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Nanotechnology can be defined as the design, synthesis and application of materials 

and devices whose size and shape have been engineered at the nanoscale. The word ‘nano’ is 

derived from the Latin language, which means ‘dwarf’. The nanomaterial was first observed 

by Richard Adolf Asigmondy in 1914, who studied on gold sols and other nonomaterials with 

sizes down to 10 nm. Later, the nanotechnology foundation was laid formally way back in the 

year 1959 by the renowned physicist, Richard Feynman and the term ‘Nano-technology’ was 

coined by Norio Taniguchi, a professor at Tokyo University of Science in 1974. In the year 

1986, K. Eric Drexler first used the term ‘Nanotechnology’ in his book ‘Engines of Creation’. 

Several definitions have been proposed by different groups. The current agreement among the 

groups is that the scales from 1–100 nm define the size range for nanoparticles but it is often 

extended to include materials below 1 µm in size. 
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Nanotechnology has evolved rapidly in nearly every aspect of modern biology, 

medicine, etc. The application of nanotechnology in veterinary sciences has shown great 

promise in both health and optimization of productivity in animals. Currently, this technology 

is used for the treatment, disease diagnosis, drug delivery, preparation of nano-vaccines and 

nano-adjuvants, regenerative medicine/ tissue engineering, cancer therapy, reproduction such 

as cryopreservation of gametes & embryos, detection of reproductive status, sterilization, 

breeding, nutrition, including process meat products and food safety.  

 

Application of nanotechnology in animal health:  

Nanotechnology has the potential to solve many mysterious diseases of animals. The 

application of Nanotechnology is no longer merely a concept or theory, but it has become a 

new enabling technology over the years for rapid, efficient disease diagnosis and treatment.  

The broad application of this technology in the field of animal health is as follows- 

1. Disease diagnosis/ pathogen detection: Nanotechnology has offered revolutionary 

solutions to the most serious problems faced by the veterinarians for the diagnosis of 

diseases like tuberculosis, brucellosis, methicillin-resistant Staphylococcus aureus, 

foot-and-mouth disease, and even infections with intracellular or blood pathogens. This 

technology provides a rapid screening/diagnostic tool with a minute quantity of proteins 

and chemicals in the sample. The application of high-density nano-array chips/ biochips 

(nanoparticles combined with antibodies or nucleic acid) has made rapid, sensitive, 

specific and portable disease diagnostics, including an early diagnosis of cancers. This 

technology, especially nano-biochips has helped not only in pathogens diagnosis but 

also in understanding the genetic predisposing factors of many diseases. Additionally, 

various nanoparticles are used in diagnostics based on their specific binding potential 

with the targeted bacterial toxins and their receptors. Also, nanoparticles are applied as 
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an imaging agent for MRI, since they are brighter, stay longer in the body and allow 

repeated use of the imaging substance without hepatic/renal limitations during the 

daises. 

2. Therapeutic purpose: Nanotechnology is catering as an innovative therapeutic 

alternative to many diseases of animals including cancer, tissue engineering and 

regenerative medicine. Many drugs are effective in treating various diseases of animals 

but most of them also have certain limitations with regard to toxicity, poor aqueous 

solubility and cell impermeability. However, this technology could make it possible to 

engineer therapeutic agents by manipulating their physical/chemical properties for 

direct use as well as an extracellular matrix for stem cells differentiation, regeneration, 

remodeling and replacement of diseased tissues for use in regenerative medicine. These 

therapeutic agents are smaller in size and biocompatible, and they can easily cross 

different physiological barriers, or even through cell/ nuclear membranes to reach their 

target sites without inducing inflammatory or negative immune responses. Moreover, 

nanoparticles could be easily eliminated by the reticuloendothelial system of the host. 

Further, this technology also provides a slow release of the therapeutic agents for a 

prolonged period at the desired site. Thus, it enables the effective treatment of multi-

antibiotic resistant robust pathogens (like MRSA and XDR−/TDR−/MDR-TB), 

intracellular pathogens (like Brucella and Leishmania infections), and even chronic 

non-infectious diseases. 

3. Development of prophylaxis: The nanoparticles are increasingly used in the field of 

vaccine preparation. This technology provides a safer, more efficient immune response 

with a long storage ability compared to the conventional method. Antigen-loaded 

nanoparticles can migrate directly to the lymph nodes resulting in the improvement of 

the vaccine efficiency. In addition, many nanoparticles can be used to prepare an 

adjuvant to facilitate slowing down the release of the antigens and to increase the 

efficiency of the vaccine. Several nanoparticles are also used in the efficient delivery 
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of vaccines or drug molecules to the targeted site with minimum or negligible side 

effects. 

Application of Nanotechnology in Animal Production:  

1. Animal Reproduction: Nanotechnology paves the way for new solutions to 

overcome many reproductive challenges and infertility in animals. This technology can 

be applied for optimization of the general reproductive performance of animals in terms 

of detection of estrus, inducing ovulation, freezing of sperms & oocytes, embryo, and 

reproductive tissue as well as diagnosis and treatment of reproductive disorders such as 

retained placenta. The recent development of the novel delivery system for the 

pheromones is an alternative to the male effect regarding induced estrus behaviors and 

induced ovulation in farm animals. This technology is also used to increase the post-

thawed quality of cryopreserved sperm, oocytes and embryos. For example, 

microinjection of cryoprotectant propylene glycol containing the gold/metal 

nanoparticles enables the ultra-fast freezing, and later on fast and homogeneous 

thawing of the gametes. 

2. Animal breeding: Nanotechnology has offered advantages in the breeding 

management of animals. One solution is tracking oestrus and actuating breeding with 

the help of nanotubes implanted under the skin of animals. These nanotubes can bind 

and detect the estradiol antibody at the time of oestrus by near-infrared fluorescence. 

Thus, it helps in the detection of oestrus and actuates breeding in animals. 

3. Animal nutrition: Nanotechnology provides enormous advantages to the feed 

industry. This technology can be used efficiently for nanoencapsulation of feed 

ingredients to protect them from inactivation by light and oxidation or degradation by 

proteases and other digestive enzymes, and keep them stable at variable pH and 

temperature. Additionally, many nanomaterials are now available for commercial use 
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to improve the growth rate, immune system and reproductive status of animals and 

birds. For example, nano-ZnO improves the growth rate, immune function, and 

reproductive status of animals and birds. It also decreases the prevalence of piglet 

diarrhea and increases the milk yield by reducing the somatic cell count in cows 

suffering from subclinical mastitis. 

4. Meat and meat products: Nanotechnology is very useful for development of 

sophisticated meat, egg and milk products with extended product shelf-life and long-

term storage. Many nanomaterials are used as food ingredients/additives and packaging 

materials. It has also been used efficiently as a nanocarrier system in the meat/ food 

processing industry. The function of the nanocarrier system is to protect nutrients from 

degradation during processing and improve their stability during processing & storage. 

Conclusion 

Nanotechnology has been envisioned as very useful in almost all branches of veterinary 

science such as disease diagnosis, treatment, vaccine production, optimization of reproductive 

performance & fertility, breeding and nutritional management for the development of efficient, 

cost-effective feeding management to increase the production potential of the animals. Many 

research reports revealed revolutionary, innovative diagnostic and therapeutic approaches for 

many animal diseases including regenerative medicine. Hence, it needs extensive research to 

explore the full potential of nanotechnology in the field of animal health and production, 

especially in the countries like India. 
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