocyte/follicle maturation, and due to a positive effect on
the endometrium (Bisinotto et al., 2015).

Cyclicity during protocol initiation has been closely linked to animal’s BCS. Cattle with
BCS of 3-4 (5-scale point) are more likely to be cyclic and better respond to TAI programs.
Furthermore, cyclicity is not only affected by BCS but also impacts how cows respond to
hormonal treatments in TAI programs (Lucy, 2007). The likelihood of estrus rates in heifers
synchronized using a modified SDCOS program revealed a significant interaction between
the presence of corpus luteum, the treatment protocol, and eCG treatment (Macmillan et al.,
2020). CL on the ovary indicates a normal estrous cycle in cattle. It serves as an important
source of P4, which in turn improves estrus synchronization, which is one of the possible
reasons for stimulating puberty in heifers and helps resume postpartum estrus in cows
supplemented with P4 at the initiation of synchronization (Kasimanickam et al., 2020).

Breeding Season

The impact of TAI programs on pregnancy rates was variable across several breeding
seasons. It suggests that the efficacy of treatment protocols depends on the breeding
season under consideration. For instance, a significant effect of the breeding season on
pregnancy rates was observed in suckled beef cows (Bilbao et al., 2019; Randi et al.,
2021). The conception rate for dairy cattle after the first post-calving insemination was
lowest during the summer (Souames & Berrama, 2020) and this may be attributed to the
increased ambient temperature leading to heat stress as it negatively impacts fertilization
and embryo survival. Spring is commonly targeted for cattle breeding as it allows calves
to be born in more favorable weather conditions that minimize the risks of cold stress to
newborns and increase calf survivability (Keskin et al., 2016).

However, in tropical regions of the world, cattle breeding requires careful consideration
of environmental, nutritional, and reproductive factors, as extreme heat and rainfall may
negatively affect fertility. Targeting cooler and drier months of the year can help reduce
heat stress and improve pregnancy rates. Additionally, scheduling breeding after the rainy
season will ensure sufficient fodder availability to maintain a healthy body condition score.
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Anestrus is a common condition among cattle in tropical regions characterized by shorter
estrus periods, mostly occurring at night, affecting Al programs. The use of hormonal
treatments consisting of progesterone device, GnRH, PGF, eCG, and Estradiol benzoate
results in consistent pregnancy rates in Bos indicus cows adapted in this region and could
be an alternative to improve breeding efficiency (Baruselli et al., 2004).

Environmental and Management Factors

Environmental and managemental factors play a vital role in TAI-PRs in beef cows by
influencing cows’ physiology, reproductive efficiency, and overall herd fertility. Extreme
temperature, particularly heat stress, impairs ovarian functions, reduces oocyte quality,
affects embryo development, and lowers PRs (De Rensis & Scaramuzzi, 2003). Deficiency
of nutrients and inadequate BCS cause a delay in estrus expression with poor response
to synchronization, leading to reduced conception rates (B6 et al., 2002). Furthermore,
management practices such as poor estrus detection, improper animal handling during
synchronization and Al, and faults in semen storage or handling can lower Al success
(Diskin & Morris, 2008). Proper herd management, optimizing nutritional requirements,
and reducing stress are essential to enhancing TAI-PRs in beef cows.

LIMITATIONS
Exclusive Focus on Beef Cattle

The techniques examined in this review solely relied on data obtained from beef cattle
studies, which may restrict the results' applicability to other cow populations and breeds.
Further studies should strive to include a broader spectrum of cattle demographics in
conducting a more thorough and complete assessment.

Restriction to CIDR® as a Progesterone Source

The review selectively considered manuscripts that employed CIDR® as the source of
progesterone, which may have restricted the findings' applicability to other progesterone
devices. Future reviews could incorporate a more diverse range of progesterone devices
to provide a more holistic understanding of the efficacy of different protocols.

Inclusion of Data from Sex-sorted Semen

Pregnancy rates resulting from sexed semen are usually lower than conventional semen.
Thus, the inclusion of data from sexed sorted semen may have contributed nuance to the
overall findings. Future reviews should consider adding information for non-conventional
semen.
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Potential Biases in Reviewed Studies

The overall WTAI-PRs reported in our review may also be limited because of potential
biases. Firstly, the trial size of the reviewed papers ranged from a minimum of 40 to a
maximum of 1887 across studies. The applicability of results from a small trial size may
affect the reliability of the findings and complicate application in a larger population in the
practical setting. Secondly, most studies reviewed were from the states of the United States
of America, where heat stress is seasonal, unlike in the tropics, where heat stress is year-
round, which may negatively affect breeding outcomes. Thirdly, the type of cattle breeds
used for experiments are mostly exotic or their crosses. Such results cannot be generalized
to Bos indicus and other local breeds in tropical regions. Lastly, most reviewed studies do
not specify the management practices of experimental animals. Therefore, our WTAI-PRs
were unable to account for the effect of different management practices, including diet,
humidity, and type of husbandry practices.

DISCUSSION

This paper reviewed pregnancy rates in 7DCOS and pregnancy rates obtained from different
methods of prostaglandin delivery in SDCOS. Other factors besides the treatments used
in TAI programs were also observed. A WTAI-PR of 54.91% and 53.5% in 7DCOS for
cows and heifers were observed (Figure 3). The WTAI-PR for SDCOS were reviewed
separately for single, double, and two separate doses, with the results showing 51.75%
and 52.84% (single dose), 50.38% and 51.90% (double), and 57.98% and 58.42% (two
separate doses) for cows and heifers respectively (Figure 2). Outside of these treatment
protocols, factors such as body condition score, breeding season, estrus expression prior
to TAIL, and cyclicity prior to treatment initiation also influenced TAI-PRs. The WTAI-PRs
based on geographical locations of the experiment and cattle breed is shown in Figure 4
and 5 respectively.

Although the increased length of proestrus indicated by the duration between PGF
and GnRH-induced LH surge or the interval from the ejection of P4 device to GnRH/TAI
should show increased pregnancy rates (Bo et al., 2016; Day, 2018; de la Mata et al., 2018),
WTAI-PRs in both 7DCOS and SDCOS when PGF is delivered in a single and double
dose were comparable. It shows that reducing the number of synchronization durations
(from a minimum of nine days in 7DCOS to eight days in SDCOS) and CIDR® exposure
duration (from seven days in 7DCOS to five days in SDCOS) has no impact on TAI-PRs.
However, two separate PGF doses had a higher WTAI-PR in 5SDCOS compared to 7DCOS,
in which PGF is always delivered as a one-time dose (single and double). Reducing the P4
device exposure from seven days to five resulted in a young immature corpus luteum that
resisted complete luteolysis, and two PGF doses in SDCOS are required (Bridges et al.,
2012). However, WTAI-PR for both 7DCOS and SDCOS were within the range reported
for TAI-PRs (B¢ et al., 2018).
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While most evidence of PRs through CO-Synch programs is based on experimental
research with different trial sizes, they do not truly understand the program's overall effect
on PRs. This review employed a weighted average approach to provide a more reliable
estimate of pregnancy rates under CO-Synch programs. This method of weighted timed
artificial insemination accounts for the disparity in animal numbers across studies by
dividing trial sizes in each study in the review by the sum of all the trial sizes, thereby
enabling all the studies reviewed to have the same animal numbers.

Beef farmers were seen to be slow in adopting Al technology primarily because of the
labor-intensive nature of the tasks involved and the considerable time needed for detecting
heat (Colazo & Mapletoft. 2014). Although labor can be saved with TAI programs, multiple
doses (especially two separate) are needed to increase PRs under SDCOS, which involves
extra labor for animal handling and added hormonal costs. The advent of TAI programs has
enhanced pregnancy rates because cattle are inseminated irrespective of estrus expression
prior to Al (Colazo & Mapletoft, 2014). With two separate PGF doses in SDCOS, TAI
is more effective in achieving high pregnancy rates. Since beef cattle are typically raised
in extensive systems where less time is spent monitoring them compared to dairy cattle,
synchronization programs that depend on heat detection are not feasible (Taponen, 2009).
Beef farmers would have to incur added costs just to improve PRs. It could lead to a further
decrease in adoption rates of Al technology among beef producers.

As this review focused on beef cattle, the applicability of results to other cattle breeds
not bred for beef is limited. Focus was made on CO-Synch programs mainly because
there is a lack of understanding of the average effect of CO-Synch programs on pregnancy
rates in beef cattle. Additionally, CO-Synch programs are mostly implemented in beef
cattle compared to dairy cattle (Colazo & Mapletoft, 2014). This review's applicability
is also limited to CIDR® and no other progesterone devices such as PRID, PRID-Delta,
and TRIU-B. CIDR® mainly due to its widespread adoption and effectiveness in releasing
progesterone. Furthermore, CIDR® has regulatory approval and standardization, providing
consistent synchronization outcomes in breeding programs (Klabnik & Horn, 2023).

Results obtained from our review are not applicable outside the use of conventional
semen. Sex-sorted semen is prevalent in 7DCOS, and PRs are relatively lower than
conventional semen in both cows and heifers. Sex-sorted semen via 7DCOS showed
WTAI-PR of 44.14% and 40.67% in cows and heifers, respectively (Tables 6 -7).

Despite discussing different hormonal inductions and ART such as Ovsynch,
7DCOS and 5DCOS, these methods basically fall under ART in cattle and remain a hot
subject, particularly in farms managed in precision and tuned to profit from high-quality
animals. Because this is actively being pursued in two types of cattle industries (dairy
and specialized beef cattle breeding farms), rates of use of CO-Synch protocols in beef
cattle are understandably lower for sex-sorted semen. Our review used fewer publications
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since publications are also far apart in dates. Although Al technology is not new, and in
the 90 years of its use, the achievement of more than 50% PR from hormonally induced
ovulation + Al can teach us important lessons. In this review, results of the percentage of
PRs have been sought from data involving thousands of animals, and the highest rate for
this protocol is settled at this point. Even in beef cattle, the focus of using ART should
never be for common farms and/or common breeds. However, ART might be an important
tool to quickly propagate high-quality beef cattle to impact population size and contribute
to the industry. This review provides a guide as to when the CO-Synch protocols would
be an important tool for the beef cattle industry and which protocols would be a choice in
achieving higher PRs.

Most papers that were reviewed took place in temperate and sub-tropical climates, and
therefore, the results cannot be generalized to countries with tropical conditions (Table
8). This review attempted to look at the application of CO-Synch protocols in the tropics,
but this proved difficult given the lack of publications in tropical climates. Nevertheless,
a good number of studies have been carried out in some of the states in the United States
of America that have humid subtropical climate zones. It indicates an opportunity for
breeders to explore the potential of CO-Synch programs in the tropics due to the closely
related climatic zone.

CO-Synch protocols are unsuitable for extensive beef cattle farming, whereby
the animals' body condition is determined largely by environmental factors. Careful
management of environmental conditions such as heat stress and adequate nutrition are
still required for intensive beef cattle farms in the tropics. In general, 7DCOS would be
appropriate for both intensive and extensive beef farms, provided beef farmers are willing
to invest labor and time. The employment of SDCOS with two doses of PGF may increase
the number of animal handlings, which may negatively impact the farm's profitability.
Therefore, a modified version with a single-double-dosed PGF would be an alternative to
reduce the number of animal handlings.

While the reviewed studies show various P4-based TAI programs, it is important to note
that these studies were conducted mostly under controlled experimental conditions that may
not fully reflect real-world breeding environments. For instance, common tropical climate
features such as excessive heat and humidity are not accounted which may potentially
limit the generalizability of findings to regions where such conditions exist (De Rensis
& Scaramuzzi, 2003). Furthermore, some studies used optimally managed herds with
good nutrition, estrus detection, and Al techniques, which may not reflect more variable
management practices encountered by cattle breeders. Although various P4 devices are
available for use, this review specifically focused on CIDR (Reason cited elsewhere in this
review) with exposure duration of either 5 (SDCOS) or 7 (7DCOS) days. However, the
articles reviewed herein did not assess the long-term impact of CIDR devices, especially
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for management systems that are under-resourced. Likewise, the efficacy of CIDR-based
programs in minimizing early embryonic loss and improving PRs in tropical regions
remains underexplored. Since the absorption rates of P4 and response to hormonal induction
may vary under extreme heat stress, future research should aim to assess the reproductive
performance of different P4 devices in tropical regions (B¢ et al., 2002). Additionally,
most studies focused on immediate TAI success rates without long-term follow-up on
reproductive efficiency and health. It may result in an insufficient understanding of the
implications of treatment protocols in real-world settings. Most studies in TAI protocols
are focused on the effectiveness of TAI programs on PRs without studying the economic
implications of these protocols. So, future studies should study CO-Synch protocols' cost-
effectiveness and economic efficiency.

CO-Synch protocols are not commonly employed in Malaysia, with reported lower
pregnancy rates of 18-23.3% using the CIDR-based TAI program (Azizah et al., 2014; Malik
et al., 2012). With the growing enthusiasm for genetic improvement in Malaysian cattle
through Al, future studies could look at the use of CO-Synch protocols in Malaysia as the
demand for better genetics increases. Although CO-Synch programs are predominant in
the Western world in temperate climates, it would be a good opportunity for beef producers
to use native beef cattle well adapted to the warm tropics like the Kedah-Kelantan and
their crossbreeds.

CONCLUSION

This review examined the reproductive outcomes associated with SDCOS and 7DCOS
plus CIDR® protocols in beef cattle. The importance of selecting the most appropriate
PGF administration method in the SDCOS protocol to optimize reproductive success in
cattle production and factors other than the protocols themselves when implementing TAI
protocols, such as body condition, breeding season, nutritional management, and estrus
expression before Al, were highlighted. The CO-Synch programs looked at had different
trial sizes, and this variability did not provide a true understanding of the program's
overall effect on PRs. Therefore, this review employed a weighted average approach. As
beef cattle are typically raised in extensive systems where less time is spent monitoring,
synchronization programs that depend on heat detection are not feasible for beef cattle.
Additional costs would be incurred to employ programs like the SDCOS with two separate
PGF injections. The increase in economic cost for extra animal handling and hormone
purchase might discourage adoption rates of Al technology among beef producers. Among
the protocols presented, 7DCOS would be appropriate for both intensive and extensive
beef farms, provided farmers are willing to invest time and labor.
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