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. INTRODUCTION

The word ‘nano’ isadopte! from the Greek-language wowhich means ‘the dwarf’
and is commonly usedn combination with other words likenanometre, nanobot
nanotechnology (NT), etc. [24]. NT is defined ashe science and technology of small thi
with new changes in their chemiccompositionphysical structure and also higher reactr
as well as solubility [1,45 Nanomaterialdiffers from their counterpartsith respect to their
unique physical, chemical, and biological prope. Due to thesmaller size, molecules &
more biologically active,having more stable structure and are laffected by other
underlying factors likeoxidative inactivatioretc. Themain objective of N is to generate
materials on a nanoscaleavin¢ at least one dimension ranging from 1 to 100 naners
[1], concerning various sizes of biological struet (Fig. 1). These ultrastructure materi
having higher surfacarea ratio, called nanoparticles (NPNanoparticles (NPs) can |
readily synthesized from a range of substancegyrepassing metals, flowers, leaves,
chemicals [21]. At the ultramicroscopic scale, NR&in distinct physical, chemical, ¢
biological attributes, opening novel avenues forestigating thecellular, structural, and
molecular mechanisms within mammalian cells

Animal cell Animal cell nucleus  Animal pathogen  Animal nanoparticles
(20-30 um) (6-8 um) (50 nmto 5 um) (10 to 100 nm)

Animal
(1to2m)

Figure 1. DifferentBiological Structure with Varying Size inFarm Animals[21]

NT, the manipulation of matter at the nanoscale, hasrged as a gar-changing
technology with a broad range of applications iimetous industries. T has made their
mark on agriculture, changing animal husbandry tores and dairy farming methods o
the past years. This chapter explores the various @gpns ofNT in enhancing anime
health, nutrition, and overall productivity in thalieu of modern agricultural practicesT
having numerous applications in veterinary medienwduding disease diagsis, treatment,
animal breeding, drug delivery, and improving amgiing animal origin food product.
offers a wide range of new nanomaterials NPs including Nano chips, nanosenser, ¢
NPs liopsoms, quantum dot, magneNanopatrticles etc for démse diagnosis, vaccinatic
pathogen detection, animal breeding and providgnpetic NPs carbon nanotube, Nai
shell dendrites, etc for delivering antimicrooNPs and nano medicine for treatment
disease.

Numerous domains within agricultural animal product hold promise for th
application of nanotechnology (NT) to enhance lthmal wel-being and food yield. Ove
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an extended span, domesticated animals includitite cgoats, sheep, pigs, buffalo, ¢
poultry have functioned as vital food sources, gbating meat, milk, and related items -
human dietary needs. Projections indicate a glbbalan population of around 9 billion
2050, necessitating a substantial increase, pgssila to threefold,in global agricultura
output to meet the escalating demands of the expgmabpulac. It is assumed that the
human populationvill reach closely9 billion by 2050, requiring a doubling or everptimg
of global agricultural production to adequatelyer to the perpetually expanding hurr
populace's food demands].[3Hence, it is required to adopt timeodern technologiedike
Nanotechnology in thdield of the Animal Husbandry, tenhance tt productivity of
domestic animals. Oveecent years, there has been a growing enthusmsnvestigate th
potential of NT in enhancing animal health and pibn. In this context, our attention
directed towards several NT applications within tle&alms of Animal Husbandry ai
Dairying (Fig. 2).

FOOD SAFETY

NUTRIENT AND DRUG REPRODUCTIVE
DELIVERY SYSTEMS / \ BIOTECHNOLOGY
NANO VACCINES POULTRY AND MILK
"A"n PRODUCTION

TECHNOLOGY

NUTRACEUTICALS ]
\ BIOCIDES
THERAPEUTICS e O VETERINARY MEDICAL

VETERINARY
DIAGNOSIS AND DEVICES

Figure 2: Applications oiNanotechnology foAnimal Productiorand Veterinary
Medicine [26]

II. IMPROVEMENT INANIMAL HEALTH

Animals at livestock farm which a in good health contribute to increased ani
productivity, ensuring a consistent aquality food supply, reduced reliance on antibio
and vaccines, and steady trade of animal produWetsmisequently, prioritizing effectiv
healthcare and disease pnetien can lead to substantial cost savings by elatmg the nee
for treatment and eradicati of disease. One of thgenerally observe examples is an
outbreak of the foot and mouth dise (FMD), a catastrophic virallness thaieffects cattle,
buffalo, sheep, goats, pigsvhich costs aroundll billion US dollars to the outbre:
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countries, primarily India and China [4]. Additidlya animal products such as milk, meat,
and dairy products, inclusion of items like hida® @aot permitted by the disease-free
importing nations like the USA and Europe, thigniegon also leads to substantial losses in
the animal trade industry. Notably, these nanogadi(NPs) share a similar size scale with
disease-causing viruses (nanometres in size) andasty offers the potential to create
efficient diagnostic and therapeutic approaches d$pecific diseases [2]. Therefore,
Nanotechnology is considered as a striking optmrntprove veterinary medicine, animal
health, and drug delivery. The utilization of nanoenals and nanoemulsion technologies
brings numerous advantages to the production aplicapon of cattle and poultry feed, such
as reduced expenses, decreased reliance on addiane the incorporation of growth
promoting and immunomodulating charecteristics [2¥§nominerals can also inhibit the
harmful microorganisms in feed, which regulate tinen fermentation process, even
defines the reproductive problems faced by cattié sheep herd industry. Nanominerals
have also been used to treat the several animedsbs. For instance, nanozinc oxide has the
potential to increase the growth rate, immunity eeproductive activity of farm animals and
birds, as well as lower the occurrence of diarrhioe@on-rumen animals [28]. Studies have
revealed that nanozinc has the ability to enhanieyield and decrease the count of somatic
cells in cattle affected by recessive mastitis.

1. VETERINARY DIAGNOSTICS

Establishing the fast, accurate, and highly respendetection of disease-causing
pathogens that is fundamental to effectively trepaind eradicating those diseases In recent
times, the progress in nanotechnology (NT) has ditbwabout a transformative shift in
veterinary diagnostics. For example, nanoparti¢8s) based on iron oxide can now be
employed to track the dispersion of a medicatiothiwithe body by utilizing magnetic
resonance imaging (MRI) [5]. Also, a specific dragn be labelled with fluorescent
Nanoparticles to identify where it is located withihe target cells [6]. Moreover, NP-based
diagnostic chips are made available to rapidly ys®ala large number of samples [7].
Nanoparticle based diagnostic chips (NP-chips)iredass time, a minute quantity of initial
material (like blood or serum), fewer consumablkesd yield more precise outcomes in
contrast to conventional laboratory techniques H@R (polymerase chain reactions) and
ELISAs (enzyme-linked immunosorbent assays) [2ZveBal examples of Nanoparticle
based veterinary diagnostics are outlined in Table

Table 1: Applications of Nanoparticlesfor Veterinary Diagnostics[22]

Animal Species Nanoparticle Utilizing References
Diagnostic Tool

Detection of the avian

influenza virus (H7N9) by

Chicken 3D-printed immunoassay Xiao et al. (2019) [31]
using quantum dots
Detection of for porcine

Pig diarrhoea virus using nano- Wanzhest al. (2015) [32]

polymerase chain reaction
assay
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To examine avian flu
antibodies in serum, use a
Chicken polyvinylidene difluoride Emamiet al. (2012) [33]
membrane coated with gold
NPs

To detect volatile organic
chemicals connected to
Cow bovine tuberculosis in breat
NPs-based array of sensors
(NA-NOSE)

NPs-based Biosensor
incorporated with NPs to
identify the faecal samples
with Johne's disease which jJKumananet al. (2009) [35]
caused byycobacterium
avium subsp.
paratuberculosis (MAP)
A fluoro-immunoassay based
on quantum dots to identify
Chicken and Goat Chicken Newcastle and go?

5 Peledet al. (2012)
[34]

Both domestic and
wild animals

Yuanet al. (2009)

pox virus antibodies in bloo [36]

serum

IV.VETERINARY THERAPEUTICSAND VACCINE ADMINISTRE

Investment in veterinary medical research and agweént will increase access to the
best medicines and vaccinations for treating desedsT has opened up new opportunities in
veterinary medicine through the creation of a sndamg delivery system that assures the
efficient administration of pharmaceuticals to tagget tissues or organ [2]. The smart
medication delivery method guarantees optimal theutic efficacy for a sufficient amount
of time, as well as little irritation and maximurbhsarption at the target site [8]. Many NPs,
including polymeric nanoparticles, nanoshells, oarbanotubes, dendrimers, liposomes and
nanopores, as well as magnetic NPs, have been wadbia recent years for the targeted
administration of medications to treat veterinaigodders [9]. In veterinary medicine, a wide
variety of antibiotics, including penicillin, strepnycin, amoxicillin, tetracycline, and
gentamycin, are regularly used medications. Antitgo are utilised in farm animals,
particularly in chickens and pigs, not only to ecate harmful bacteria but also as growth
boosters [10]. Antibiotic resistance may becomeentmmmon in humans after they consume
milk and meat products that have been treated avittbiotics [11]. To combat the overuse of
antibiotics in farm animals, NT can be importanttie development of potent, nontoxic
antibacterial drugs. Antigenic parts of pathogealled vaccines are frequently utilised to
shield animals from contracting disease states. vVeEteination prompts the body to create
particular antibodies against a particular infet{ib2]. Type of antigen, delivery method, and
vaccine formulation all have a significant impaat @accine effectiveness. Adjuvants
(immunological agents) are frequently given witltaiaations to boost the body's immune
response, which results in better and more durablaunity to a certain disease [13].
Synthetic peptides and recombinant proteins, whrehcommon candidates for vaccines but
are susceptible to early breakdown, cannot be dddefrom this by adjuvants based on
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aluminium [14]. NPs can be used to modify the adiis so that vaccinations have increased
bioactivity at a lower dose and can elicit a paitac immune response. The adjuvants can be
created using a variety of NPs, including liposonmmsystyrene nanobeads, and ISCOMs
(immune-stimulating complexes) [14]. Several exaapdf Nanoparticle-based therapeutics
in veterinary are summarized in Table 2. By utilgsiNT, a variety of nutrients, biological
molecules, and drugs can acquire novel physicodamroperties. These properties include
increased mucoadhesive properties, improved enzyraetions, higher cellular uptake and
mobility, and controlled sustained drug deliveryha target site [29].

Table 2: Applications of NP-Active Vaccines and Therapeuticsin Animals Medicine [29]

Typesof Animals Nanoparticle-Based Therapeutic and Vaccine

Using liposomes to deliver streptomycin for thetneent of
brucellosis

Ring-shaped nanoparticles (NPs) delivered intradhafor the
treatment of respiratorgyncytial virus

Diclofenac liposome-based transdermal administnadi® an
analgesic and anti-inflammatory medication

Delivering the vaccine for foot and mouth diseas® w
polystyrene nanobeads

Delivering the vaccination for Newcastle diseast\RINA-
chitosan nanospheres

Saphylococcal mastitis vaccine delivered via liposomes
Bovine leukaemia virus vaccination delivered by liposomes
Treatment obabesiosis with diamidine delivered via liposome
Ivermectin administration by micelles to tre&rongylus vulgaris
Horse Rhodococcus equi pneumonia water-based NPs adjuvant
vaccination

Vaccination againsioxoplasma gondii delivered by liposomes
Delivery of the FMD (foot and mouth disease) vaation using
Pig dendrimers

E. coli Fimbriae Polymeric Vaccine

Cow

Sheep

\*2)

V. IMPROVEMENT INANIMAL PRODUCTION

Reproductive efficiency plays a pivotal role in dstock farming systems,
significantly impacting farms' productivity, pradibility, and long-term sustainability. The
ability of farm animals to reproduce effectivelyeattly influences the efficiency of milk and
meat production. Farm animals are raised with threa producing large quantities of milk,
meat, eggs, fiber, and hide productin while minimgzexpenses. Achieving efficient farm
production requires the implementation of sound ag@ment practices that include
sufficient nutrition and maintaining good healts, aell as adaptation of animals to specific
production conditions. The farm animal productigetem has undergone significant change
in the last few decades due to the rapidly expandamand for food of animal origin, which
is supported by the mechanisation of agricultured atechnical advancements.
Nanotechnologies can also be used to boost farmadsii capacity for reproduction. For
instance, NP-coated feed supplementation, also Rnasv nanofeed, is used to increase
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animal productivity and growth as well as to enrathiry, meat, and egg products [7].
Currently, nanotecnology in animal production systds in its very early stage, but there is
great potential in coming years that Nanotechnoldlybe extensively used to enhance the
farm animal production.

VI. ANIMAL NUTRITION

The animal feed causes approximate 40-50% of apgrabsts in livestock production
system [23]. The objective of feed industry is hmwrease the efficiency of feed and its
additives. Nutritional deficiency causes drasticrdases in the production potential of
animals, and nutrient-deficient animals are momnerto occurrence of disease [23]. The
production of animal products (milk, eggs, and meabuld be increased as well as their
quality, and the animal feed industry should uses kPformulate feed with the following
goals in mind: (a) improving overall feed efficigngb) increasing levels and quality of
animal products (milk, eggs, and meat); (c) usinBsNwith immune-modulating and
antioxidant properties to improve health; (d) radgcthe need for antibiotics as growth
promoters, as these may have detrimental effectaioran health and (e) removing boar taint
of animals products, particularly in pig’s meat [1Numerous research claimed that feed in
nanoform might be used to increase its nutritimadie and foster animal growth [15]. Some
of the examples of nanofeed additives are sumnthne&able 3.

Table 3: Nanoparticle AdditivessAdded Farm Animal Feeds[8]

Nanoparticles Animal Species Application
Sheep, goat, poultry | Inducing stimulation of enzyme activity and
Selenium rumen microbial flora
Enhancement of semen quality
Enhancing immune response
Zinc Ruminants, pig Improvemenf[ in feed conversion ratio that
poultry endorses animal’s growth
Enhancement of immune response
Pig Anti-diarrheal activity
Chromium Improvement in the carcass quality,
specifically lean meat production
Enhanced the immune response
Poultry Metabolic rate inducing stimulation |in
Copper broilers during their embryonic development
Strengthening the  biocompatibility  of
immune system
Montmorillonite- Poultry Reduction in aflatoxin toxicity
Composite
Nano-polystyrene Farm animals| Binding and removal of foodborne pathogens
with polyethylene- including poultry in animal feed
glycol linkers and
mannose targeting
biomolecules

VIlI. ANIMAL REPRODUCTION
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Reproduction, in which germ cells (sperm and ogcgi® combined to create an
embryo that grows into a new generation of animalg, natural mechanism to increase the
population of cattle. Since many years ago, pedylee been breeding next-generation
animals to produce more food (meat and milk) fomhn consumption by taking advantage
of the best genotype and phenotypic parent anifilils.most popular technique for assisting
faster and more widespread replication of supenmmal production qualities in farm animal
reproduction is artificial insemination (Al) withrdzen semen. In order to comprehend the
physiology of the fertilisation process, NPs haeeently been utilised to research the
biological interaction between sperm and egg [18, Utilization of Nanoparticles (NPs) to
evaluate the physical and physiological traits pérsn such as motility, direction, and
acrosome integrity, can be helpful in predicting $emen’s suitability for use in assisted
reproductive techniqgues (ART) and as a result, mmgsuccessful fertilization. Furthermore,
Nanoparticle-based magnetic purification methodbafl semen has shown efficacy in
separating damaged and defective sperm, conseyguarthncing fertilization potential both
in both vitro and in vivo settings [18, 19]. Redgnthe potential applications of NPs as
antioxidants and protective agents were investija® supplement in semen extender to
protect sperm during cryopreservation stress [RO[. can be used in conjunction with
techniques for semen cryopreservation and gametedy to improve an animal's capacity
for reproduction. A promising tool in the manageinehreproduction, nano-biosensors are
being validated and used for illness detectionfusstnanagement, and hormone level
detection [30].

VIIT. NANOTECHNOLOGY FOR DAIRY PROCESSING

Nanotechnology offers a wide range of usage in dbey industry, providing
opportunities to improve various aspects of dangdpction, processing, and product quality.
The advantages of using nanomaterials in the deadpstry are discussed (Fig. 3).
Nanomaterials can be used as encapsulating agentgithmins, antioxidants, flavours,
minerals, and other nutrients, which are imporfanfortifying milk and milk products [37].
They also have a role in developing novel packagiregerials and biosensors to protect
against disease-causing microorganisms. Nanomiateaa be beneficial for various other
applications such as protecting milk and milk praddrom oxidation and spoilage [38].

Copyright © 2024 Authors Page | 114



Futuristic Trends in Biotechnoloi

e4SBN: 978-93-6252-103-3

IIP Series, Volume 3, Bot 5, Part 2, Chapter 7
NANOTECHNOLOGY IN ANIMAL HUSBANDRY: PIONEERING
ADVANCEMENTS IN DAIRYING

* Antimicrobial o ] = Pathogen detection
surface coating y « Quality control

Applications

Processing

= Protecting Probiotics
) + Filtration
> * Gelation

* Nutrients delivery
» Encapsulation

« Carrier for vitamins
etc.

Figure 3: Applications of Nanotechnology in Dairy Industi38]

By integrating nanotechnology into the dairy indusproducers can enhan
productquality, safety, and processing efficiency, conttiibg to the advancement of t
dairy sector in a sustainable and responsible nrarBeme of the key applicatiol
include:

1. Nutrient Delivery and Fortification: Nanotechnology enables the nanoencapsin of
nutrients and bioactive compounds, enhancing teability during processing ar
digestion. This allows for the development of fioeti dairy products with improve
nutritional value, such as ne-encapsulated vitamins, minerals, or antioxidan milk,
yogurt, or cheese. Naramulsions can be utilized to create stable and lgemuus
mixtures of immiscible liquids, which can enhanbe texture and sensory attributes
dairy products. For example, n-emulsions can be employed in ice cream twvide a
smoother and creamier moutht [39]. Nanotechnology can be utilized to reduce the
content in dairy products without compromising ¢éaand texture. Nanostructured
substitutes can mimic the mouthfeel of fats, primgchealthier alternatives to consum
The delivery system functio as a conduit for conveying the functional ingretiienthe
target object of action. It is imperative for thelidery system to safeguard the functio
ingredient against chemical or biological degramtathroughout processing, storage,
utilization [40].

2. Food Safety and Quality: Nano-sensors and nanomaterials playirportant role in
detecting contaminants, pathogens, or spoilagecanalis in dairy produc [38]. This
ensures better food safety and quality throughmedairy supply chain, reducing the ri
of foodborne illnesses and spoile Nanosensors demonstrate the capacity to mc
temporal variations in temperature and humidityedegases emanating from oxidat
food spoilage and pathogenic microorganismtamination within packages, while al

Copyright © 2024 Authors Page | 115



4.

Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-103-3
IIP Series, Volume 3, Book 5, Part 2, Chapter 7
NANOTECHNOLOGY IN ANIMAL HUSBANDRY: PIONEERING
ADVANCEMENTS IN DAIRYING

enabling colour changes in the package as a meam®rvey pertinent information
regarding these alterations [41].

Extended Shelf Life & Smart Packaging: Nanotechnology can extend the shelf life of
dairy products by inhibiting the growth of spoilaggusing microorganisms and
maintaining product freshness for a longer duratibenotechnology offers opportunities
for advanced dairy product packaging. Nanocompositgerials can provide better

barrier properties, reducing oxygen and moistunenpability, thus extending the shelf
life and preserving the quality of dairy produdtno-packaging in dairy products aims
to safeguard the contents and extend the shelf difesuch products. Commonly

investigated nanoparticles used in this contexbepass copper, titanium dioxide, zinc
oxide, and silver all of which demonstrate notalaletimicrobial properties when

employed in dairy product packaging (Table 17.3)[3

Table 4: Nanoparticlesincor porated packaging for dairy products[37]

Product Nanoparticle Target References
MiCr oor ganisms
Butter Zinc NPs coated-- Contrerast al.
packaging film (2010) [42]
Soft white| Titanium NPs/Poly vinyl Escherichia coli | Youssef et al.
cheese alcohol (PVA) CS/| Saphylococcus (2015) [43]
Chitosan/TiQ aureus, Candida
nanocomposite albicans, and
Pseudomonas
aeruginosa
Dairy products | Copper NPs Pseudomonas spp. Longanoet al.
(2012) [44]
Soft  ripened TiO, coated HDPE-basedReduction int Gumiero et al.
cheese food packaging activity of organic| (2013) [45]
materials
Soft cheese andCombination of nano} Enterobacter spp. Metak and
milk powder silver (1%) and TiQ Ajaal  (2013)
(0.1%) [46]

Improved Dairy Processing: Nanotechnology can optimize dairy processing teqmes.
For instance, the use of nanofiltration or ceramamomembranes facilitates more
efficient separation of components from milk, leapio improved processing efficiency
and higher-quality dairy products. Nanotechnology de employed to create unique
nanoscale tags or markers for dairy products, eamhgntheir traceability and
authentication to prevent counterfeiting and engurogluct integrity [47]. Furthermore,
the ongoing development of smart packaging emppyianotechnology has introduced
innovative functionalities for food preservationhi§ smart packaging incorporates
diverse nanosensors and nanodevices, enablingroensio access real-time information
regarding the condition of the food enclosed witHaguipped with nanosensors, the
packaging is designed to monitor both internal axtiernal factors affecting food
products, pellets, and containers across the enipply chain [48].
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IX.POTENTIAL CHALLENGESASSOCIATED WITH NANOPARTICLES

The safety aspect of nanoparticles is a significantern due to the increased con
surface area resulting from the nanoscale matetedsling to potential toxic effects in t
body. However, the regulation and knowledge surroogdhese nanomaterials are curre!
lacking. While some researchers and research caegsiticknowledge the usefulness of
technology, further investigations are necessargrisure the safety of tte nanomaterials
[49]. The human body may be exposed to nanopartiblesigh various systems such as
respiratory, digestive, and skin systems, as shiavfigure 4 Ingestion of nanoparticles h
been linkedto heightened oxidative stress, free radical prodnoc DNA mutations, an
potential harm to human heali50].

Colon cancer
Chron’s disease

Heart diseases

Drawbacks
of
Nanoparticles

Asthma
Bronchitis,
Cancer

Dermatitis

Autoimmune
diseases

Lymphatic
system and other
organs disease

Neurological
disorder

Figure 4. PotentialChallenges Associated witanoparticle{49]

X. CONCLUSION

Nanotechnologyis having vas potential toenhance the production and health
agricultural farm animal. Existinconducted researches have concluthed th¢ application
of nanotechnologyn enhancment of feed efficiency, precigkagnostic tools, targeted dr
delivery, enhanced vaccine response, aincreased fertility in agricultural anima
Individuals within the nanotechnology field, encamping scientists, engineers, :
biologists, should sustain their ongoing initiasvAdditionally, securing substantianancial
resources for research and development is imper&ivtheir progres<A multitude of use:
exist for these inventive nanoparticles within #remal sector, and the current examina
aimed to aid in directing attention toward scieatinethodlogies while also identifyin
potential applications for these technologiedNanotechnology hageformec scientific
research in the disciplines @nimal and veterinary science$his chapter aimed |1
emphasize these purposes and pinpoint potentiappits for forthcoming applicatior
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Nanotechnology is assuming a crucial function ieaarlike ensuring food safety,
disease diagnosis, medical treatment, vaccine raatwring, efficient nutrient and drug
delivery mechanisms as alternatives to antibiotiefroductive biotechnology, and the
poultry industry. The significant expansion of ttmntact surface area in nanoparticles gives
rise to significant safety apprehensions. Nanogadican enter the human body through
various routes such as inhalation, ingestion, & cntact. Consequently, it is essential to
establish a suitable regulatory body to tackle éhmmncerns and supervise the secure usage,
implementation of nanoparticles and oversee the @dfzation and uses of nanoparticles.
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