LIVESTOCK BREEDING AND REPRODUCTIVE MANAGEMENT
Dairy herd health management is undergoing a period of radical change worldwide. Genetic strategies to improve reproduction Up to the early 2000s, dairy genetic selection programmes in dairy producing countries traditionally selected predominantly for milk yield often at the expense of other dairy relevant traits, including fertility and health.

Genetic selection of livestock:

Opportunities may now be arising for selection of new traits that could be incorporated into breeding programmes. The strategies being used include the measurement of Mid-Infra-Red spectra (MIR) in milk, metabolites in milk and glycans on the immuno-gamma globulin (IgG) fraction of milk (Tiplady et al., 2020, Egger- Danner et al., 2015). Kumawat et al., (2020) and Sutovsky et al., (2013) suggested that biomarkers that are easily measured in milk would allow animal breeders to select for cows with a propensity for improved uterine health and therefore move towards cows that would have increased fertility. While in-vitro fertilisation (IVF) and embryo transfer are now significant tools to increase genetic selection on the female side with Bos indicus cattle, currently multiple ovulation and embryo transfer remains the more cost-effective method for Bos Taurus cattle at population level (Gomez et al., 2020). 
Mineral value in livestock reproduction:

Adding extra vitamins and minerals to the diet has often been suggested as a “golden bullet” solution to reduce declines in cow fertility by various commercial interests, while requirements for optimal reproductive efficiency in modern dairy cattle deserve careful reevaluation based on well-designed scientific research (Croewe et al., 2018, Hackbart et al., 2010, Kumar et al., 2011, Rabiee et al.,2010, Sahoo et al., 2016 and Yasothai, 2014). 
Use of precision livestock farming 
Oestrous detection Traditional approaches to reproductive management and use of artificial insemination have included either visual observation of oestrous behaviour, or the use of fixed time insemination protocols (e.g., OVSYNC). To achieve high submission rates to artificial insemination (AI), which are critical to achieve a 365-d calving interval in seasonal calving herds, requires an effective, practical means of identifying each cow in oestrus. Standing to be mounted is considered the main behavioral sign identifying an oestrous period and is used to determine the correct time to inseminate (Lovarelli et al., 2020). Both the physical activity and mounting activity induced by increased oestradiol production during the preovulatory follicular phase can be monitored in various ways. 
Heat detection rates (submission rate) vary from herd to herd with between 30 and 70% of cows exhibiting oestrous behaviour usually being detected in oestrus. With optimal visual observation of mounting activity for 20 min 5 times per day heat detection rates of 90 to 95% may be achieved but is considered laborious and time consuming(Lopes et al., 2016). With lower frequency of observation, lower rates of oestrous detection are achieved especially with higher yielding cows (e.g., only 70% of cows detected in oestrus with two or three observation periods of 30 min duration (Mottram et al., 2016). 
Furthermore, in high-yielding Holstein-Friesian dairy cows, the percentage of cows that display standing to be mounted by other cows has decreased, leaving it more difficult to detect oestrus in cattle.
Successful reproductive performance based on detection of oestrous behaviour requires the need to accurately detect oestrous onset in the majority of cows, and then inseminate 4 to 16 h later. This led to the common practice of breeding cows according to the ampm rule which requires that cows are observed for oestrus five-times per day, those commencing oestrus in the morning get inseminated that evening and those commencing oestrus after 12.00 noon are inseminated the next morning (onset of oestrus defined as the first observation period where the cow is observed to stand to be mounted by other herd mates or a teaser bull). 
Pregnancy detection 
Direct methods of pregnancy detection 
Various methods are available to determine pregnancy status, these include return to oestrus, rectal palpation of the reproductive tract and ultrasound scanning to observe the reproductive tract (Fricke et al., 2016). In practice return to oestrus is fraught by the difficulties associated with oestrous observation, so currently most pregnancy detection in cows is carried out by ultrasound scanning of the reproductive tract to detect the presence or absence of the early embryo and foetal fluid. 
Using this method pregnancy status is generally determined from day 28 onward of pregnancy. This method while routinely used, is too late to allow rebreeding at the optimal time (i.e., 18 to 24 days post initial AI) for non-pregnant cows as the normal oestrous cycle is 18 to 24 days as suggested by Abdullah et al., (2014). 
Indirect methods for pregnancy detection in dairy cows
 Indirect methods for early pregnancy diagnosis use qualitative or quantitative measures of hormones or conceptus-specific substances in maternal body fluids as indirect indicators of the presence of a viable pregnancy as suggested by (Commun et al., 2016). Commercially available indirect methods for pregnancy diagnosis in dairy cows include milk progesterone tests and tests for pregnancy-associated glycoproteins (PAGs) in blood or milk as opined by Romano and Larson (2010). 
Progesterone assays are more useful as a non-pregnancy test on day 21. However, it is inaccurate as a test for pregnancy as reversion to low P4 in non-pregnant cows is highly variable due to early embryonic losses.
Use of nano technology in livestock reproductive management

The most important and promising application of nanotechnologies in the livestock productionsector is in the field of nano-drug delivery systems as suggested by Barkalina et al., (2014). Many drugs, biological molecules,and nutrients can acquire novel physicochemical properties by using nanotechnology,such as improved bioavailability, higher mobility and cellular uptake, controlled sustainedrelease of the drug at the target site, lower toxicity compared with other compounds,improved enzymatic actions, and increased muco-adhesive properties (Fricke et al., 2016). 
Nanotechnologies for Post-Collection Semen Handling

Semen Preservation

One of the most applied art in male reproduction is semen preservation, either by cryopreservation (Akhtar et al., 2022 and Hashem and Gonzalez Bulnes, 2020 and). However, the efficiency of both techniques is still challenged, because of theirnegative impact on sperm quality. Both techniques are known to increase reactive oxygen species (ROS) and therefore to evoke oxidative stress in spermatozoa, impairing integrity of spermatozoonmembranes, mitochondrial membranes and nuclear DNA content, and thus leading to a significantreduction in its aptitude to fertilize the oocyte.During cooling/freezing processes, spermatozoa are kept in synthetic extenders which are createdto provide nutrients and also to protect against cold/freezing shock and microbial attack. Thus, therehave been intensive attempts to ameliorate negative effects of cooling/freezing preservation techniqueson spermatozoa structure and function, by manipulating the chemical composition of semen extenders.In this respect, nanotechnology has been employed to modify semen extender properties, improvingthe uptake of nutrients and/or supplemented active components.

Enrichment of the semen extender with antioxidant agents, such as antioxidant minerals, has beenreported to improve semen quality properties of cooling or post-thawing sperm cells, particularly if they are in nano forms. It is currently known that the supplementation of semen extenders withcerium oxide nanoparticles (CeO2 NPs, an oxygen storing molecule) during semen storage at 4 degree Celciusfor 96 h improves sperm motility characteristics after 48 h, and even up to 96 h of incubation, andprotects the integrity of plasma membranes and DNA of spermatozoa. Nanoparticles (NPs) of selenium (Se NPs) have also been used in several studies as a ROS scavenger to protect against oxidativedamage in sperm cells. The in- vivo fertility rate by reducing apoptosis, lipid peroxidation and sperm damageoccurring by cryopreservation. Similarly, the supplementation of bull semen extender with zinc nano-complex (Zn NPs) during cryopreservation has been found to decrease lipid peroxidation and improve the mitochondrial activity and functionality of sperm plasma membrane in a dose-dependent manner without any deleterious effect on motility parameters Akhtar et al. (2022). The semen cooling/freezing process may also harmfully affect the spermatozoa cytoplasmicmembrane by re-localization of phospholipids into a different arrangement. In this respect, phospholipids-based Nano-particles have been found to improve spermatozoa membrane stability bycompensating the free fatty-acids and phospholipids removed from spermatozoa membrane during cryopreservation as suggested by Akhtar et al. (2022). 
Nanotechnologies for Management of Estrus Cycle 

In conventional drug delivery systems, the bioavailability of the drug relies on several factors, such asthe permeability throughout the epithelial and endothelial cells, the solubility, the passage throughblood barriers, the clearance rate by liver and kidney and the resistance against systemic and circulating degradation enzymes. Thus, smart nanostructured delivery systems, particularly those dependingon the polymerization of bioactive molecules using biodegradable and biocompatible polymers, areengineered with different physicochemical properties acting via different mechanisms, to efficiently (Remiao et al., 2018).
Nanotechnology Approaches for Developing Hormonal Based-Treatments
Nano-delivery of hormones has emerged as a new pharmacological approach. Several engineered nanoparticles have been proposed as novel platforms for the protection and controlled release of reproductive hormones, including gonadotropin and steroid hormones (Hashem and Gonzalez-Bulnes, 2020 and Hashem and Gonzalez-Bulnes, 2021). There are, to date, several studies reporting the use of nano-hormone delivery systems in the field of livestock reproductive management. These studies showed an enhancement of the pharmacokinetics and pharmacodynamics of the hormonal treatments, specifically, those of low molecular weight and short lifespan, such as GnRH (Uddin et al., 2023). 
Nanotechnology Approaches for Developing Hormonal Based-Treatments
Nano-delivery of hormones has emerged as a new pharmacological approach. Several engineered nanoparticles have been proposed as novel platforms for the protection and controlled release of reproductive hormones, including gonadotropin and steroid hormones. There are, to date, several studies reporting the use of nano-hormone delivery systems in the field of livestock reproductive management (Singh et al., 2023 and  Yadav et al., 2021)
Nano-Hormone Delivery Systems and Cycle Management

Procedures for implementing accelerated reproductive management in farm animals are based on the administration of exogenous reproductive hormones (mainly gonadotrophins, steroids and prostaglandins) for controlling thereproductive cycle, improving reproductive efficiency and treating some reproductive disorders.

However, the effectiveness of hormonal treatments for controlling farm animals’ reproduction is limitedby several factors:
 1. The biological activity of the hormone (which depends on its bioavailability, kinetics and dose) 
2. The animal response to the hormonal treatment after repeated treatments (somehormones evoke the formation of antibodies); 
3.  The cost of the applied protocol; 
4.  Animal health and welfare; 
5. Environmental-related issues (release of xenobiotics and also waste to the environment in thecase of undegradable hormone carriers); and 
6. Consumers’ health (raising concern about residual effectin tissues and thus the possibility of consumption of animal products with hormonal residues).

Nano-Drug Delivery Systems and Management of Pregnancy

Pregnancy and delivery are pivotal facts for the reproductive management and productivity offarm animals. One of the main complications of pregnancy in most farm animals, as in other manyspecies including humans, is the occurrence of intrauterine growth restriction (IUGR). IUGR isthe failure of a fetus to reach its full genetic growth potential and its appearance may be relatedto genetic traits, infections or, more frequently, to an intrauterine environment inadequate for the development of the fetus. 
The main factor affecting the intrauterine environment is the availability ofnutrients and oxygen required by the fetus for its development, so maternal undernutrition, heat stressand/or hypoxia are the main causes of IUGR. The placenta is the organ driving the transfer of nutrientsand oxygen from the mother and the fetus, so alterations in placental development (by the crowdingof uterine space in case of twins in ruminants or hyperprolificacy in pigs and rabbits) and placentalefficiency (by inadequate function) are also main causes for IUGR.

The main therapies for IUGR, in the case of farm animals, are based on maternal nutritionalsupplementation with amino acids favoring placental and fetal neoangiogenesis and tissue development, with vitamins favoring protein synthesis and antioxidant capacity and with other antioxidant agentslike polyphenols. 
These strategies would enable one not only todirect the drug to the fetus, but also to increase the effectiveness and specificity of the carried compound and to decrease collateral effects. Prospective studies for possible treatments with nanoparticleshave been based mainly on the administration of growth factors and nitric oxide donors.  On the other hand, pregnancy complications may not directly affect the fetus but indirectly, through negative effects on the maternal side, the uterus and maternal placenta. In this case,the objective would be to treat the mother without affecting the fetus. A classic example is preterm labor, which needs to be treated with to colytic drugs like indomethacin which freely crosses the placenta and seriously affects the fetus. 

Conclusion:

Nanotechnology is in constant development, and its applications are ever more varied and specific, with a high potential for improving livestock production, and animals in general. The study of nanotechnology in these areas is still very limited; regardless, it is feasible to apply it, probably with encouraging results that will allow to carry out processes more quickly and efficiently and, perhaps, at a lower risk to consumers. However, a great amount of research is still required to support the effectiveness, and mainly the safety of nanotechnology, avoiding any harm to the environment or to human beings proper.
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