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A B S T R A C T   

A greater understanding of factors influencing fertility is essential to improve pregnancy rates and 
reduce the occurrence of embryonic mortality in beef herds. The objective of the current study 
was to evaluate retrospective data of pregnancy per artificial insemination (P/AI) and pregnancy 
loss in Nelore females subjected to timed-AI (TAI) in Brazil. Data from 40,104 TAI collected from 
six breeding seasons (2016–2022) were analyzed, and the effects of animal category (e.g., clas
sification based on age and parity), farm, month of parturition, sire, sire breed (Nelore vs Angus), 
estrus expression at TAI, animal temperament, and body condition scores (BCS) were evaluated. 
P/AI and pregnancy loss were affected (P < 0.001) by animal category. There was also an effect of 
farm (P = 0.0013) on P/AI and pregnancy loss (P = 0.001), as P/AI ranged from 49.28% and 
55.58% and pregnancy loss from 3.37% to 6.89% across the herds evaluated. Month of parturi
tion also affected (P < 0.001) P/AI and was higher for cows that became pregnant at the 
beginning of the previous breeding season. Calmer animals, presenting lower velocity scores 
while exiting the chute following TAI, achieved higher P/AI (P < 0.001). Lower BCS at TAI was 
associated (P < 0.001) with increased pregnancy loss, and BCS gain following AI was associated 
(P < 0.001) with reduced rates of embryonic mortality. There was a major effect (P < 0.001) of 
sire on P/AI and pregnancy loss, as P/AI ranged from 11% to 79%, and embryonic mortality from 
0% to 40% for the bulls used in the study, highlighting the importance of the sire fertility on 
overall pregnancy success. Results from the current study reinforce the idea that animal age and 
parity at the beginning of the breeding season, BCS at the onset of estrous synchronization, BCS 
gain following AI, estrus expression at TAI, sire, and month of parturition are important factors 
influencing P/AI and rates of embryonic mortality in beef herds.  

* Corresponding author at: Brazilian Agricultural Research Corporation- EMBRAPA Beef Cattle, Av. Rádio Maia, 830, Campo Grande - MS, 79106- 
550, Brazil. 

E-mail address: eriklis.nogueira@embrapa.br (É. Nogueira).  

Contents lists available at ScienceDirect 

Animal Reproduction Science 

journal homepage: www.elsevier.com/locate/anireprosci 

https://doi.org/10.1016/j.anireprosci.2024.107475 
Received 20 October 2023; Accepted 14 April 2024   

mailto:eriklis.nogueira@embrapa.br
www.sciencedirect.com/science/journal/03784320
https://www.elsevier.com/locate/anireprosci
https://doi.org/10.1016/j.anireprosci.2024.107475
https://doi.org/10.1016/j.anireprosci.2024.107475
https://doi.org/10.1016/j.anireprosci.2024.107475


Animal Reproduction Science 265 (2024) 107475

2

1. Introduction 

The number of cows subjected to timed-artificial insemination (TAI) in Brazil is increasing and has reached approximately 27 
million in 2021 (Baruselli et al., 2022). The expected pregnancy rates of herds undergoing TAI is close to 50% in Brazil and is 
significantly affected by sire, female fertility, herd management, estrus expression at TAI, rates of embryonic loss, and compliance 
during the implementation of TAI protocols (Nogueira et al., 2019; Reese et al., 2020). The paternal influence on pregnancy success 
(Ortega et al., 2018; Sanches et al., 2023) and pregnancy loss (Franco et al., 2018) are often overlooked, despite the substantial impact 
sires can exert on breeding outcomes. 

Among factors inherent to the female that influence herd reproductive performance, resumption of postpartum fertility along with 
body condition scores (BCS) at the onset of estrous synchronization plays a major role in the success rates of TAI programs (Kim et al., 
2023; D’occhio et al., 2019). Reduced BCS and inadequate nutrition have been associated with diminished pregnancy rates, increased 
pregnancy loss, and the development of low-quality embryos (2012; Ciccioli et al., 2003) underscoring the importance of maintaining 
appropriate BCS levels at calving and ensuring proper postpartum nutrition to optimize fertility outcomes. Animal temperament and 
behavior, independently of breed (Bos t. taurus and Bos t. indicus) have also been shown to affect reproductive outcomes in beef cattle 
(Cooke et al., 2009, Cooke et al., 2011). 

While the success rate of fertilization in beef cattle can be as high as 90%, embryonic mortality following conception is especially 
high during the first month of gestation (Maurer and Chenault, 1983; Santos et al., 2004; Diskin and Kenny, 2016). In the context of 
embryonic and fetal losses in cattle, early embryonic mortality has been defined as those occurring between conception and day 24 of 
gestation, late embryonic losses between days 25 and 50, and fetal losses manifesting after day 50 of pregnancy (Santos et al., 2004). 
Regarding rates of pregnancy loss in beef herds, Reese et al. (2020) reported in a recent meta-analysis that 50% of pregnancy failure 
occurred prior to day 16, around 15.5% from days 16 and 32, and less than 6% after the first month of gestation. Of note, cow breed, 
parity, and breeding method were associated with early or late rates of embryonic/fetal losses. 

The objective of the current study was to identify factors influencing pregnancy rate and embryonic mortality in Nelore heifers and 
cows subjected to TAI in central-west Brazil. 

2. Material and methods 

2.1. Animals 

Data was collected from six herds located in the state of Mato Grosso do Sul, Brazil. All farms perform a complete cycle with 
breeding, rearing, and finishing. All animal procedures used were approved by the Committee of Ethics and Animal Use of Embrapa 
under the protocol number (Ceua Protocol N◦ 006/2022). 

All animals enrolled in the study were maintained on pasture with Urochloa humidicola and Urochloa brizantha grass and received 
mineral supplementation and ad libitum water. Vaccination for foot-and-mouth disease, and against respiratory and reproductive 
diseases were administered before the initiation of TAI protocols. 

The experiment included 40,104 Nelore females from six breeding seasons expanding from 2016–2022. Cows and heifers enrolled 
in the study were categorized based on age and parity at the start of the breeding season into 9 distinct categories (1) precocious heifer, 
(2) precocious primiparous, (3) precocious secondiparous, (4) precocious multiparous, (5) conventional heifer, (6) conventional 
primiparous, (7) conventional secondiparous, (8) conventional multiparous, and (9) non-lactating. The description of each category is 
presented in Table 1. 

2.2. Description of the breeding seasons, TAI programs, and body condition scoring 

All breeding seasons began in November and ended in February, lasting 120 days. For primiparous, secondiparous, and multiparous 
categories (precocious and conventional), cows were subjected to TAI protocols after at least 30 days postpartum following the calving 
season (July-December). 

The TAI protocols utilized (Figs. 1, 2, and 3) were based on Meneghetti et al. (2009). For multiparous, primiparous, and sec
ondiparous cows [precocious and conventional] (Fig. 1), on the first day of the protocol (D-0), cows received 2 mg (IM) of estradiol 

Table 1 
Classification of cows and heifers according to age and parity.  

Category Description 

Precocious Heifer Heifers with breeding starting up at 15 months of age 
Precocious Primiparous Cows from precocious heifers with first calf 
Precocious Secondiparous Cows from precocious heifers after their second calf 
Precocious Multiparous Cows from precocious heifers with more than two offspring 
Conventional Heifer Heifers with breeding starting at 15–26 months of age 
Conventional Primiparous Cows from conventional heifers with first calf 
Conventional Secondiparous Cows from conventional heifers after their second calf 
Conventional Multiparous Cows from conventional heifers with more than two offspring 
Non-lactating Cow without any offspring at the time of TAI  
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benzoate (Gonadiol®; Zoetis, São Paulo, SP, Brazil) and an intravaginal progesterone insert (CIDR ®, 1.9 g progesterone; Zoetis). On 
D9, progesterone inserts were removed and injections of 0.6 mg (IM) of estradiol cypionate (ECP®, Zoetis, Brazil), 12.5 mg (IM) of 
PGF2α (Lutalyse®; Zoetis), and 300 IU (IM) of ECG (Novormon®; Zoetis) were administered. Non-lactating cows received the same 
protocol, but with no application of ECG at P4 device removal. Furthermore, at the time of intravaginal devices removal on D9, all 
dams were painted in the sacrum-caudal region with marker sticks (Raidl-Maxi; RAIDEX GmbH, Dettingen/Erms, Germany) to aid in 
the visual detection of estrus. Cows were inseminated on D11, 48 h after implant removal. At the time of insemination, the occurrence 
of standing heat was evaluated based on the visual appearance of the estrus patches. Heat was scored as (1) all ink present (no heat); (2) 
partial removal of the ink (low heat); (3) all ink removed (high-intensity heat). For analysis, scores 2 and 3 were considered evidence of 
standing heat (Nogueira et al., 2019). Pregnancy diagnoses were conducted on days 30 and 150 following breeding. 

For conventional heifers (Fig. 2) cyclicity was induced (prior to the initiation of the 11-day synch program) with an injection of 
150 mg (I.M.) of P4 (Sincrogest ®, Ouro Fino, São Paulo, Brazil) on D-24, followed by 1 mg of estradiol cypionate on D-12. The in
duction protocol was followed by the 11-day synchronization program as described for the multiparous cows, with changes only in the 
dosage of estradiol benzoate on D0 (1 mg, IM) and eCG (200 IU, IM) on D9. 

For precocious heifers (Fig. 3), induction of cyclicity was performed with oral administration of melengestrol acetate (MGA®, 
Zoetis, Brazil) from D-24 through D-12 at the dosage of 2.28 mg/head/day. On D-10, precocious heifers received 0.6 mg of estradiol 
cypionate. The induction protocol was followed by the 11-day synchronization program as described for the conventional heifers. 

All animals enrolled in the study were scored on D0 by a trained technician for body condition (1 = emaciated and 5 = obese; 0.25- 
unit increments as described by Ferguson et al., 1994). 

Angus (n=35) and Nelore (n=191) sires were used for breeding. All batches of semen selected underwent evaluation for motility 
and vigor, spermatic pathology, and thermoresistence test. All semen used was required to have a minimum of 30% motility and vigor 
3 after thawing, with a minimum of 6 million viable spermatozoa presenting a maximum of 30% of sperm pathologies (Barth and Oko, 
1989). 

On the day of the AI, the speed which each animal exited the chute was evaluated by a trained technician performing only this role. 
The observed behavior of each animal was evaluated, and the speed which each animal exited the chute was recorded and classified as 
(1) walking, (2) trotting, or (3) running (Gomes da Silva et al., 2020). 

The first pregnancy diagnosis was performed approximately 30 days after AI by ultrasonography (SD 2200, Mindray, China). 
Pregnant cows were sorted at this point to facilitate management. Approximately 7 days after insemination, Nelore bulls were turned 
in, maintaining a bull:cow ratio of 1:40. Bulls were kept with the cows until the end of the breeding season. Cows were re-evaluated by 
ultrasonography at 120–150 days after the first pregnancy diagnosis, to confirm pregnancy or detect pregnancy loss. 

At the end of the breeding season, sires were classified based on average pregnancy rates as low- pregnancy rates equal or less than 
39.9; average- pregnancy rates between 40% and 49.9%; high- pregnancy rates between 50% and 55.9%; and top- pregnancy rates 
equal or above 56% (Sanches et al., 2023). 

2.3. Statistical analysis 

All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc.). The effects of animal category, farm, month of 
parturition, breed of sire, standing heat at TAI, and chute speed score were evaluated using generalized linear mixed models using the 

Fig. 1. Artificial insemination protocol used for multiparous cows. On day (D0), multiparous cows received 2 mg (IM) of estradiol benzoate 
(Gonadiol®; Zoetis, São Paulo, Brazil) and an intravaginal progesterone insert (CIDR ®, 1.9 g progesterone; Zoetis, Brazil). Body condition was 
scored on D0. On D9, progesterone inserts were removed and injections of 0.6 mg (IM) of estradiol cypionate (ECP®, Zoetis, Brazil), 12.5 mg (IM) of 
PGF2α (Lutalyse®; Zoetis, Brazil), and 300 IU (IM) of ECG (Novormon®; Zoetis, Brazil) were administered. Furthermore, on D9, cows were painted 
in the sacrum-caudal region with a marker stick (Raidl-Maxi; RAIDEX GmbH, Dettingen/Erms, Germany) to aid in the visual detection of estrus. On 
day 11 (D11) multiparous cows were examined for chalk removal (e.g., as an indication of standing estrus) and AI was performed. Pregnancy 
diagnoses were conducted on days 30 and 150 following breeding. 
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GLIMMIX procedure. Means were separated using the LSMEANS PDIFF option with Tukey’s adjustment. 
The relationship between pregnancy loss, BCS, and BCS gain from the beginning of the TAI protocol to the day of the pregnancy 

diagnosis was determined using linear regression models, and when significant (P< 0.05), a probability graph was generated using the 
REG procedure of SAS. Statistical significance was defined as P ≤ 0.05 and statistical tendencies as 0.05 < P < 0.10. 

3. Results 

The overall results of P/AI and pregnancy loss are summarized in Tables 2 and 3. Considering all the data collected, the average P/ 

Fig. 2. Artificial insemination (AI) protocol for heifers. Cyclicity was induced with an injection of 150 mg (I.M.) of P4 (Sincrogest ®, Ouro Fino, São 
Paulo, Brazil.) on D-24, followed by 1 mg of estradiol cypionate on D-12. On day (D0), conventional heifers received 1 mg (IM) of estradiol benzoate 
(Gonadiol®; Zoetis, Brazil) and an intravaginal progesterone insert (CIDR ®, 1.9 g progesterone; Zoetis, Brazil). Body condition was scored on D0. 
On D9, progesterone inserts were removed and injections of 0.6 mg (IM) of estradiol cypionate (ECP®, Zoetis, Brazil), 12.5 mg (IM) of PGF2α 
(Lutalyse®; Zoetis, Brazil), and 200 IU (IM) of ECG (Novormon®; Zoetis, Brazil) were administered. Furthermore, on D9, heifers were painted in the 
sacrum-caudal region with a marker stick (Raidl-Maxi; RAIDEX GmbH, Dettingen/Erms, Germany) to aid in visual detection of estrus. On day 11 
(D11) conventional heifers were examined for chalk removal (e.g., as an indication of standing estrus) and AI was performed. Pregnancy diagnoses 
were conducted on days 30 and 150 following breeding. 

Fig. 3. Artificial insemination (AI) protocol used to synchronize ovulation in precocious heifers. Induction of cyclicity was performed with oral 
administration of melengestrol acetate (MGA®, Zoetis, Brazil) from D-24 through D-12 at the dosage of 2.28 mg/head/day. On D-10, precocious 
heifers received 0.6 mg of estradiol cypionate. On day (D0), heifers received 1 mg (IM) of estradiol benzoate (Gonadiol®; Zoetis, Brazil) and an 
intravaginal progesterone insert (CIDR ®, 1.9 g progesterone; Zoetis). Body condition was scored on D0. On D9, progesterone inserts were removed 
and injections of 0.6 mg (IM) of estradiol cypionate (ECP®, Zoetis, Brazil), 12.5 mg (IM) of PGF2α (Lutalyse®; Zoetis, Brazil), and 200 IU (IM) of 
ECG (Novormon®; Zoetis, Brazil) were administered. Furthermore, on D9, heifers were painted in the sacrum-caudal region with a marker stick 
(Raidl-Maxi; RAIDEX GmbH, Dettingen/Erms, Germany) to aid in the visual detection of estrus. On day 11 (D11) heifers were examined for chalk 
removal (e.g., as an indication of standing estrus) and AI was performed. Pregnancy diagnoses were conducted on days 30 and 150 
following breeding. 
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AI and pregnancy loss were 53.11% and 5.78%, respectively. P/AI was significantly (P < 0.001) affected by animal category. Pre
cocious secondiparous (64.65%), precocious multiparous (60.00%), and multiparous (57.09%) had the highest P/AI, whereas pre
cocious heifers (44.50%), precocious primiparous (46.43%) and conventional heifers (47.90%) had the lowest P/AI (Table 2). 

Rates of pregnancy loss were also affected by animal category (P < 0.001), with higher rates of pregnancy loss detected in pre
cocious primiparous (10.94%), precocious secondiparous (8.13%), and non-lactating cows (7.19%), and the lowest rates of pregnancy 
loss was detected in precocious multiparous (4.26%), multiparous (4.93%), heifers (5.03%), and secondiparous (6.44%) cows. 

There was an effect of farm (P = 0.0013) on P/AI. The average pregnancy rates ranged from 49.28% and 55.58% among the herds 
enrolled in the study. Regarding pregnancy loss, there was also a significant effect (P = 0.001) of farm on embryonic mortality, as rates 
of pregnancy loss varied from 3.37% to 6.89% across the herds evaluated. 

Animals with a low chute speed score (e.g., walked out of the chute as opposed to ran) had higher (P < 0.001) P/IA (54.42%) than 
those who trotted (52.19%) or ran (50.32%) out of the chute. However, the speed which animals exited the chute did not influence 
rates of pregnancy loss (P = 0.2558). 

There was a significant effect (P < 0.001) of month of parturition on P/AI and pregnancy loss. Animals calving in July had the 
highest P/AI, whereas animals that calved in December (50.50%) or January (50.53%) had the lowest P/AI. Regarding the effect of 
month of parturition on embryonic mortality, pregnancy loss was highest in animals calving in December (14.29%), and lowest in 
animals calving in January (2.08%). 

There was a significant effect of BCS at the onset of estrous synchronization on P/AI (P < 0.001) and pregnancy loss (P < 0.001). 
The probability of embryonic mortality decreased as BCS increased (Fig. 4; P < 0.05). Interestingly, BCS gains during the subsequent 
30 days following the first measurement were associated with a reduced probability of pregnancy loss (Fig. 5; P < 0.05). 

There was no association (P = 0.408) of sire classification based on fertility (e.g., P/AI at the end of the breeding season: low, 
average, high, and top) on rates of embryonic mortality (Fig. 6). As expected, P/AI was significantly different (P > 0.001) among sires 
allocated to the distinct fertility classification (Fig. 6). 

Regarding the breed of the sire used for AI, Nelore bulls had higher (P < 0.001) P/AI than Angus bulls, with a difference of 1.13% 
between them. However, the breed of the sire did not influence (P= 0.4089) the rates of pregnancy loss. Furthermore, there was an 
effect (P<0.001) of sire on P/AI, as P/AI ranged from 11% to 79% among the bulls used in the study. Similarly, there was an effect of 
sire on pregnancy loss (P < 0.001), as rates of embryonic mortality ranged from 0% to 40% for the bulls used in the study. 

4. Discussion 

Similar to the current investigation, Sá Filho et al. (2010) examined factors associated with P/AI in beef herds. Interestingly, they 
observed that heifers, as well as primiparous and non-lactating cows, displayed notably lower pregnancy rates, with only multiparous 
cows achieving pregnancy rates that exceeded 50%. Our results align with these findings, as heifers and primiparous cows had the 
lowest P/AI, while cows beyond their second calf exhibited the highest pregnancy rates. Primiparous cows are still growing at time of 
parturition and thus reproductive efficiency in the subsequent breeding season is often compromised (Vasconcelos et al., 2014). As 
noted by Pilau and Lobato (2009), primiparous cows typically experience a period of reduced body condition postpartum, which 
hinders their return to estrus and consequently impairs fertility. 

The average pregnancy loss observed in the current study (5.78%) was slightly higher than the average pregnancy loss reported in a 
recent meta-analysis investigating rates of embryonic mortality in beef cattle (4.9%; Reese et al., 2020). The current study and the 
aforementioned meta-analysis concurred on the observation that the highest rates of embryonic mortality were identified in heifers 

Table 2 
Pregnancy per artificial insemination (P/AI) and pregnancy loss according to female category and farm.   

P/AI (%) Pregnancy loss(%) 

Category (n)   
Heifer (7348) 47.90d 5.03c 

Primiparous (8181) 51.41bc 7.11b 

Secondiparous (2914) 56.59b 6.44c 

Multiparous (17,151) 57.09ab 4.93c 

Non-lactating (722) 49.45c 7.19ab 

Precocious heifer (2582) 44.50e 7.11b 

Precocious Primiparous (812) 46.43d 10.94a 

Precocious secondiparous (314) 64.65a 8.13ab 

Precocious Multiparous (80) 60.00ab 4.26c 

P <0.001 <0.001    

Farm (n)   
A (923) 55.58%a 4.71%b 

B (8570) 51.06%b 5.77%b 

C (5313) 55.51%a 4.44%b 

D (416) 49.28%b 3.91%b 

E (3936) 54.17%a 3.37%b 

F (20,946) 53.11%a 6.89%a 

P-value 0.0013 <0.001  
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(8.1%), followed by primiparous (5.4%) and multiparous (5.1%) cows. Likewise, in a study conducted by Pessoa et al. (2012) with 658 
Nelore females, heifers (5.99%) exhibited the highest rates of embryonic mortality. Primiparous cows, however, experienced lower 
rates (3.30%) of embryonic loss compared to their multiparous counterparts (5.30%). 

Regarding the effects of cattle temperament and stress at time of insemination on fertility outcomes, the findings of our study align 
with those of Cooke et al. (2011) who reported that calm heifers, presenting lower velocity scores while exiting the chute following 
TAI, achieved higher conception rates. One strategy to reduce stress during handling is the adoption of cattle training, which involves 
positive reinforcement and gradual habituation of management practices (Rueda et al., 2015). Another effective strategy involves 
selecting animals with calmer temperaments and implementing farm-personnel training to improve human-animal interactions and 
reduce overall stress during handling (Hemsworth et al., 2000, Barbosa et al., 2006, Sato, 1981, Fordyce and Goddard, 1984, Boivin 
et al., 1992). 

When considering the influence of the month of parturition on reproductive performance, cows calving in July displayed the 
highest P/AI, followed by those calving in August and September. Cows calving in July and August are the ones that conceived earliest 
in the breeding season, and consequently, calved early in the calving season, having a longer interval to rebreeding. This extended 

Table 3 
Pregnancy per artificial insemination (P/AI) and pregnancy loss (%) according to month of parturition, sire 
breed, expression of estrus, and velocity score for exiting the chute.   

P/AI (%) Pregnancy loss(%) 

Parturition Month (n)   
JULY (165) 68.48%a 7.21%b 

AUGUST (3333) 57.67%b 5.90%d 

SEPTEMBER (5127) 56.33%b 5.55%d 

OCTOBER (5331) 55.00%c 6.01%c 

NOVEMBER (4286) 54.01%c 6.80%c 

DECEMBER (1705) 50.50%d 14.29%a 

JANUARY (190) 50.53%d 2.08%e 

P-value <0.001 <0.001    

Sire breed (n)   
ANGUS (9089) 52.24% 5.31% 
NELORE (30,988) 53.37% 5.92% 
P-value <0.001 0.6886    

HEAT   
0 40.9%b 6.7a 

1 58.5%a 5.7b 

P-value <0.001 0.030    

Chute velocity score (n)   
1 (20,367) 54.42%a 5.43% 
2 (6611) 52.19%b 5.33% 
3 (3283) 50.32%b 4.78% 
P-value <0.001 0.2558  

Fig. 4. Association of pregnancy loss and body condition score (BCS) in Nelore females subjected to timed- artificial insemination (P<0.05).  
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postpartum interval is beneficial to reproductive success (Cushman et al., 2013). 
The reduced incidence of pregnancy loss in cows calving in January can be attributed to the fact that confirmation of pregnancy 

following the first pregnancy diagnosis was conducted within a shorter interval compared to other months. The highest rates of 
pregnancy loss in cows calving in December might be attributed to the higher temperatures observed in the Brazilian mid-west region 
during the summer months. 

In the current study, lower BCS was associated with increased pregnancy loss, and BCS gain after AI was associated with reduced 
rates of embryonic mortality. The negative effects of low BCS on reproduction are well-established (Meneghetti and Vasconcelos, 
2008). Subjecting cows to nutrient restriction immediately following AI, during a period of 6 days, resulted in production of 
lower-quality embryos with delayed developmental competence (Kruse et al., 2017). Furthermore, superovulation of cows with low 
BCS resulted in reduced response to the superovulation protocol, reduced size of ovulatory follicles, reduced corpus luteum size and 
postovulatory progesterone concentrations, and impaired embryo recovery rates and quality (Bridges et al., 2012). Postovulatory 
progesterone concentrations play a major role regulating conceptus development and uterine receptivity (Stone et al., 1978, Zelinski 
et al., 1982, Ing and Tornesi, 1997, Bridges et al., 2010, Fields et al., 2012). The effect of BCS on reproduction is especially important 
for primiparous cows, due to the concomitant demand for growth and reproduction (Derouen et al., 1994, Ciccioli et al., 2003, 
Richardson et al., 2016). 

Expression of estrus on the day of AI was associated with higher P/AI and lower rates of embryonic mortality as previously reported 
by Nogueira et al. (2019) and Rodrigues et al. (2018). Estrus expression occurs as a result of high circulating concentrations of estradiol 
produced by the dominant follicle. Preovulatory estradiol concentrations play a major role in pregnancy success, through its effects on 
the oocyte, follicular cells, oviduct, and uterus for the establishment of uterine receptivity (Pohler et al., 2012, Perry et al., 2007). 

There was a major effect of sire on P/AI and pregnancy loss in the current study, as P/AI from individual bulls ranged from 11% to 
79% and embryonic mortality from 0% to 40% despite only using semen that had passed a thorough evaluation. This underscores the 

Fig. 5. Pregnancy loss as a function of body condition score (BCS) gain during the period from the initiation of the timed- artificial insemination 
(TAI) protocol to the day of pregnancy diagnosis conducted 30 days following breeding in Nelore females (P < 0.05). 

Fig. 6. Pregnancy per artificial insemination (P/AI) and pregnancy loss according to sire fertility category. (P/AI, P < 0.001; Pregnancy loss, P 
= 0.408). 

L.G. Da Silva et al.                                                                                                                                                                                                    



Animal Reproduction Science 265 (2024) 107475

8

significance of conducting additional research into the genetic and molecular mechanisms that govern the paternal influence on 
pregnancy establishment and pregnancy loss. Of note, Ortega et al. (2018) reported significant effects of sire conception rate (SCR) on 
preimplantation embryo development using semen that had passed all the standard quality control procedures before being tested in 
the field. Currently, the quality parameters commonly employed in semen evaluation do not offer complete reliability in predicting 
bull fertility (Capra et al., 2017). The identification of new genetic variants in the bovine paternal genome governing fertility and early 
embryonic mortality is highly desirable (Butler et al., 2020). Nogueira et al. (2022) identified a deleterious non-synonymous point 
mutation in the autosomal EML5 gene that when present in homozygosis resulted in prominent abnormal sperm phenotypes. Future 
studies should focus on identifying new genetic variants to accurately predict sire fertility to improve reproductive efficiency (Taylor 
et al., 2018). Selection for scrotal circumference has great potential to improve sire fertility, due to its high heritability and positive 
association with semen quality traits (Carvalho Filho et al., 2020). 

In cattle, successful fertilization (or conception) generally occurs following breeding, but embryonic mortality is especially high 
during the first month of gestation. Fertilization rates have been estimated to be around 90% or higher in heifers, beef cows, and 
moderate-producing dairy cows (Diskin and Sreenan, 1980, Diskin and Morris, 2008, Maurer and Chenault, 1983, Sreenan and Diskin, 
1986, Ahmad et al., 1995, Sartori et al., 2002), ~80% in high-yielding dairy cows under thermoneutral conditions, and ~60% in 
high-producing dairy cattle under heat stress (Wiltbank et al., 2016, Sartori et al., 2010, Ribeiro et al., 2016, Santos et al., 2004). 
Conception rates, however, range from 35% to 40% in dairy (Lucy, 2001, Walsh et al., 2011, Norman et al., 2020) and 50–70% in beef 
cattle (Perry et al.,2011). Thus, under thermoneutral conditions, there is a high rate of embryonic death following fertilization, which 
is especially high during the first two weeks of gestation in both beef (Ealy, 2020) and dairy cattle (Wiltbank et al., 2016). 

Important biological events take place during the first couple weeks of preimplantation development, such as the formation of a 
blastocyst from a one-cell zygote, and the process of conceptus elongation, marked by trophectoderm cell proliferation and an 
exponential increase in conceptus length. Because embryonic mortality is a major factor limiting reproductive efficiency in cattle 
operations (Ealy, 2020), future efforts should focus on understanding the paternal and maternal influence on embryonic mortality 
particularly during the first two weeks of gestation. 

5. Conclusion 

Results from the current study reinforce the idea that animal age and parity at the beginning of the breeding season, BCS at the 
onset of estrous synchronization, BCS gain following AI, estrus expression at TAI, sire, and month of parturition are important factors 
influencing P/AI and rates of embryonic mortality in beef herds. Notably, there was a wide variation in P/AI and pregnancy loss among 
sires used in the study, reinforcing the importance of sire fertility in the success of breeding programs. The observed major effect of sire 
on fertility outcomes highlights the importance of further understanding the molecular basis orchestrating the paternal effects on 
pregnancy success and embryonic mortality. Collectively, this work provides foundational knowledge for future studies aiming to 
identify factors influencing fertility and pregnancy loss in beef herds. 
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