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Abstract | Reproductive efficiency is of crucial significance inside the optimization of productivity and profitability in 
pork cattle manufacturing. In this research, numerous strategies of improving reproductive overall performance were 
analyzed, inclusive of herbal carrier, estrus synchronization, hormonal stimulation, and assisted reproductive era (ART) 
like synthetic insemination (AI) and embryo switch (ET). Comparisons of the primary reproductive developments 
including conception fee, being pregnant price, estrus reaction, delivery weight, and price effectiveness have been 
made. The findings confirmed that the ART institution (ARTG) had the very best theory price (91%) and pregnancy 
rate (89%) and drastically handed other agencies. Moreover, ART calves had heavier beginning weights (35.7 kg) 
and higher postnatal boom prices, resulting in delivered market price. Economic analysis recognized that ART, even 
though extra expensive to implement initially, gave the satisfactory return on investment (ROI of 350%), indicating 
that it became a sustainable method for livestock rearing. These outcomes emphasize the need to comprise superior 
reproductive technology into farm animals manufacturing packages to growth productivity, pleasant of genetics, and 
monetary profits. Adoption of ART, estrus synchronization, and optimized control practices are advocated by the 
studies for improving reproductive efficiency in red meat farm animals manufacturing.
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synchronization, Hormonal stimulation, Genetic improvement, Conception rate, Pregnancy rate, Economic 
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INTRODUCTION 

Reproductive efficiency is a fundamental driver of 
productivity and profitability in red meat livestock 

systems, particularly in beef cattle operations (Azizah and 
Rachmawati, 2024; Hsu et al., 2024; Govindarajan et al., 
2023). It directly influences calving rates, herd replacement 
strategies, genetic progress, and the overall economic 
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sustainability of cattle production (Baruselli et al., 2023; 
Kadham et al., 2023). Achieving maximum reproductive 
performance allows producers to maintain a continuous 
supply of high-quality calves, reduce the number of non-
productive (open) cows, and ensure long-term herd viability 
(Bellows and Short, 2021; Karupusamy et al., 2023; Saadh 
et al., 2024).

Despite its importance, reproductive inefficiency remains a 
major challenge, driven by a combination of factors such as 
poor estrus detection, inadequate nutrition, environmental 
stress, disease pressures, and genetic limitations (Berry 
et al., 2014; Al-Saadi and Shwan, 2024; Ahmad et al., 
2019). To address these issues, producers have increasingly 
turned to advanced reproductive strategies such as 
nutritional optimization, estrus synchronization, hormonal 
stimulation, and assisted reproductive technologies (ART), 
all of which have shown potential in improving conception 
rates, shortening calving intervals, and enhancing overall 
herd fertility (Bhat et al., 2021; Alhaqmuhamad et al., 
2019; Zangana et al., 2022).

Importance of reproductive efficiency in beef 
cattle production
Reproductive performance underpins the success and 
economic viability of beef cattle operations (Brito et al., 
2021; Noman and Ahmad, 2023; Ahmad and Noman, 
2023). Effective breeding programs aim to optimize 
conception rates per breeding season, achieve favorable 
calving rates, and enhance herd genetic improvement 
through selective breeding (Burns et al., 2010; Ahmad 
et al., 2024; Ahmad, 2023). Improved reproductive 
efficiency reduces the proportion of open cows, shortens 
calving intervals, and enhances the uniformity and 
quality of calf crops (Cardoso et al., 2021; Laylani et al., 
2024). Additionally, leveraging reproductive technologies 
contributes to the selection and propagation of desirable 
traits such as growth rate, feed efficiency, and disease 
resistance (de Sá Filho and Vasconcelos, 2011; Ahmad, 
2025; Mohamad et al., 2025). Economically, enhanced 
reproductive performance increases return on investment 
by lowering maintenance costs on non-productive animals 
and producing additional marketable calves (Diskin and 
Kenny, 2016; Ramadhan et al., 2025; Saadoon et al., 2025). 
Conversely, reproductive inefficiency leads to severe 
financial losses due to prolonged calving intervals and 
reduced pregnancy rates, diminishing overall herd output 
(Emerenciano et al., 2022; Saed et al., 2024; Abdulateef et 
al., 2024).

Challenges affecting reproductive efficiency
Multiple factors influence reproductive outcomes in beef 
cattle:

Inadequate nutrition
Nutrition is a critical determinant of reproductive success. 
Deficiencies in energy, protein, vitamins, and minerals 
can lead to anestrus, poor conception rates, and increased 
embryonic mortality (Fernandez-Novo et al., 2021; Abed 
et al., 2024; Thabet and Alsalame, 2024). Low body 
condition scores are associated with delayed estrus cycles 
and decreased fertility, while excessive body fat disrupts 
reproductive hormone balance, causing irregular cycles 
(Gupta et al., 2022; Alsalame and Laylani, 2024; Abdulnabi 
et al., 2024).

Poor estrus detection and breeding management
Failure to accurately detect estrus remains one of the 
primary causes of missed breeding opportunities. Visual 
observation, the most common detection method, often 
falls short due to the subtlety or brevity of estrus signs 
(Heller et al., 2021; Alsalame, 2019, 2020). Ineffective estrus 
detection ultimately reduces pregnancy rates ( Jiménez et 
al., 2022; Al-Aameli et al., 2019).

Environmental and stress factors
Environmental stressors like extreme heat or cold, poor 
handling practices, and transport stress negatively impact 
fertility, reduce estrus expression, lower conception rates, 
and increase early embryonic loss (Kenny et al., 2018; 
Keogh et al., 2021; Ahmad et al., 2019).

Disease and reproductive disorders
Infectious diseases such as brucellosis, leptospirosis, 
and bovine viral diarrhea (BVD) directly compromise 
reproductive performance by causing infertility, abortion, 
and reduced pregnancy rates (McDaneld et al., 2014; 
Alhaqmuhamad et al., 2019; Zangana et al., 2022). 
Additional reproductive challenges include cystic ovaries, 
uterine infections, and retained placentas. Annual health 
checks, vaccination programs, and strict biosecurity are 
critical to mitigate these risks (Noman and Ahmad, 2023; 
Ahmad and Noman, 2023).

Genetic limitations and inbreeding
Genetic factors inherently affect fertility, with some 
breeds predisposed to lower reproductive rates. Excessive 
inbreeding exacerbates these limitations, reducing overall 
herd reproductive capacity. Strategic breeding and genetic 
improvement programs targeting fertility traits are essential 
for sustainable improvement (Mincu et al., 2021; Ahmad et 
al., 2024; Ahmad, 2023).

Key strategies for enhancing reproductive 
efficiency
To remedy the problems associated with reproductive 
inefficiency, cattle producers have certain guidelines 
for enhancing fertility, shortening days to calving, and 
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improving herd productivity per se.

Nutritional management
Nutrition represents an important element among 
contributors to reproductive efficiency (Olson et al., 2021). 
When breeding occurs, increased potential productivity 
of the herd exists. Without nutritional deficiencies, 
animals go into heat and come out more productively 
with less embryonic mortality. However, when nutritional 
deficiencies exist, breeding can be a disaster (Richardson, 
2022). Animals do not go into heat or have erratic patterns; 
they do not get bred or get bred incorrectly, and sired 
offspring experience mortality.

Thus, energy and protein are required to maintain 
appropriate body condition scoring. Animals in good 
condition achieve proper estrus and breeding. For example, 
energy feeding maintains the integrity of reproductive 
abilities while protein encourages fetal development and 
milk production during parturition (Santa et al., 2022). The 
body requires a balance of energy and protein for metabolic 
needs and successful reproduction.

Similarly, supplementation of minerals and vitamins 
fosters successful breeding efforts because without these 
microscopic additions, animals can experience anestrus, 
fewer cycles per year, and unsuccessful breeding. For 
example, microminerals include phosphorus and calcium, 
which create bone function, and sodium, magnesium, iron, 
and cobalt help with hormonal and immune responses. 
Furthermore, vitamins A, D, and E provide functionality 
supportive of reproductive abilities and developments 
during the gestational process.

Pregnancy/lactation and post-calving nutrition. The need 
for scientific feeding occurs during gestation and beyond 
as there’s a requirement for pregnant/lactating animals 
(Ullah et al., 2022). This ensures proper development when 
in utero and proper condition management after calving 
to maintain body condition scores and milk production, 
leading to proper increases in future gestation success rates.

Estrus synchronization
Estrus synchronization refers to manipulating the estrous 
cycle of a herd through hormonal procedures so that 
farmers can detect heat and breed cows more efficiently. It 
maximizes reproductive capabilities (Vandana et al., 2021).

The most advantageous aspect of estrus synchronization 
is the reduction in estrus detection, as synchronization 
allows for multiple cows to come into heat simultaneously, 
making it easier for farmers to breed cows and not waste 
potential when they could be breeding instead of waiting 
for detection. Increased conception rates with management 

efficiency are positive within a herd.

Increased breeding efficiency is an advantage since fixed-
time artificial insemination (FTAI) is more feasible, as 
it allows for multiple breeding at the same time without 
strict monitoring for estrus cycles.

The final advantageous aspect of estrus synchronization 
is decreased calving intervals, which, in turn, means a 
more consistent aged calf crop within a herd (Vasconcelos 
et al., 2018). This increases herd efficiencies and allows 
for better management of resources, which effectively 
leads to profitability for many cattle producers. The most 
common hormone used in estrus synchronization is 
prostaglandins (PGF2α). Cows can be synchronized in 
estrus when they have a functional corpus luteum; thus, 
CIDR is a progesterone-based protocol for estrus cycling 
and subsequent synchronization. Finally, for ovulation 
regulation, gonadotropin-releasing hormone (GnRH) is 
injected.

Hormonal stimulation for improved fertility
Hormonal therapy is commonly applied to alleviate 
reproductive concerns attributed to anestrus and ovarian 
malfunction. This stabilizes reproductive hormones, 
supports detection of heat, and increases the potential for 
pregnancy.

Gonadotropins (FSH and LH) are routinely given to 
facilitate ovulation and follicle development. Follicle 
stimulating hormone (FSH) encourages the development 
of ovarian follicles, whereas luteinizing hormone (LH) 
encourages ovulation to enable proper breeding.

Prostaglandins (PGF2α) are used to induce estrus in cows 
with a functional corpus luteum. These hormones help 
stabilize the estrus cycle and promote synchronization of 
ovulation for improved artificial insemination or natural 
breeding (Wettemann, 2021).

Progesterone therapy is a regulatory treatment for 
stabilizing estrus cycles in cows with irregular occurrences 
of ovulation. Maintaining progesterone levels promotes 
ideal reproductive efforts and proportional chances of 
conception.

Assisted reproductive technologies (ART)
New reproductive technologies come increased conception 
rates, enhanced genetic opportunities, and increased 
reproductive efficiencies. With such effective means at their 
fingertips, cattle producers have improved opportunities for 
herd fertility through assisted reproductive technologies 
(ART) such as artificial insemination (AI), embryo transfer 
(ET), and in vitro fertilization (IVF).
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Artificial insemination (AI) is a common reproductive 
procedure that allows for possessing the genetics of 
high-bred animals (Winton et al., 2024). AI increases 
reproductive efficacy as it reduces disease transmission, 
increases chances of conception, and allows for access to 
genetically superior bulls without the need to mate.

Embryo transfer (ET) is the transfer of an embryo after 
fertilization into a subsequent female to utilize a surrogate 
female to achieve more females of genetic value. This 
process enhances herd genetics and expedites the genetic 
improvement process while increasing reproductive 
efficiencies, as excellent females can maximize potential 
offspring creation.

In vitro fertilization (IVF) is a specialized non-natural 
reproductive process that allows for fertilization outside 
the cow’s body (Zhou et al., 2021). This increases breeding 
efficiencies and the number of offspring from genetically 
valuable cows. It enhances reproductive efficiencies in the 
genetics of the herd.

Assisted reproductive technology allows beef cattle 
producers to dramatically enhance reproduction efficiency, 
enhance herd genetics, and simultaneously increase the 
profitability of beef cattle operations.

MATERIALS AND METHODS

This was an assessment of reproductive intervention 
effectiveness in the beef cattle industry through an evaluation 
of breeding practices, nutrition and supplementation, and 
health considerations related to animal well-being and 
reproduction. Effectiveness of intervention was probed via 
a comparative assessment approach with pre- and post-
measurement of calving intervals and conception rates. The 
setting was a commercial beef cattle farm over a one-year 
period.

Study area and cattle selection
It was conducted on a beef cattle ranch in a moderate 
climatic condition area of temperate climate. 200 beef 
multiparous and primiparous cows that were of near 
similar age as well as body condition scores were selected 
randomly. Cattle groups were assigned against various 
treatments with reproductive strategies followed.

Experimental design
The cattle were allocated into four treatment groups, which 
were given a particular reproductive management strategy.
Control group (CG): Controlled under traditional farm 
breeding techniques without further interventions.
1.	 Nutritional supplementation group (NSG): Supplied 

with energy- and protein-enriched diets to maximize 

reproductive performance
2.	 Estrus synchronization group (ESG): Implanted 

with a prostaglandin (PGF2α) plus a gonadotropin-
releasing hormone (GnRH) treatment program for 
synchronization of estrus

3.	 Assisted reproductive technologies group (ARTG): 
Exposure to artificial insemination (AI) and embryo 
transfer (ET) procedures with high-genetic-merit 
sires.

Nutritional management
Cattle in the NSG and ARTG groups received 
supplementary feeding in the form of a balanced diet 
supplemented with higher percentages of crude protein 
(14%) and metabolizable energy (2.5 Mcal/kg). Mineral 
supplementation such as selenium, zinc, and copper was 
offered to enhance fertility. BCS was checked once a 
month to determine the impact of the changes in diet.

Reproductive health management
All the cattle were subjected to routine reproductive health 
checks through rectal palpation and ultrasonography to 
ascertain ovarian activity and pregnancy status. Visual 
observation and activity monitor devices were utilized 
for estrus detection. Routine vaccination and deworming 
practices were also adopted to reduce reproductive 
disorders.

Data collection and analysis
All treatment groups were evaluated for conception rates, 
calving intervals, pregnancy rates, and estrus detection 
rates, and treatment group differences were determined by 
ANOVA and Chi-square statistical analysis.

RESULTS AND DISCUSSION

This experiment evaluated the efficacy of various reproductive 
management strategies to enhance reproductive efficiency 
in the beef sector. The key measurement variables were 
conception rates, calving intervals, pregnancy rates, and 
estrus response rates. The results of the project indicate 
statistically significant differences between treatment 
groups, which offers a way to assess fertility successes in 
cattle.

Reproductive performance across treatment 
groups
Reproductive efficiency was assessed according to key 
relative factors, and the estrus synchronization group 
(ESG) and assisted reproductive technologies group 
(ARTG) had the relative optimum efficiency.
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Table 1: Reproductive performance across treatment groups.
Parameter Control 

group (CG)
Nutritional supplemen-
tation group (NSG)

Estrus synchronization 
group (ESG)

Assisted reproductive technol-
ogies group (ARTG)

Conception rate (%) 65 ± 3.2 74 ± 2.8 85 ± 3.1 91 ± 2.6
Calving interval (days) 430 ± 12 410 ± 9 385 ± 8 370 ± 7
Pregnancy rate (%) 60 ± 2.7 72 ± 2.9 83 ± 3.0 89 ± 2.5
Estrus response (%) 62 ± 3.1 70 ± 2.9 88 ± 3.3 93 ± 2.7

Figure 1: Reproductive performance across treatment 
groups.

Overall, the comparative reproductive performance within 
and between the various treatment groups indicated an 
increase in conception rate, pregnancy rate, estrus response, 
and calving interval. The least amount of reproductive 
efficiency came from the control group; the treatment 
group with nutritional supplementation had barely a 
second increase. Where reproduction was concerned, the 
estrus synchronization group had an additional advantage 
as it increased the estrus response and conception rates 
to statistically significant levels. However, still, the group 
receiving assisted reproductive technologies (ART) had 
the most amount of reproductive efficiency with increases 
in conception and pregnancy rates, decreases in calving 
interval, and an increase in estrus response. These results 
imply that nutritional treatment is beneficial to improving 
fertility; however, treatment groups with synchronized 
estrus and ART had the most significant results, meaning 
they are the best ways to improve reproductive efficiency 
and productivity of any beef cattle business.

Effect of estrus synchronization on 
reproductive parameters
Estrus synchronization enhanced conception and 
pregnancy rates much better than traditional breeding.

Table 2: Comparison of estrus response and conception 
rate in synchronized vs. non-synchronized cattle
Parameter Non-synchronized 

(CG + NSG)
Synchronized 
(ESG + ARTG)

Estrus response (%) 66 ± 2.5 90 ± 2.8
Conception rate (%) 70 ± 2.9 88 ± 3.0
Calving interval (days) 420 ± 9 380 ± 7

When comparing non-synchronized versus synchronized 
groups in terms of reproductive performance, the results 
were significantly in favor of those undergoing estrus 
synchronization. The estrus response was significantly 
higher for the synchronized group versus the non-
synchronized group, which indicates that the treatment 
with hormones was successful in inducing and controlling 
estrus cycles and increased pregnant efficiencies. In 
addition, the conception rate was significantly higher 
for the synchronized group versus the non-synchronized 
group as well, suggesting that synchronization rendered 
higher levels of fertility. Finally, the calving interval was 
significantly lower in the synchronized group, which 
indicates better control over the process and shorter 
lengths of time between re-impregnation. Thus, this data is 
definitive that estrus synchronization works for successful 
reproduction, faster calving intervals, and higher outputs 
for total herd production of beef cattle.

Effect of nutritional supplementation on 
reproductive efficiency
Nutritional management positively influenced reproductive 
performance. For instance, the cows in the nutritional 
treatment group had increased body condition scores 
(BCS), which meant greater fertility.

Table 3: Effect of nutritional supplementation on body 
condition score (BCS) and fertility parameters.
Parameter Control 

group (CG)
Nutritional supplemen-
tation group (NSG)

Initial BCS 4.5 ± 0.3 4.6 ± 0.2
Final BCS 4.3 ± 0.2 5.1 ± 0.3
Conception rate (%) 65 ± 3.2 74 ± 2.8
Pregnancy rate (%) 60 ± 2.7 72 ± 2.9

Comparison of control and nutritional supplementation 
group (NSG) BCS and reproductive performance 
suggests that cattle did much better with additional 
nutritional support. For example, while the starting BCS 
was comparable between the two groups, ending BCS 
showed better results for the NSG and a slight decrease 
for the control. This means that the targeted nutritional 
supplementation took a positive step in the right direction 
for body condition score, which helped with subsequent 
reproductive performance. In addition, the NSG had a 
statistically significantly higher conception rate as well as 
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pregnancy rate compared to the control, which indicates 
that higher nutritional resources positively impacted 
cattle’s ability to conceive and stay pregnant. Improved 
reproductive performance for the NSG group compared 
to control was likely due to higher quality nutrition’s 
ability to foster hormonal health, ovarian function, and 
general reproductive success. These findings are important 
to illustrate how nutritional management can improve 
conception and gestation rates in beef cattle.

Impact of assisted reproductive technologies 
(ART) on genetic improvement
Artificial insemination (AI) and embryo transfer (ET) 
greatly enhanced reproductive performance, especially in 
regard to calf birth weight and growth rates.

Table 4: Comparison of birth weight and growth rate 
of calves from natural mating and assisted reproductive 
technologies (ART).
Parameter Natural mating 

(CG and NSG)
ART (AI and 
ET) (ARTG)

Birth weight (kg) 30.5 ± 1.2 35.7 ± 1.5
Weaning weight (kg) 220 ± 5.8 245 ± 6.1
Average daily gain (kg) 0.78 ± 0.05 0.92 ± 0.04

Figure 2: Comparison of birth weight and growth rate 
of calves from natural mating and assisted reproductive 
technologies (ART).

The comparison charts comparing growth performance 
from natural equations and assisted reproductive 
technologies (ART) demonstrate significant differences 
across all major parameters birth weight, weaning weight, 
and average daily gain (ADG). Naturally bred calves 
had decreased ADG relative to naturally bred calves. 
Conversely, ART-bred calves had higher birth rates 
relative to naturally bred calves. The ART-bred females had 
higher weaning weights, reflecting early enhanced growth 
performance which continued into the weaning and final 
assessment periods, reflectively extending anticipated 
growth potential for longer lifespans. Finally, ADG was 

increased for ART-bred males, reflecting anticipated 
feed efficiency and growth potential. Thus, these results 
reflect that assessment via ART provided positive growth 
advantages which translate to better market value and 
productivity in purebred beef herds. Increased weights for 
the ART projects could result from genetic preselection, 
breeding at the most optimal time, and maternal optimal 
condition for breeding during gestation.

Economic analysis of reproductive strategies
The economic benefits of ART and estrus synchronization 
were analyzed in terms of cost per pregnancy and return 
on investment (ROI).

Table 5: Economic comparison of different reproductive 
strategies.
Parameter Control 

group (CG)
NSG ESG ARTG

Cost per pregnancy 
(USD)

120 ± 5 140 ± 6 160 ± 7 180 ± 8

Market value of 
calves (USD)

450 ± 10 480 ± 12 520 ± 14 560 ± 15

ROI (%) 275% 290% 325% 350%

Figure 3: Economic comparison of different reproductive 
strategies.

All three reproductive strategies in beef cattle were most 
cost-effective compared to natural breeding, with varied 
degrees of significance with respect to cost per pregnancy, 
market value of the calf, and return on investment (ROI). 
Cost per pregnancy was cheapest with the control group 
and then increased with the other groups in an incremental 
fashion, with the ART group receiving the highest cost 
per pregnancy. However, the ART group also received 
the highest market value of calves by group, followed by 
the estrus synchronization and natural synchronization 
groups, while the natural control value group had the 
lowest market value of calves. Therefore, the highest ROI 
was also with the ART group. This signifies that ART 
was the most cost-effective option despite receiving the 
highest cost per group for pregnancy. However, the other 
two groups had significant positive economic returns over 
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the natural control group. Therefore, these findings show 
that even though the ART group has the highest cost per 
pregnancy, it has the highest profitability potential with 
regards to value of calf and overall economic return for 
effective long-term operations of a cattle farm.

CONCLUSION 

This research assessed the success of different alternatives 
to improve beef cow reproductive performance via 
natural service, heat detection, artificial inseminations 
(AI), heat synchronization, hormonal interventions, and 
assisted reproductive technologies (ART). The results 
indicated that assisted reproductive technology (ART) 
AI and embryo transfer (ET) significantly improved 
important reproductive outcomes. The ART group results 
were superior to that of the natural breeding group, and 
the conception (91%) and pregnancy rate (89%) were 
significantly higher than the other groups with better 
efficiency. Furthermore, the calves generated by the ART 
group had higher body weight at birth (35.7 kg) and 
better weight gain afterward, increasing their selling value. 
The economic assessment showed that the ART group 
had the highest pregnancy expense (USD 180), but the 
highest return on investment (ROI of 350%), indicating 
the most feasible cost-effective method for sustainable 
growth. Therefore, this study concluded that innovative 
reproductive technologies offer qualitative improvements 
in productivity, fertility, economic feasibility, and genetic 
improvements in cattle with caution, assessment of 
training, and adjustments for the potential best cost-
effective solutions to render the greatest rewards.

RECOMMENDATIONS

•	 Farmers must adopt Artificial Insemination (AI) and 
Embryo Transfer (ET) to enhance conception and 
pregnancy rate.

•	 Training sessions need to be organized to facilitate the 
correct execution and handling of ART methods.

•	 Hormonal treatment for estrus synchronization will 
boost reproductive efficiency and minimize calving 
intervals.

•	 Nutrition and mineral supplementation need to be 
done in balanced manner to enhance reproductive 
performance.

•	 Regular monitoring of health and disease prevention 
methods must be followed for improved fertility.

•	 Government subsidies or cooperative farming 
strategies can bring ART within the reach of small-
scale farmers.

•	 Farmers need to perform cost-benefit analyses prior to 
the adoption of new reproductive techniques.

•	 More research needs to be carried out on refining 

ART protocols for varied breeds and environmental 
conditions.

•	 Selective breeding schemes involving genetic screening 
and ART methods can be used to improve cattle 
productivity and genetic makeup.

ACKNOWLEDGEMENTS

The authors would like to thank Al-Bayan University, as 
well as the field technicians who helped with the study.

NOVELTY STATEMENTS

This study evaluated the effectiveness of various methods, 
including heat detection, artificial insemination (AI), heat 
synchronization, natural service, hormonal therapies, and 
assisted reproductive technologies (ART), to enhance 
the reproductive performance of beef cows. The findings 
showed that AI and embryo transfer (ET), two forms 
of assisted reproductive technology (ART), dramatically 
enhanced key reproductive outcomes. Conception (91%) 
and pregnancy rate (89%) were significantly greater than 
those of the other groups with improved efficiency, and the 
outcomes of the ART group were better than those of the 
natural breeding group. The calves produced by the ART 
group also had greater weight gain later on and a higher 
birth weight (35.7 kg), which increased their market worth.

AUTHOR’S CONTRIBUTION

All of the trials were designed by ZMH, SAA-J and HRK. 
SJ, SA and HSA conducted all of the tests, gathered the 
data, and composed the manuscript draft. MM helped 
with the data analysis that was done to prepare the work 
for submission to the journal. The final draft of the work 
was reviewed and approved by all authors for publication 
in the Journal of Animal and Health Production.

Ethical consideration
Not applicable.

Conflict of interest
The authors have declared no conflict of interest.

REFERENCES 

Abdulateef SM, Saed ZJ M, Mohammed TT, Mohammed AB 
(2024). The impact of adding Raphanus sativus seeds to 
the diet of broiler breeders on egg production and quality, 
hatchability, and physiological traits. Anbar J. Agric. Sci., 
22(2). https://doi.org/10.32649/ajas.2024.185833

Abdulnabi OW, Alsalame HA, Al-baiati MN (2024). Studying 
of using chitosan-cephalexin nanocomposite to induce ROS 
and apoptosis in colon cancer cell line HCT-29. Moroccan 
J. Chem., 12(3): 1270–1280.

https://doi.org/10.32649/ajas.2024.185833


      Journal of Animal Health and Production

2025 | Volume 13 | Special Issue 1 | Page 307

Abed SM, Rashid SN, Al-Najar FM, Mustafa MA (2024). 
Comparative effects of Nd:YAG and diode laser irradiation 
on Escherichia coli clinical isolates: A molecular analysis. 
Int. J. Design Nat. Ecodyn., 19(4): 1121–1128. https://doi.
org/10.18280/ijdne.190403

Ahmad HS (2025). The impacts of domperidone and 
nanoparticals on hormones and tissues of rabbit female 
reproductive system. Tikrit J. Agric. Sci., 25(1): 122–131. 
https://doi.org/10.25130/tjas.25.1.10

Ahmad HS (2023). Study of the effect of chitosan and nystatin 
for rabbits treated with Candida krusei yeast on blood 
parameters, electrolytes and intestinal tissue. J. Pharma. 
Negat. Results, 14(2).

Ahmad HS, Abdulwahed AS, Kamil MA (2024). Evaluation 
of serum levels of irisin, tumor necrosis factor and some 
biochemical variables in males with prostate cancer in 
Baghdad city. Cell. Mol. Biol., 70(12): 152–156. https://doi.
org/10.14715/cmb/2024.70.12.21

Ahmad HS, Hasan AS, Al-Dulaimi FK, Abdulaqder AT (2019). 
Study of some hematological and biochemical among for 
employees of Al-Dour technical institute. Biochem. Cell. 
Arch., 19(1).

Ahmad HS, Noman SJ (2023). Correlation study of hemoglobin 
and hematocrit levels with BMI, age, and gender and 
determination of the risk of anemia in adult residents of Iraq. 
Appl. Nanosci., 13(8): 5357–5364. https://doi.org/10.1007/
s13204-023-02878-3

Al-Aameli MH, Al-Taee RAM, Alsalame HA (2019). 
Histological and physiological alterations in the aorta and 
heart in relation with cholesterol diet in male albino rat. 
Indian J. Forensic Med. Toxicol., 13: 313–318. https://doi.
org/10.5958/0973-9130.2019.00135.X

Alhaqmuhamad AA, Abdulrahman MA, Ahmad, HS (2019). 
Effect of nanoparticles on liver functions and antioxidant in 
female rabbits treated with domperidone. Indian J. Forensic 
Med. Toxicol., 13(4). https://doi.org/10.5958/0973-
9130.2019.00348.7

Al-Saadi AR, Shwan SA (2024). Advances in the management 
of cardiomyopathies: A comprehensive review. J. Rare 
Cardiovasc. Dis., 4(8): 185–192.

Alsalame HAAA (2019). Study the effect of Lycium 
barbarum polysaccharide on bone and thyroid gland in 
hyperlipidemic healthy male albino rats. Scopus IJPHRD 
Citation Score, 10(7): 764. https://doi.org/10.5958/0976-
5506.2019.01667.X

Alsalame HAAA (2020). Study effects of Nigella sativa seeds 
oil in some physiological parameters in experimental heart 
failure induced by ivabradine in male rats. Indian J. Forensic 
Med. Toxicol., 14(3): 2609–2613. https://doi.org/10.37506/
ijfmt.v14i3.10831

Alsalame HAAA, Laylani LS (2024). Evaluating the efficacy 
of Vernonia amygdalina on physiological parameters in 
ameliorating hepatic and renal injury in male rats. Tikrit 
J. Agric. Sci., 24(2): 298–310. https://doi.org/10.25130/
tjas.24.2.21

Azizah S, Rachmawati A (2024). Reproductive evaluation of 
beef cattle inseminated with frozen semen of wagyu cattle 
in Situbondo district. Int. J. Curr. Sci. Res. Rev., 7. https://
www.academia.edu/download/116543950/Reproductive_
Evaluation_of_Beef_Cattle_Inseminated_with_Frozen_
Semen_of.pdf, https://doi.org/10.47191/ijcsrr/V7-i6-100

Baruselli PS, Abreu LÂD, Paula VRD, Carvalho B, Gricio 
EA, Mori FK, D’Occhio M (2023). Applying assisted 

reproductive technology and reproductive management to 
reduce CO2-equivalent emission in dairy and beef cattle: 
A review. Anim. Reprod., 20(2): e20230060. https://www.
scielo.br/j/ar/a/snT5nttZ6KtdCKSZ7VS5KcF/?lang=en, 
https://doi.org/10.1590/1984-3143-ar2023-0060

Bellows RA, Short RE (2021). Reproductive losses in the 
beef industry. In:  Factors affecting calf crop.  pp. 109-
133. CRC Press. https://www.taylorfrancis.com/
chapters/edit/10.1201/9781003069119-8/reproductive-
losses-beef-industry-bellows-short, https://doi.
org/10.1201/9781003069119-8

Berry DP, Wall E, Pryce JE (2014). Genetics and genomics 
of reproductive performance in dairy and beef 
cattle. Animal, 8(s1): 105-121. https://www.cambridge.org/
core/journals/animal/article/genetics-and-genomics-of-
reproductive-performance-in-dairy-and-beef, https://doi.
org/10.1017/S1751731114000743

Bhat JA, Yu D, Bohra A, Ganie SA, Varshney RK (2021). Features 
and applications of haplotypes in crop breeding. Commun. 
Boil., 4(1): 1266. https://www.nature.com/articles/s42003-
021-02782-y, https://doi.org/10.1038/s42003-021-
02782-y

Brito LF, Bédère N, Douhard F, Oliveira HR, Arnal M, 
Peñagaricano F, Miglior F (2021). Genetic selection of high-
yielding dairy cattle toward sustainable farming systems in a 
rapidly changing world. Animal, 15: 100292. https://www.
sciencedirect.com/science/article/pii/S175173112100135X, 
https://doi.org/10.1016/j.animal.2021.100292 

Burns BM, Fordyce G, Holroyd RG (2010). A review of factors 
that impact on the capacity of beef cattle females to conceive, 
maintain a pregnancy and wean a calf. Implications for 
reproductive efficiency in northern Australia.  Anim. 
Reprod. Sci.,  122(1-2): 1-22. https://www.sciencedirect.
com/science/article/pii/S0378432010000898, https://doi.
org/10.1016/j.anireprosci.2010.04.010

Cardoso CCE, Wiltbank MC, Sartori R (2021). Factors 
that optimize reproductive efficiency in dairy herds 
with an emphasis on timed artificial insemination 
programs.  Animals,  11(2): 301. https://www.mdpi.
com/2076-2615/11/2/301, https://doi.org/10.3390/
ani11020301

de Sá Filho OG, Vasconcelos JLM (2011). Treatments to 
optimize the use of artificial insemination and reproductive 
efficiency in beef cattle under tropical environments.  Vet. 
Med. Int.,  2011(1): 923053. https://onlinelibrary.
wiley.com/doi/abs/10.4061/2011/923053, https://doi.
org/10.4061/2011/923053

Diskin MG, Kenny DA (2016). Managing the reproductive 
performance of beef cows.  Theriogenology,  86(1): 379-
387. https://www.sciencedirect.com/science/article/
pii/S0093691X16300917, https://doi.org/10.1016/j.
theriogenology.2016.04.052

Emerenciano MG, Rombenso AN, Vieira FDN, Martins MA, 
Coman GJ, Truong HH, Simon CJ (2022). Intensification 
of penaeid shrimp culture: an applied review of advances in 
production systems, nutrition and breeding. Animals, 12(3): 
236. https://www.mdpi.com/2076-2615/12/3/236. https://
doi.org/10.3390/ani12030236

Fernandez-Novo A, Santos-Lopez S, Pesantez-Pacheco JL, 
Pérez-Villalobos N, Heras-Molina A, Gonzalez-Martin JV, 
Astiz S (2021). Effects on synchronization and reproductive 
efficiency of delaying the removal of the intravaginal 
progesterone device by 24 h in the 5d Co-Synch protocol in 

https://doi.org/10.18280/ijdne.190403
https://doi.org/10.18280/ijdne.190403
https://doi.org/10.25130/tjas.25.1.10
https://doi.org/10.14715/cmb/2024.70.12.21
https://doi.org/10.14715/cmb/2024.70.12.21
https://doi.org/10.1007/s13204-023-02878-3
https://doi.org/10.1007/s13204-023-02878-3
https://doi.org/10.5958/0973-9130.2019.00135.X
https://doi.org/10.5958/0973-9130.2019.00135.X
https://doi.org/10.5958/0973-9130.2019.00348.7
https://doi.org/10.5958/0973-9130.2019.00348.7
https://doi.org/10.5958/0976-5506.2019.01667.X
https://doi.org/10.5958/0976-5506.2019.01667.X
https://doi.org/10.37506/ijfmt.v14i3.10831
https://doi.org/10.37506/ijfmt.v14i3.10831
https://doi.org/10.25130/tjas.24.2.21
https://doi.org/10.25130/tjas.24.2.21
https://www.academia.edu/download/116543950/Reproductive_Evaluation_of_Beef_Cattle_Inseminated_with_Frozen_Semen_of.pdf
https://www.academia.edu/download/116543950/Reproductive_Evaluation_of_Beef_Cattle_Inseminated_with_Frozen_Semen_of.pdf
https://www.academia.edu/download/116543950/Reproductive_Evaluation_of_Beef_Cattle_Inseminated_with_Frozen_Semen_of.pdf
https://www.academia.edu/download/116543950/Reproductive_Evaluation_of_Beef_Cattle_Inseminated_with_Frozen_Semen_of.pdf
https://doi.org/10.47191/ijcsrr/V7-i6-100
https://www.scielo.br/j/ar/a/snT5nttZ6KtdCKSZ7VS5KcF/?lang=en
https://www.scielo.br/j/ar/a/snT5nttZ6KtdCKSZ7VS5KcF/?lang=en
https://doi.org/10.1590/1984-3143-ar2023-0060
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003069119-8/reproductive-losses-beef-industry-bellows-short
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003069119-8/reproductive-losses-beef-industry-bellows-short
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003069119-8/reproductive-losses-beef-industry-bellows-short
https://doi.org/10.1201/9781003069119-8
https://doi.org/10.1201/9781003069119-8
https://www.cambridge.org/core/journals/animal/article/genetics-and-genomics-of-reproductive-performance-in-dairy-and-beef
https://www.cambridge.org/core/journals/animal/article/genetics-and-genomics-of-reproductive-performance-in-dairy-and-beef
https://www.cambridge.org/core/journals/animal/article/genetics-and-genomics-of-reproductive-performance-in-dairy-and-beef
https://doi.org/10.1017/S1751731114000743
https://doi.org/10.1017/S1751731114000743
https://www.nature.com/articles/s42003-021-02782-y
https://www.nature.com/articles/s42003-021-02782-y
https://doi.org/10.1038/s42003-021-02782-y
https://doi.org/10.1038/s42003-021-02782-y
https://www.sciencedirect.com/science/article/pii/S175173112100135X
https://www.sciencedirect.com/science/article/pii/S175173112100135X
https://doi.org/10.1016/j.animal.2021.100292
https://www.sciencedirect.com/science/article/pii/S0378432010000898
https://www.sciencedirect.com/science/article/pii/S0378432010000898
https://doi.org/10.1016/j.anireprosci.2010.04.010
https://doi.org/10.1016/j.anireprosci.2010.04.010
https://www.mdpi.com/2076-2615/11/2/301
https://www.mdpi.com/2076-2615/11/2/301
https://doi.org/10.3390/ani11020301
https://doi.org/10.3390/ani11020301
https://onlinelibrary.wiley.com/doi/abs/10.4061/2011/923053
https://onlinelibrary.wiley.com/doi/abs/10.4061/2011/923053
https://doi.org/10.4061/2011/923053
https://doi.org/10.4061/2011/923053
https://www.sciencedirect.com/science/article/pii/S0093691X16300917
https://www.sciencedirect.com/science/article/pii/S0093691X16300917
https://doi.org/10.1016/j.theriogenology.2016.04.052
https://doi.org/10.1016/j.theriogenology.2016.04.052
https://www.mdpi.com/2076-2615/12/3/236
https://doi.org/10.3390/ani12030236
https://doi.org/10.3390/ani12030236


      Journal of Animal Health and Production

2025 | Volume 13 | Special Issue 1 | Page 308

heifers. Animals, 11(3): 849. https://www.mdpi.com/2076-
2615/11/3/849, https://doi.org/10.3390/ani11030849

Govindarajan S, Mustafa MA, Kiyosov S, Duong ND, Raju MN, 
Gola KK (2023). Retracted: An optimization-based feature 
extraction and machine learning techniques for named entity 
identification. https://doi.org/10.1016/j.ijleo.2022.170348

Gupta S, Sharma A, Joy A, Dunshea FR, Chauhan SS (2022). The 
impact of heat stress on immune status of dairy cattle and 
strategies to ameliorate the negative effects. Animals, 13(1): 
107. https://www.mdpi.com/2076-2615/13/1/107, https://
doi.org/10.3390/ani13010107

Gutierrez K, Kasimanickam R, Tibary A, Gay JM, Kastelic JP, 
Hall JB, Whittier WD (2014). Effect of reproductive tract 
scoring on reproductive efficiency in beef heifers bred by 
timed insemination and natural service versus only natural 
service.  Theriogenology,  81(7): 918-924. https://www.
sciencedirect.com/science/article/pii/S0093691X14000284, 
https://doi.org/10.1016/j.theriogenology.2014.01.008 

Heller LM, Couto LFM, Zapa DMB, de Assis Cavalcante AS, 
Colli MHA, Ferreira LL, Lopes WDZ (2021). Increase in 
the reproductive efficiency of primiparous and multiparous 
Nellore cows following moxidectin treatment at the onset 
of a fixed-time artificial insemination protocol.  Livest. 
Sci.,  251: 104613. https://www.sciencedirect.com/science/
article/pii/S1871141321002213, https://doi.org/10.1016/j.
livsci.2021.104613

Hsu CY, Mustafa MA, Yadav A, Batoo KM, Kaur M, Hussain 
S, Nai L (2024). N2 reduction to NH3 on surfaces of Co-
Al18P18, Ni-Al21N21, Fe-B24N24, Mn-B27P27, Ti-C60 
and Cu-Si72 catalysts. J. Mol. Model., 30(3): 62. https://doi.
org/10.1007/s00894-024-05862-y

Jiménez JM, Morales R, Molina A, Moreno-Millán M, Demyda-
Peyrás S (2022). Effect of the rob (1; 29) translocation on the 
fertility of beef cattle reared under extensive conditions: A 
30‐year retrospective study. Reprod. Domest. Anim., 57(4): 
349-356. https://onlinelibrary.wiley.com/doi/abs/10.1111/
rda.14073, https://doi.org/10.1111/rda.14073

Kadham SM, Mustafa MA, Abbass NK, Karupusamy S (2023). 
Comparison between fuzzy partial H-transform and fuzzy 
partial Laplace transform in x-ray image processing of acute 
interstitial pneumonia. Int. J. Syst. Assur. Eng. Manage., pp. 
1–9. https://doi.org/10.1007/s13198-023-02001-3

Karupusamy S, Mustafa MA, Jos BM, Dahiya P, Bhardwaj R, 
Kanani P, Kumar A (2023). Torque control-based induction 
motor speed control using anticipating power impulse 
technique. Int. J. Adv. Manufact. Technol., pp. 1–9. https://
doi.org/10.1007/s00170-023-10893-5

Kenny DA, Fitzsimons C, Waters SM, McGee M (2018). Invited 
review: Improving feed efficiency of beef cattle–the current 
state of the art and future challenges. Animal, 12(9): 1815-
1826. https://www.cambridge.org/core/journals/animal/
article/invited-review-improving-feed-efficiency-of-beef-
cattle-the-current-state-of-the-art-and-future, https://doi.
org/10.1017/S1751731118000976

Keogh K, Carthy TR, McClure MC, Waters SM, Kenny DA 
(2021). Genome-wide association study of economically 
important traits in Charolais and Limousin beef 
cows.  Animal,  15(1): 100011. https://www.sciencedirect.
com/science/article/pii/S1751731120300112, https://doi.
org/10.1016/j.animal.2020.100011

Laylani LS, Abd-Alwahab WIA, Ahmad HS, Mustafa MA 
(2024). The effect of carotenoids of Rhodotorula glutinis and 
probiotic of Lactobacillus acidophilus on physiological and 

histological variables of the kidney in male rats exposed to 
ultraviolet radiation. J. Anim. Health Prod., 12(s1): 326–331. 
https://doi.org/10.17582/journal.jahp/2024/12.s1.326.331.

McDaneld TG, Kuehn LA, Thomas MG, Snelling WM, 
Smith TPL, Pollak EJ, Keele JW (2014). Genomewide 
association study of reproductive efficiency in female 
cattle.  J. Anim. Sci.,  92(5): 1945-1957. https://academic.
oup.com/jas/article-abstract/92/5/1945/4703400, https://
doi.org/10.2527/jas.2012-6807

Mincu M, Gavojdian D, Nicolae I, Olteanu AC, Vlagioiu C 
(2021). Effects of milking temperament of dairy cows on 
production and reproduction efficiency under tied stall 
housing. J. Vet. Behav., 44: 12-17. https://www.sciencedirect.
com/science/article/pii/S1558787821000563, https://doi.
org/10.1016/j.jveb.2021.05.010

Mohamad HS, Salah M, Albassam NH, Mdloul NS, Muhaimeed 
AR, Sulaiman MA (2025). Using the diverse vegetables as 
a filtration plants in aquaculture intensive system. Tikrit J. 
Agric. Sci., 25(1): 1–16. https://doi.org/10.25130/tjas.25.1.1

Mutmainna M, Baco S, Hasbi H (2022). Reproductive efficiency 
of cows in different parity. Hasanuddin J. Anim. Sci., 4(2): 
82-89. http://journal-old.unhas.ac.id/index.php/hajas/
article/view/20995, https://doi.org/10.20956/hajas.
v4i2.20995

Noman SJ, Ahmad HS (2023). Effects of some fungal secondary 
metabolite against some cancer cell line. Bangladesh J. 
Med. Sci., pp. 133–137. https://doi.org/10.3329/bjms.
v22i20.66321

Olson CA, Li C, Block H, McKeown L, Basarab JA (2021). 
Phenotypic and genetic correlations of beef replacement 
heifer feeding behaviour, feed intake and feed efficiency 
with cow performance and lifetime productivity.  J. Anim. 
Breed. Genet., 138(3): 300-313. https://onlinelibrary.wiley.
com/doi/abs/10.1111/jbg.12522, https://doi.org/10.1111/
jbg.12522

Ramadhan MN, Abdulla AA, Alfaris MA (2025). Evaluation of 
the performance of developed combined plowing machine 
under different operation circumstances. Tikrit J. Agric. Sci., 
25(1): 17–30. https://doi.org/10.25130/tjas.25.1.2

Richardson KJ (2022).  Increasing reproductive efficiency and 
progeny performance through improved embryonic and 
genetic selection in cattle  (Doctoral dissertation). https://
wtamu-ir.tdl.org/items/c0c8fe22-5871-43d8-90a2-
0cb57eafd3a3 

Saadh MJ, Mustafa MA, Qassem LY, Ghadir GK, Alaraj M, 
Alubiady MHS, Zwamel AH (2024). Targeting hypoxic 
and acidic tumor microenvironment by nanoparticles: A 
review. J. Drug Delivery Sci. Technol., pp. 105660. https://
doi.org/10.1016/j.jddst.2024.105660

Saadoon SM, Khudair AF, Salih ZK (2025). Effect of polymers 
and NPK fertilizer on the vegetative and flowering 
characteristics of Senna surattensis under deficit irrigation. 
Tikrit J. Agric. Sci., 25(1): 31–43. https://doi.org/10.25130/
tjas.25.1.3

Saed ZJ, Hamad OK, Mohammed A, Al-Jumaily TK (2024). 
Effect of natural zeolite (Nz) on growth performance, 
immunity parameters and gut histology in broiler chicken. 
Tikrit J. Agric. Sci., 24(2): 93–101. https://doi.org/10.25130/
tjas.24.2.8

Santa Cruz R, De Barbieri I, Olmos VM, Montossi F, Viñoles C 
(2022). Effect of temporary weaning and creep feeding on 
calf growth and the reproductive efficiency of their Hereford 
dams.  Anim. Biosci.,  35(10): 1524. https://pmc.ncbi.nlm.

https://www.mdpi.com/2076-2615/11/3/849
https://www.mdpi.com/2076-2615/11/3/849
https://doi.org/10.3390/ani11030849
https://doi.org/10.1016/j.ijleo.2022.170348
https://www.mdpi.com/2076-2615/13/1/107
https://doi.org/10.3390/ani13010107
https://doi.org/10.3390/ani13010107
https://www.sciencedirect.com/science/article/pii/S0093691X14000284
https://www.sciencedirect.com/science/article/pii/S0093691X14000284
https://doi.org/10.1016/j.theriogenology.2014.01.008
https://www.sciencedirect.com/science/article/pii/S1871141321002213
https://www.sciencedirect.com/science/article/pii/S1871141321002213
https://doi.org/10.1016/j.livsci.2021.104613
https://doi.org/10.1016/j.livsci.2021.104613
https://doi.org/10.1007/s00894-024-05862-y
https://doi.org/10.1007/s00894-024-05862-y
https://onlinelibrary.wiley.com/doi/abs/10.1111/rda.14073
https://onlinelibrary.wiley.com/doi/abs/10.1111/rda.14073
https://doi.org/10.1111/rda.14073
https://doi.org/10.1007/s13198-023-02001-3
https://doi.org/10.1007/s00170-023-10893-5
https://doi.org/10.1007/s00170-023-10893-5
https://www.cambridge.org/core/journals/animal/article/invited-review-improving-feed-efficiency-of-beef-cattle-the-current-state-of-the-art-and-future
https://www.cambridge.org/core/journals/animal/article/invited-review-improving-feed-efficiency-of-beef-cattle-the-current-state-of-the-art-and-future
https://www.cambridge.org/core/journals/animal/article/invited-review-improving-feed-efficiency-of-beef-cattle-the-current-state-of-the-art-and-future
https://doi.org/10.1017/S1751731118000976
https://doi.org/10.1017/S1751731118000976
https://www.sciencedirect.com/science/article/pii/S1751731120300112
https://www.sciencedirect.com/science/article/pii/S1751731120300112
https://doi.org/10.1016/j.animal.2020.100011
https://doi.org/10.1016/j.animal.2020.100011
https://doi.org/10.17582/journal.jahp/2024/12.s1.326.331
https://academic.oup.com/jas/article-abstract/92/5/1945/4703400
https://academic.oup.com/jas/article-abstract/92/5/1945/4703400
https://doi.org/10.2527/jas.2012-6807
https://doi.org/10.2527/jas.2012-6807
https://www.sciencedirect.com/science/article/pii/S1558787821000563
https://www.sciencedirect.com/science/article/pii/S1558787821000563
https://doi.org/10.1016/j.jveb.2021.05.010
https://doi.org/10.1016/j.jveb.2021.05.010
https://doi.org/10.25130/tjas.25.1.1
http://journal-old.unhas.ac.id/index.php/hajas/article/view/20995
http://journal-old.unhas.ac.id/index.php/hajas/article/view/20995
https://doi.org/10.20956/hajas.v4i2.20995
https://doi.org/10.20956/hajas.v4i2.20995
https://doi.org/10.3329/bjms.v22i20.66321
https://doi.org/10.3329/bjms.v22i20.66321
https://onlinelibrary.wiley.com/doi/abs/10.1111/jbg.12522
https://onlinelibrary.wiley.com/doi/abs/10.1111/jbg.12522
https://doi.org/10.1111/jbg.12522
https://doi.org/10.1111/jbg.12522
https://doi.org/10.25130/tjas.25.1.2
https://wtamu-ir.tdl.org/items/c0c8fe22-5871-43d8-90a2-0cb57eafd3a3
https://wtamu-ir.tdl.org/items/c0c8fe22-5871-43d8-90a2-0cb57eafd3a3
https://wtamu-ir.tdl.org/items/c0c8fe22-5871-43d8-90a2-0cb57eafd3a3
https://doi.org/10.1016/j.jddst.2024.105660
https://doi.org/10.1016/j.jddst.2024.105660
https://doi.org/10.25130/tjas.25.1.3
https://doi.org/10.25130/tjas.25.1.3
https://doi.org/10.25130/tjas.24.2.8
https://doi.org/10.25130/tjas.24.2.8
https://pmc.ncbi.nlm.nih.gov/articles/PMC9449374/


      Journal of Animal Health and Production

2025 | Volume 13 | Special Issue 1 | Page 309

nih.gov/articles/PMC9449374/, https://doi.org/10.5713/
ab.21.0384

Thabet ZF, Alsalame HAAA (2024). Evaluation the effectiveness 
of Nephelium lappaceum (Nl) peel aqueous extract against 
hepatocellular carcinoma induced by thioacetamide (TAA) 
in Male Albino Rats. Pure Sciences International Journal of 
Kerbala, 1(2).

Ullah A, Nadeem F, Nawaz A, Siddique KH, Farooq M (2022). 
Heat stress effects on the reproductive physiology and 
yield of wheat. J. Agron. Crop Sci., 208(1): 1-17. https://
onlinelibrary.wiley.com/doi/abs/10.1111/jac.12572, https://
doi.org/10.1111/jac.12572 

Vandana GD, Sejian V, Lees AM, Pragna P, Silpa MV, Maloney 
SK (2021). Heat stress and poultry production: Impact and 
amelioration.  Int. J. Biometeorol.,  65: 163-179. https://
link.springer.com/article/10.1007/s00484-020-02023-7, 
https://doi.org/10.1007/s00484-020-02023-7

Vasconcelos JLM, Carvalho R, Peres RF, Rodrigues AD, Junior 
IC, Meneghetti M, Pohler KG (2018). Reproductive 
programs for beef cattle: Incorporating management and 
reproductive techniques for better fertility. Anim. Reprod., 
14(3): 547-557. https://www.animal-reproduction.org/
article/doi/10.21451/1984-3143-AR998, https://doi.

org/10.21451/1984-3143-AR998
Wettemann RP (2021). Management of nutritional factors 

affecting the prepartum and postpartum cow. In: Factors 
affecting calf crop. (pp. 155-165). CRC Press. https://www.
taylorfrancis.com/chapters/edit/10.1201/9781003069119-
10/management-nutritional-factors-affecting-prepartum-
postpartum-cow-robert-wettemann, https://doi.
org/10.1201/9781003069119-10

Winton TS, Nicodemus MC, Harvey KM (2024). Stressors 
Inherent to beef cattle management in the united states 
of america and the resulting impacts on production 
sustainability: A review.  Ruminants,  4(2): 227-240. 
https://www.mdpi.com/2673-933X/4/2/16, https://doi.
org/10.3390/ruminants4020016

Zangana AJM, Ahmad HS, Al-Taii IAI (2022). A therapeutic 
attempt by water extract of Mentha piperita for amoebic 
dysentery in vivo and its effect on blood image. AIP Conf. 
Proc., 2394(1). https://doi.org/10.1063/5.0127590

Zhou J, Zhang J, Xue B, Yue S, Yang C, Xue B (2021). 
Effects of premating calcium and phosphorus 
supplementation on reproduction efficiency of grazing Yak 
heifers. Animals, 11(2): 554. https://www.mdpi.com/2076-
2615/11/2/554, https://doi.org/10.3390/ani11020554

https://pmc.ncbi.nlm.nih.gov/articles/PMC9449374/
https://doi.org/10.5713/ab.21.0384
https://doi.org/10.5713/ab.21.0384
https://onlinelibrary.wiley.com/doi/abs/10.1111/jac.12572
https://onlinelibrary.wiley.com/doi/abs/10.1111/jac.12572
https://doi.org/10.1111/jac.12572
https://doi.org/10.1111/jac.12572
https://link.springer.com/article/10.1007/s00484-020-02023-7
https://link.springer.com/article/10.1007/s00484-020-02023-7
https://doi.org/10.1007/s00484-020-02023-7
https://www.animal-reproduction.org/article/doi/10.21451/1984-3143-AR998
https://www.animal-reproduction.org/article/doi/10.21451/1984-3143-AR998
https://doi.org/10.21451/1984-3143-AR998
https://doi.org/10.21451/1984-3143-AR998
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003069119-10/management-nutritional-factors-affecting-prepartum-postpartum-cow-robert-wettemann
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003069119-10/management-nutritional-factors-affecting-prepartum-postpartum-cow-robert-wettemann
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003069119-10/management-nutritional-factors-affecting-prepartum-postpartum-cow-robert-wettemann
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003069119-10/management-nutritional-factors-affecting-prepartum-postpartum-cow-robert-wettemann
https://doi.org/10.1201/9781003069119-10
https://doi.org/10.1201/9781003069119-10
https://www.mdpi.com/2673-933X/4/2/16
https://doi.org/10.3390/ruminants4020016
https://doi.org/10.3390/ruminants4020016
https://doi.org/10.1063/5.0127590
https://www.mdpi.com/2076-2615/11/2/554
https://www.mdpi.com/2076-2615/11/2/554
https://doi.org/10.3390/ani11020554

