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Abstract
Nanoparticles are small and have a large surface-to-volume ratio, which gives them phenomenal, unique features. It is an emerging, multidisciplinary field that frequently employs new techniques and tools from diverse disciplines, including biology, engineering, chemistry, and medicine. Nanotechnology entities help to improve the solubility, absorbability, bioavailability, and half-life of conventional natural products. Nano-applications are used in poultry and animal production systems using available tools and techniques without affecting animal health and welfare. Nanotechnology is a smart technology in the field of biomedical engineering used for the diagnosis and treatment of different poultry diseases. This technology provides better solutions for various applications and poultry production that can help in reducing costs and improving the final product quality. Even though nanotechnology is one of the main novelties which have already been applied in poultry and other different areas, it is still in the initial stages of its development and it hampers the environment, animal, and people’s health. Therefore, wide hazard assessments should be conducted to ensure the safety of the nanoproducts before making them immediate implementation for poultry/animal/ or human use.
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Introduction

A nimal productions in general and poultry production in par ticular play an important socio-economic role for sustainable development. By 2020, the poultry sector is expected to provide 40% of the world’s total animal protein where the major demand being in the developing world. However, most communities lack the required husbandry skills, training, and opportunity to effec tively improve their household chicken production. For the operation to be profitable, a good disease prevention program and product improvement are essential for the newly introduced chicks to avoid any future losses.1 For this, recent advancements in the field of biotechnology, molecular biology, genetics, and immunology revolutionized biomedical research and therapy in medical and veterinary fields. Sustained efforts have led to the development of many novel therapies and treatment modalities. 2,3 Biotechnology is applied in various fields ranging from medicine to agriculture. Besides, the utilization of the technology needs the application of knowledge and techniques of biology to operate molecular, genetic, and cel lular processes that help to manufacture different products and services. The welfare of animals, animal safety derived products, risks to the environment, human health, and industry consolidation are amongst the main concerns that are likely to extend from biotechnology to nanotechnology.4,5 Nanotechnology is a new scientific approach that study about the control of matter on an atomic and molecular scale, generally structures in the nanometer. This involves developing materials or devices on the nanometer scale and this helps to use materials and equipment at molecular levels that are capable of showing both physical and chemical properties of a substance. This unique feature of nanotechnology has the potential to transform the agricultural and food industry for the control and prevention of diseases, rapid detection of disease, improving the ability of plants to absorb nutrients, and so on.6-8 ABSTRACT Nanoparticles are small and have a large surface-to-volume ratio, which gives them phenomenal, unique features. It is an emerg ing, multidisciplinary field that frequently employs new techniques and tools from diverse disciplines, including biology, engineering, chemistry, and medicine. Nanotechnology entities help to improve the solubility, absorbability, bioavailability, and half-life of conventional natural products. Nano-applications are used in poultry and animal production systems using available tools and techniques without affecting animal health and welfare. Nanotechnology is a smart technology in the field of biomedical engineering used for the diagnosis and treatment of different poultry diseases. This technology provides better solutions for various applications and poultry production that can help in reducing costs and improving the final product quality. Even though nanotechnology is one of the main novelties which have already been applied in poultry and other different areas, it is still in the initial stages of its development and it hampers the environment, animal, and people’s health. Therefore, wide hazard assessments should be conducted to ensure the safety of the nanoproducts before making them immediate implementation for poultry/animal/ or human use.
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Nanosensors, nanomaterials, microfluidics, and bioana lytical are nanotechnology devices that are used to improve vari ous conditions related to animal health, production, reproduction, treatment, and prevention of diseases. It can be concluded that nanotechnology research will reform the livestock sector by improving production systems.9,10 Micro-minerals participate in several biochemical pro cesses and are parts of many enzymes that are necessary for nor mal biochemical reactions. Recently trace minerals in the form of nanoparticles are effectively used to fulfill the requirement of minerals in the poultry diets. Since they are extremely small size and unique physical properties, the nanoparticles are likely to be different when compared to their conventional forms. As a feed additive, these are expected to have the advantage of better bioavailability, small dose rate, and stable interaction with other components.8,9,11,12 Feeding certain antibiotics at low-levels in poultry for an extended period is a common practice in the poultry industry to improve feed efficiency, improving growth performance, preventing some specific pathogenic microorganisms, and increasing some useful microorganisms in intestinal microflora over the years. 13,14 But recently, infeed, antibiotics have been banned due to the potential development of antibiotic-resistant bacteria and their residues in poultry meat. After, that the researcher had attempted to find an alternative to have positive characteristics without negative effects. As a result, nutritionists are exploring alternatives such as medicinal plants, probiotics, prebiotics, and organic acids. In recent years, additives from nanotechnology in poultry nutrition are potentially enhancing the poultry production.15 Thus, the use of nanoparticles has been considered an alternate and effective approach that is eco-friendly and cost-ef fective for the control of pathogenic microbes and production improvement in poultry.16-19 NANOTECHNOLOGY Nanotechnology (NT) is a new discipline of science that has led to novel and innovative approaches in many areas of medicine. Nanotechnology is the ability to quantify, manipulate, and form material at the level of nanoscale. The scale classically refers to the matter in the size range of 1-100 nm, but it is often extended to include materials below 1μm in size. Key global challenges associated with animal production include environmental sustainability, human health, disease control, and food security.20 Nanoparticles retain unique properties. Consequently, these characteristic features of nanoparticles significantly improve the physical and chemical properties of materials.7,14,21 Nanotechnology has a tremendous potential to revolutionize the agriculture and livestock sector since it contributes a lot in the field of veterinary medicine and other areas of animal production. Nanotechnology also offers novel technologies in various fields such as veterinary physiology, animal reproduction, animal genetics, biotechnology, molecular and cellular biology. This allows researchers to handle biological constituents such as DNA, proteins, or cells in minute quantities usually nano-liters or picoliters.22 T ypes of Nanomaterials Organic nanomaterials: Proteins, fat, and sugar molecules are or ganic nanomaterials. Organic nanoparticles are feeds derived from different feed sources such as nutraceuticals that provide health benefits. The nanoparticles incorporated into feeds include those engineered to provide encapsulation systems. For instance; micelles, liposomes, for delivery of feed ingredients and those tailored for use in feed packagings such as biosensors, identification markers, shelf-life extenders, and antimicrobials.23 Organic nanoparticles occasionally referred to as nano capsules while used as vehicles for delivery of essential nutrients or pharmaceuticals and are likely to be used to enhance the nutrient value of feed-through improvement or alteration of feed functionality. These nanoparticles have been designed to deliver vitamins or other nutrients in feed without affecting the taste or appearance. Such nanoparticles encapsulate the nutrients and carry them via the gastrointestinal tract (GIT) into the bloodstream to increase their bioavailability.24 Inorganic nanomaterials : Inorganic nanomaterials are used for types of applications, for instance, nanoclay platelets are used for feed packaging in feed and feed additives; minerals such as silicon dioxide, calcium and magnesium; and silver nanoparticles for water purification or antimicrobial packaging or feed storage, zinc as a feed colorant. Titanium dioxide, a feed colorant used as a ultraviolet (UV) protection barrier in the feed packaging industry is an approved inorganic nanoparticle because it becomes transparent and also loses its ability to act as a feed colorant in its nanoform.13,22,25 The nanoparticles of silver are used as an antimicrobial agent. Nano-silver is used in fridge panels, storage boxes, packaging lines, and other surfaces that come into contact with feed during manufacture. Feed storage bins are being produced with silver nanoparticles embedded in the plastic which kills bacteria from any feed that is stored in the bins and minimizes the health risks.15 Properties of Nanoparticles In practice, the physical, chemical, and biological properties of a substance are determined by the association of physicochemical phenomena that act on the matter. Those are such as gravitational force, inertia, friction, Brownian motion, electrostatic interactions, and electrical repulsion. One conventional substance in the metric scale suffers the action of all these phenomena at different levels. However, once a substance has its size reduced; the action of these forces changes.26 In addition, its surface area is drastically increased. Atoms become more stable at 100 nm especially, in relation to their metric form. Hence, only a smaller amount of energy is required to separate into nanoparticles. Then, a size-reduced substance can acquire new physical and chemical characteristics, with greater re- Review | Volume 5 | Issue 2 | activity and solubility, according to the different environmental conditions. Nanoparticles and materials that contain nanoparticles remain protected from different types of bioactive agents and reactions such as oxidizing agents, enzymes, or chemical interaction with other molecules. This is due to the active ingredient of the nanoparticles has provided and increased their stability.5,26,27 Surface effects: The atoms of nanomaterials are less stable than those of larger structures since the energy required to join adjacent atoms is less. As a consequence of this, the fusion point of a given element changes. Nanoparticles diffuse more easily than solid particles and behave more like gas molecules in the air and being less subject to sedimentation than bigger particles. This may have implications also for the faster movement of nanoparticles in tissue.28 Quantum effects: Quantum points are a type of nanostructures, just a few nanometers in size that show a behavior similar to a single atom. The spatial arrangement of nanoparticles allows them to change their properties of elements. For instance, elements like magnetism, and metals like gold or platinum have such properties when they are in the form of nanoparticles.29 NANOTECHNOLOGY IN POULTRY PRODUCTION Potential Effect of Nanotechnology Nanotechnology is considered as a potential technology to revolutionize veterinary medicine, animal health, and other areas of animal production. In the field of veterinary medicine and poultry production, there is a growing interest in the application of nanotechnology and various compounds are used as a supplemental source of trace minerals (Na2O, MgO, Al2O3, SiO2, K2O, CaO, TiO2, and Fe2O3) in diets. It is quite competent in new products and new processes developed to enhance the performance of the products, extend the product shelf-life and freshness as well as in getting better the safety and quality of food.30 Nanoform of supplementation increases the surface area which possibly could increase absorption and thereby utilization of minerals leading to a reduction in the number of supplements and ultimately reduction in feed cost. The growing concerns with regard to the potential contribution of phosphorus in poultry excreta on eutrophication of surface waters have led to increasing pressure to limit the amount of excess phosphorus in poultry ration and thus reduce the fecal output of phosphorus. Mineral nanoparticles will help to reduce the excretion of unutilized minerals minimizing the environmental pollution especially in large scale poultry farming.14 A research finding showed that an in ovo-injection of nano-silver nanoparticle during incubation has shown improvement of bone mineral concentration and cell-mediated immunity at the age day 14 and 21, respectively. Besides, the immune response es pecially the humoral immunity was higher in nano-silver treated eggs than the control one. In general, injection of nano-silver, thyme, and savory extracts into eggs during embryonic development has a great potentialto improve immune activities of broiler chickens without affecting the embryo and its hatchability.3,31 Nano-silver increases levels of blood alkaline phospha tase which is associated with bone formation in chicken.3,31 Copper is a vital mineral for vesicle matrix in the bone cell, preventing its premature crystallization and also implements an important role in the cross-linked network of collagen and elastin, which causes bone tensile strength and elasticity. Hence, the statistical analysis showed that the nano-silver treated groups have greater levels of ash, calcium, and copper in their bone as compared to the control group and this could be justified by the greater activity of alkaline phosphatase.32 Nanotechnology can make poultry and meat products cost-effective with the natural properties and the differentiation in qualities of products can easily be made by nanotechnology-based cooling rates and also allow rapid and homogeneous techniques. The future application of nanotechnology depends on the collaborative production of poultry meat that ha better color, flavor, or nutrients. Many of the molecular structures that determine these characteristics are in the nanometer range and information on the source can play an important role in the poultry meat design, the purpose is to master over the characteristic of meat and its components in an intelligent manner by manipulating atoms individu ally and place them exactly where they are needed to produce the desired flavor and texture.11 Thus, nanotechnology can be applied in the production of nanoparticles which can be used in improving digestion and absorption as novel food additives. Applications of nanotechnology are ever more varied and specific, with a high potential for improving poultry production. Nanoparticle incorporation in animal nutrition studies greatly enhances the efficiency of growth and production of poultry. However, a great amount of research is still required to support the effectiveness, and mainly the safety of nanotechnology, avoiding any harm to the birds.33 Application of Nanotechnology in Poultry Production Applications of nanomaterials are currently used for meat and food generally; including the use of NPs and nanomaterials as food ingredients/additives which are placed directly into food, or as a part of food packaging. The dissolving ability of fat-soluble additives in food products, improvement of taste, and reduction of the use of fat, salt, sugar, and preservatives can be achieved through the microencapsulating process. Reducing the salt level is especially important and presents a great challenge for the meat industry because, despite advantages, the use of salt has shortcomings since it is linked to hypertension and consequently increased the risk of cardiovascular disease.34 Currently, nanoparticles have a diverse application in medicine to transport drugs, heat, light or other substances to specific types of cells (such as cancer cells). Researchers across the world are also developing nanoparticles to defeat viruses. Even though nanoparticle does not directly act on the virus, they deliver an enzyme that prevents the replication of virus molecules in the host’s circulatory system. There are efforts underway to develop oral administration of several different drugs using a variety of nanoparticles.22 45Review | Volume 5 | Issue 2 | Nanoparticles (NPs) show several novel characteristics of transport and uptake and exhibit higher absorption efficien cies.35 NPs can rout to the GIT in many ways such as ingestion directly from food and water and the administration of therapeutic nano-drugs (ingestion or swallow pathway) and their mechanism of actionis described below: 1. Increase the surface area available to interact with biological support, 2. Prolong compound residence time in GIT, 3. Decrease influence of intestinal clearance mechanisms, 4. Penetrate deeply into tissues through fine capillaries, 5. Cross epithelial lining fenestration (such as liver) 6. Enable effi cient uptake by cells, and efficient delivery of active compounds to target sites in the body.14 Minute micelles (nano-capsules) are used as carriers for essential oils, flavor, antioxidants, coenzyme and vitamins, miner als, and phytochemicals to improve their bioavailability. Encapsulating the nanoparticles of active ingredients (minerals and micronutrients) to protect them from oxidation and getting to the taste receptor site, thus to reduce their undesirable off-tastes in the finished application.36 In the food industry application of liposomal nanovesi cles for the encapsulation and delivery of nutrients and functional ingredients such as proteins, enzymes, flavors, and antimicrobial compounds were conducted. The size of minerals nanoparticles should be less than 100 nanometers to use it as feed additives and this allows the molecules to easily pass through the stomach wall and into body cells more quickly than ordinary minerals with larger particle size and effectively used to fulfill the requirement of minerals in the poultry feed in small dose so to increase their production performance (Figure 1).3,27,37 NANOTECHNOLOGY IN POULTRY HEALTH There are different important nanotechnology links to agriculture science and engineering as well as food systems. Among these, agricultural and food security systems, disease management delivery systems, new techniques for molecular and cellular biology, new materials for pathogen detection, and protection of the environ ment.39 Recently, increasing demand for healthy and safe food, high-risk of disease, and threats to agricultural production from changing weather patterns become the new constraint for the poultry production.13,40 Accordingly, disease control in animals is multifaceted, and the more traditional emergency products are required for preventive measures. In professional hospitals and homes, attention is being paid to veterinary needs. Antimicrobial products of plant origin are valuable, versatile, and safe and have a crucial and spe cific role in controlling bacterial diseases in animals.6,8,41 There are various smart components in nanostructures that allow us to provide capacity over certain biological barriers, such as skin, eye, brain, placenta, mucus, blood, extracellular matrix, cellular and subcellular organelles. Smart delivery systems can have multifunctional characteristics to successful targeting and they may also be time-controlled; spatially targeted; self-regulated; remotely regulated and pre-programmed.42 Silver (Ag), Copper (Cu), Iron (Fe), and Manganese dioxide (MnO2) are metal nanocomposite were added to poultry feeds to increase the quantity and quality of productivity of laying hens. Hence, this predominates the effect of salts of the metals, which is characterized by increased levels of egg-laying during the experiment in poultry. Introduction of metals as additives in macro and nanoscale form causes changes in the pH-level of egg white and yolk but within the norms regulated by the requirements hen’s eggs for human consumption.43-45 Functionalized NPs-conjugated to monoclonal antibodies have been used to rapidly and specifically detect the respiratory syncytial virus in vitro and in vivo. Hence, this fills the gap between the recent detection assay of a wide variety of virus types and the necessity for more rapid and sensitive detection of viral agents so that it can offer direct, rapid, and sensitive detection of viruses.46,47 Likewise, protein cage nanoparticles (PCN) free of any specific viral antigens were administered to mice and all mice were protected against both sub-lethal and lethal doses of two type of influenza viruses, that is a mouse-adapted coronavirus and mouse pneumovirus. All PCN treated showed rapid production of viral-specific antibody and removal of the virus and this in turn, increases the virus survival rate and significant decreases in morbidity and lung damage.7,48 Cell-mediated immunity, in terms of mean skin thickness sensitive to phytohemagglutinin, was significantly enhanced in chicks given the nano-silver treatment compared with the control and hence their immunity was improved by nano-silver diets. This cell-mediated immunity does not relate to body antibodies; rather it is an immune response that emerged from the action of phagocytes, natural killer cells, antigen-specific cytotoxic T-lymphocytes, and various cytokines against antigen activation.49 In nano-silver treated chicken, the lower weights of thyme and savory treatments can be associated with the antimicrobial properties of these ingredients that modify the microbial 46 Review | Volume 5 | Issue 2 |

Figure 1. Application of Nanotechnology in Animal Nutrition Adapted from: Yadav D et al38 inhabitants in poultry caecum. Consequently, lymphoid organs as lymphoid organs were decreased with increasing nano-silver, thyme, and savory levels in diets. It is established that microorgan-

isms in the gastrointestinal tract have a key role in the growth and development of lymphoid organs. In addition to the antimicrobial characteristic, nano-silver also can act as an agent that makes oxygen available and reduce strictly anaerobic microorganisms and consequently lymphoid organ growth.28 The action of silver might be due to the intake of silver ions by bacterial cells and the production of reactive oxygen molecules that finally inhibit the bacterial respiration.50-52 In addition, NPs in poultry had given to remove the Campylobacter (harmful for human consumption not for birds). When the nanoparticles added feed is ingested by the birds these nanoparticles attach to Campylobacter, ensures its excretion. Nanoparticles would be specifically designed to attach to molecules that exist on the surface of Campylobacter and removed from chicken before they reach humans. Such nanoparticles are called biofunctionalized nanoparticles which have been developed as an alternative to mannose through which Campylobacter jejuni attaches to the epithelial cells.53 STATUS AND FUTURE PROSPECTS OF NANOTECHNOLOGY In the upcoming years, nanotechnology research will reform the science and technology of animal health and will help to boost up the livestock production. Proponents of nanotechnology consider this technology as one of the most powerful tools in modern society; it has made a revolutionary impact on every aspect of human life. Looking at the speed of advancement of nanomedicine, particularly the utilization of various nanoparticles in the prevention, diagnosis, and treatment of a complex disease like cancer, one can predict that this cutting-edge technology will be on our doorstep soon.54 In the future, it can be conceived that bacterial infections can be eliminated in the patient within a few minutes, instead of using treatment with antibiotics for weeks. With the advancement in technology, we can expect to generate the capability to perform surgery at a cellular level, thereby removing individual diseased cells and even repairing defective portions of the individual cells. Several nanotechnology-based products are already in the market and many are under development or in experimental stages.3,6 Apart from the nanochemo prevention side of nanotechnology, studies have shown that a nanotechnology is a plausible approach for diagnosis, imaging, and therapeutics. Considerable research is now being devoted to nanoparticles-based drug de livery. Several nanotechnology-based constructs are currently in clinical or preclinical development and several of these are already approved by the food and drug authority. Advancements in the utilization of nanotechnology might help us to achieve the higher concentrations of the natural products necessary for efficacy against various diseases. It is assumed that a cure for cancer will be available and it is also anticipated that nanotechnology will be a $1 USD trillion industry, with most of the impact-focused on healthcare and cancer therapy.55 While research and development in nanotechnology are quite limited in most developing countries, there will be increasing opportunities to import nanoproducts and processes. Besides, selfreplicating nano-machinery, fabrics that can react to the environ ment, and sensors that can detect pollutants and airborne toxins are other potential future applications. Moreover, nano-sensory surveillance devices will be used to track the movement of people and vehicles. Furthermore, nanotechnology will play a leading role in global veterinary practice.7,42

Challenges And Limitations Of Nanotechnology

Nanotechnology provides a new insight to discover better diagnosis, prevention, and treatment of different diseases in poultry, unlike the previous conventional technologies. Although the benefits associated with the use of nanoparticulate systems in order to optimize the productive performance and treat diseases, it is largely accepted that some nanoparticles (like metal nanoparticles) can elicit toxic and deleterious side effects towards living organisms. As with all new technologies new risks might appear that we have not thought about yet, underlining the need for continuous and dynamic risk reviews.56 The effects of exposure to engineered nanoparticles may be different from the effects caused by naturally occurring nanoparticles. Engineered nanoparticles may be better to evade the body’s defenses because of their size or protective coatings. Moreover, the health and environmental risks raised due to the exposure to engineered nanoparticles need further study.21,57 The risks and safeties are related to free nanoparticles will concern only a fraction of the applications of nanotechnologies. In most applications, nanoparticles will be embedded in the final product and therefore not come into direct contact with workers, animals, consumers, or the environment. There are different challenges related to nanotechnologies such as environmental risks due to release of nanoparticles into the environment, human (workers and consumers) may also suffer from safety risks and futuristic risks like human enhancement and self-replications of nanoma chines, business risks involved with the marketing of nanotechnology-enabled products and risks related to the protection of intel lectual property are identified.20,58

Conclusion

Nanotechnology holds a major promise for poultry, veterinary medicine, and other areas of animal production. The nanotechnologies are designed and used for various purposes through characterization, production, and application of structures, devices, and systems by controlling shape and size on a nanometer scale. NTs can enhance food properties, easily transport nutrients and flavors into the body, extended its shelf-life, improved production processes, and health status of poultry. Although there are benefits 47Review | Volume 5 | Issue 2 | related to the use of nanoparticle for improving the productive performance and treat diseases in poultry, it is largely accepted that some nanoparticles can provoke toxic and harmful side effects towards living organisms upon immediate implementation. Besides the potential of nanotechnology in poultry production cannot be fully appreciated yet and there are limited number of studies car rying out on the use of nanoparticles for poultry production and health. Therefore, further study should be conducted on nanotechnology to a detailed evaluation of its productive performance and health status in poultry. Besides, safety and its risk should be assessed before the direct implementation of nanoparticles.
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