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Abstract Anti-inflammatory, antiviral, and anti-cancer treatments are potential applications of nanomaterials in biology. To
explore the latest discoveries in nanotechnology, we reviewed the published literature, focusing on co-assembled nanoparticles for
anti-inflammatory and anti-tumor properties, and their applications in animal husbandry. The results show that nanoparticles have
significant anti-inflammation and anti-tumor effects, demonstrating broad application prospects in animal breeding. Furthermore,
pooled evidence suggests that the mechanism is to have a positive impact on inflammation and tumors through the specific drug
loading by indirectly or directly targeting the disease sites. Because the precise regulatory mechanism remains unclear, most
studies have focused on regulating particular sites or even specific genes in the nucleus by targeting functional co-assembled
nanoparticles. Hence, despite the intriguing scenarios for nanotechnology.in farmed animals, most results cannot yet be translated
into field applications.
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1. INTRODUCTION

Nanobiomaterials are a fascinating frontier in the realm of biotechnology, merging the vast potentials of nanotechnology and
biomaterials to create novel solutions for various industries. In the field of animal husbandry, the application of nanobiomaterials
is rapidly gaining attention due to their ability to enhance animal health, improve productivity, and contribute to sustainable
practices in livestock management. These materials, typically composed of nanoparticles derived from biological sources, offer
unique advantages such as improved bioavailability, targeted delivery, and minimal toxicity.

In animal husbandry, nanobiomaterials are being explored for a wide range of applications, including drug delivery systems,
diagnostic tools, feed additives, and disease prevention strategies. Their potential to address challenges such as antibiotic
resistance, disease outbreaks, and inefficient resource utilization makes them indispensable in modern farming practices.
Additionally, nanobiomaterials can play a crucial role in improving the quality of meat, milk, and eggs, while simultaneously
enhancing the overall welfare of livestock.

This introduction provides a glimpse into how nanobiomaterials are revolutionizing animal husbandry, offering innovative
solutions that promise to shape the future of agriculture and livestock management. With ongoing research and development,
nanobiomaterials are poised to become an essential component in ensuring the sustainability, productivity, and health of the
global animal husbandry sector.

2. Understanding Nanobiomaterials

Nanobiomaterials are defined as materials engineered at the nanoscale (typically between 1 and 100 nm) that are designed for
biological applications. These materials can be made from metals, ceramics, polymers, or natural materials such as lipids,
proteins, and polysaccharides. Due to their unique physical and chemical properties, including a large surface area to volume
ratio, high reactivity, and the ability to penetrate biological membranes, nanobiomaterials have shown remarkable potential in
a variety of agricultural and veterinary applications.

There are several types of nanobiomaterials used in animal husbandry, including:

Nanoparticles: Small particles with dimensions in the range of 1-100 nm, often used for drug delivery and diagnostic
purposes.
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Nanofibers: Thin fibers with a diameter in the nanometer range, often used for scaffolding in tissue engineering and wound
healing.

Nanocomposites: Materials made by combining nanoparticles with other materials to enhance mechanical, electrical, or
biological properties.

Nanostructured films and coatings: Used for controlled release of bioactive compounds or protection against infections.
3. Applications of Nanobiomaterials in Animal Husbandry
3.1 Improved Drug Delivery Systems

One of the most significant applications of nanobiomaterials in animal husbandry is in the development of advanced drug
delivery systems. Nanoparticles can be engineered to carry drugs, vaccines, or other therapeutic agents directly to the targeted
tissues or organs in livestock. This increases the bioavailability and efficacy of the treatment while minimizing side effects.

Controlled Release: Nanomaterials allow for controlled release of therapeutic agents, which can reduce the frequency of
administration and improve treatment outcomes.

Targeted Delivery: Nanoparticles can be designed to target specific tissues or cells, such as those infected with a pathogen,
thus reducing the risk of affecting healthy cells.

For example, nanoparticles loaded with antibiotics or antifungal agents can be administered to animals to treat infections,
with reduced dosages and fewer adverse reactions compared to conventional treatments.

3.2 Nanobiomaterials for Animal Nutrition

Nanotechnology is also making a significant impact in animal nutrition. Nanobiomaterials can be used to enhance the
digestibility and bioavailability of nutrients in animal feed, improving growth rates, productivity, and overall animal health.

Encapsulation of Nutrients: Nutrients such as vitamins, minerals, and probiotics can be encapsulated in nanoparticles,
protecting them from degradation during digestion and ensuring they are absorbed efficiently in the intestines.

Improved Feed Quality: Nanomaterials can improve the texture and stability of animal feed, enhancing its quality and shelf
life.

Research has demonstrated that incorporating nanomaterials such as nanoliposomes or nanocapsules into animal feed can
enhance the absorption of essential nutrients like vitamins and fatty acids, which are crucial for the growth and productivity
of livestock.

3.3 Disease Detection and Diagnosis

Nanobiomaterials are also being utilized for early disease detection and diagnostics in livestock. Nanosensors and diagnostic
tools based on nanomaterials can detect biomarkers associated with specific diseases in animals, allowing for earlier
intervention and more effective management of animal health.

Biosensors: Nanomaterial-based biosensors can detect pathogens, such as bacteria, viruses, and parasites, at early stages of
infection, enabling rapid treatment.

Diagnostic Imaging: Nanoparticles can be used as contrast agents in imaging techniques such as ultrasound, MRI, and X-
rays, providing better visualization of internal organs and tissues.

These technologies allow for faster, more accurate diagnosis of diseases, which is essential in maintaining healthy livestock
and preventing outbreaks that could lead to economic losses.

3.4 Wound Healing and Tissue Regeneration

Nanobiomaterials also show great promise in promoting wound healing and tissue regeneration in livestock. The small size
and surface properties of nanomaterials enable them to penetrate tissues more effectively and promote cell growth and repair.

Nanofiber Scaffolds: Nanofibers can be used as scaffolds for tissue engineering, providing structural support for cell growth
and promoting the healing of wounds and injuries in livestock.
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Nanomaterials in Regenerative Medicine: Nanomaterials can deliver growth factors and other bioactive compounds that
promote tissue regeneration and repair, helping animals recover from injuries more quickly.

For example, nanocomposites incorporating silver nanoparticles have been used in wound dressings for their antibacterial
properties, preventing infections and accelerating healing in animals.

3.5 Antimicrobial Properties

The antimicrobial properties of certain nanomaterials, such as silver and copper nanoparticles, have led to their use in
preventing infections and promoting health in livestock. These nanoparticles can be incorporated into feed, bedding, or even
directly applied to the skin of animals to control bacterial growth and prevent disease outbreaks.

Preventing Pathogen Growth: Nanoparticles such as silver, copper, and zinc have strong antimicrobial activity, which helps
to control pathogens in animal husbandry systems, reducing the reliance on antibiotics.

Environmental Applications: Nanomaterials can be used in livestock housing and water systems to control microbial
contamination, reducing the risk of disease transmission.

4. Benefits of Nanobiomaterials in Animal Husbandry
The use of nanobiomaterials in animal husbandry offers a wide range of benefits, including:

Enhanced Efficiency: Nanomaterials improve the efficiency of nutrient absorption, drug delivery, and disease prevention,
leading to healthier, more productive animals.

Sustainability: By improving animal health and reducing the need for traditional chemical treatments (e.g., antibiotics),
nanobiomaterials contribute to more sustainable farming practices.

Precision and Customization: Nanotechnology enables more precise and customized treatments for individual animals,
which can improve overall herd management.

5. Challenges and Concerns

Despite the promising applications of nanobiomaterials, there are several challenges and concerns associated with their use in
animal husbandry:

Safety and Toxicity: The long-term effects of nanobiomaterials on animal health and the environment are not yet fully
understood. There are concerns about the potential toxicity of nanoparticles, especially with repeated exposure.

Regulatory Issues: The regulation of nanobiomaterials in agriculture and animal husbandry is still in its early stages.
Establishing safety guidelines and regulatory frameworks is critical to ensuring their safe use.

Cost and Accessibility: The production of nanobiomaterials can be expensive, and the cost-effectiveness of these
technologies in large-scale animal husbandry operations remains a concern.

6. Conclusion

Nanobiomaterials represent a cutting-edge area of research and development with tremendous potential to revolutionize
animal husbandry. From improving drug delivery and nutrition to enabling early disease detection and promoting wound
healing, the applications of nanobiomaterials are diverse and impactful. However, further research is needed to address the
safety, regulatory, and economic challenges associated with these materials. As our understanding of nanotechnology
continues to grow, it is likely that nanobiomaterials will become a standard tool in modern animal husbandry, contributing to
healthier animals, more efficient farming practices, and enhanced sustainability in the agricultural sector.
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