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Nutraceuticals:	A	Paradigm	Revolution	in	Medicine	and	Health

INTRODUCTION
World Health Organization (WHO) database on Global Health 
Expenditure, the United States allocated 17% of its resources 
towards healthcare, whereas India allocated 4% (WHO 
Indicators). The substantial expenditure on wellness has 
in�luenced the attention of both the research and development 
divisions of global corporations and customers towards food 

[1]products that offer health advantages. The "Nutraceutical" is 
the word �irstly created by Stephen Defelice in 1989 via the 
combination of the words "Nutrition" and "Pharmaceutical." 
Nutraceuticals are naturally occurring bioactive or chemical 
compounds that not only have dietary value but also possess 

 [2]qualities that promote health, cure diseases, or prevent them.
Since ancient times, phytomedicines have been a fundamental 
component of pharmaceuticals; their use has grown because of 
their medicinal activity and less serious side effects than other 
medications. Because of their natural origin and few side effects, 
herbal medications are becoming more and more popular in 

 [3]developed as well as emerging nations. The development of 
novel herbal medications has been strongly supported by 
expanding quickly nanotechnologies. Although many 
nutraceuticals exhibit poor bioavailability, nutraceuticals are 
foods and food ingredients that offer health advantages beyond
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Nutraceuticals	are	usually	seen	as	natural	and	safe	supplements	that	have	the	potential	to	prevent	diseases,	serve	as	alternatives	to	
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basic nutrition. Nanotechnology applications have made it 
possible to get over the dif�iculties and technological obstacles 
relevant to the solubility, stability, bioavailability, and 

[4]distribution of bioactive ingredients in food. Nutraceutical 
nanotechnology's exponential rise holds out the possibility of 
developing novel, potent functional foods as a means of 
preventing and possibly curing some non-communicable 

[5]diseases.

CONCEPT	OF	NUTRACEUTICALS
A variety of herbs are found in India; traditional systems of 
medicine in India such as Ayurveda also depend on herbs or 
medicinal plants. According to natural sources, categories, and 
chemical groups, herbal nutraceuticals are also called asdietary 
supplements, nutraceuticals herbals, and dietary �ibers. Dietary 
Supplements, Health, and Education Act (DSHEA, 1994) 
introduced by FDA, mentioned that dietary supplements must 
contain more than one content such as vitamins, minerals, 

 [6]amino acids.

Fig.1:	Diagrammatic	presentation	of	Concept	ofNutraceuticals

Bioactive	 compounds	 as	 nutraceuticals: Small amounts of 
bioactive chemicals are found in various foods, particularly in 
fruits, vegetables, whole grains, and other sources. They provide 
numerous health advantages beyond their fundamental 

 [7] nutritional value and exhibit diverse medicinal possibilities.
Evidence from epidemiological and animal research indicates 
that incorporating fruits, vegetables, and whole grains into one's 
diet can lower their risk of developing chronic diseases 

 [8]attributed to oxidative damage.
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Fig.2:	Diagrammatic	presentation	of	bene�its	of	nutraceuticals

Bene�its:

NANO-BASED	DELIVERY	FOR	NUTRACEUTICALS
Nanotechnology is being extensively investigated for its 
application to enhance stability, solubility, and permeability in 

[9]nutraceutical, pharmaceutical, and cosmetic applications.  
Nanotechnology offers various novel methods and resources 
that can effectively address the existing gaps in the delivery of 
nutraceuticals. It provides a promising opportunity to enhance 
both the products and the techniques employed in the 
preparation of nutraceuticals, resulting in improved 
biopharmaceutical properties. Nanoparticles possess 
distinctive characteristics and signi�icant potential for various 
applications due to their small size, chemical composition, and 
surface structure. [10] The nanoformulations have undeniably 
improved the bioavailability of medications. However, the 
precise mechanism via which these nano-based formulations 
enhance the absorption of the active component remains 

 [10]unclear.

Fig.3:	Diagrammatic	presentation	of	factors	affecting	on	nutraceuticals	bioavailability

Fig.4:	Different	Nano-based	delivery	for	nutraceuticals

Nanotechnology	to	increase	nutraceutical	bioavailability
Nanotechnological methods can be employed to encapsulate 
and control the liberation of therapeutic compounds in food and 
pharmaceuticals, and nutrients. Nanoparticles can exhibit a 
wide range of structural con�igurations. The physicochemical 
properties of these nanoparticles can vary based on the speci�ic 
materials and procedures employed. The many structural 
formulations encompass nanolipid dispersions, nanocapsules, 
nanoemulsions, micelles, nanospheres, nanocochelates, 

 [11] coacervates,nanoliposomes. Nanoform have ability to spread 
and dissolve by increasing its surface area. Lipid-based 
formulations enhance absorption by increasing solubility, 
extending the time they stay in the stomach, promoting 
transport through the intestinal lymphatic system, modifying 
intestinal permeability, decreasing the activity of ef�lux 

[12] transporters, and reducing metabolism. The bioavailability of 
encapsulated bioactive substances typically enhances when 
particle size housing lowers, owing to their accelerated 
digestion, capacity to permeate the mucus barrier, or direct 

[12]absorption by cells.
Comparing with conventional encapsulation systems, 
nanoparticles release bioactive molecules more ef�iciently and 
have superior de�ining properties. In addition, particle size 
directly affects the delivery of compounds to numerous tissues 
in the organism. Interestingly, several reports suggest that only 
nanoparticles can be ef�iciently absorbed into speci�ic cell lines, 
as opposed to larger microparticles, which signi�icantly reduce 

 [13]their absorption.
Nutraceutical compound containing nanoparticles can be 
invented or produce by application of lipid formulations, 
natural nano materials, technical and sophisticated equipment, 
bio-polymer nanoparticles, and other types of miscellaneous 
techniques. Hydrophilic substance or food supplements treat 
with lipid based nanocarrier for prevention, degradation and 
breaking of molecules are bene�icial method because it increase 
micellar combinations in lipid bilayer and help in solubilization 

[14]and reaching target site of action.
By using various technological methods now a days food 
industry also improve circulation time of nanocarriers in the 
gastro intestinal tract. Surface coating in the form of 
encapsulation prevent the nutraceuticals from degradation and 
catalytic activity.Studies have demonstrated that lectin's 
terminal clearance rate in the GIT mucosa decreases when it
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covalently binds to poly(methylvinylether)/maleic anhydride 
carriers, whereas NPs coated with bovine serum albumin 
exhibit a strong ability to adhere, especially to the stomach 

 [15]mucosa.
Nanoparticles' main advantages for improving nutrient 

[16][17]bioavailability include: 
• Large surface area enhance bioavailability of in 

nutraceutical and accelerated digestion in GIT.
• Reducing the size of particles can result in improved 

permeation through the mucus layer.
• A reduction in particle size can result in the direct uptake of 

nutraceuticals containing nanoparticles through 
absorption.

• Reducing the size of particles can result in the production of 
products which is important for certain dietary products 
and beverage uses, like enriched waters and soft drinks.

• Including bioactive substances within nanoparticles can 
potentially enhance their resistance to chemical or 
biological breakdown.

• Nanoparticle encapsulation can be employed to mitigate 
their negative interactions with other dietary additives.

• Including bioactive substances within nanoparticles can be 
useful in avoiding unpleasant taste characteristics.

Encapsulation	 techniques	 to	 safeguard	 nutraceuticals	
while	they	are	being	digested
Encapsulation is the method in which nutraceuticals/ drug 
moiety get cover or encapsule for protecting the other agents in 
body such as metabolism process, acid secretion, catalytic 
activity. It also help to for enhancing activity of and reaching 
target site of actions. Increase stability, enhanced bioavailability, 
permeation, reduce toxicity are other important bene�its of 

[18] encapsulation. Typical encapsulation techniques to safeguard 
nutraceuticals while they are being digested include;
Microencapsulation: This technique involves encasing the 
nutraceuticals in small particles or capsules, usually made of 
proteins, fats, or carbohydrates. In addition to improving 
stability and minimizing deterioration of the numerous 
nutrients, microencapsulation can provide balanced ingredient 
release during digestion. According to the particle size. 

B o t h  t h e  m i c r o e n c a p s u l a t i o n  ( 5  t o  5 0 0  μm)  a n d 
nanoencapsulation (from 10 to 900 nm) are good for 
encapsulation procedures. By delivering bioactive chemicals 
directly to the target site and shielding them from un-favorable 
surroundings, nano/microencapsulation can increase the 
bioavailability of these drugs. Extrusion, emulsion, and 
dehydration are the three primary categories into which 

[19]microencapsulation processes fall. nanotechnology is recent 
method for enhance solubility of hydrophobic as well as 

 [20]hydrophilic nutraceuticals.

Lipid	coating: Coating the nutraceuticals with lipids containing 
phospholipids or triglycerides can help them become more 
permeable and protect them from the harsh environment that 

 [21]exists in the digestive system.

Polymer	 coating:prevention from degradation through 
various catalytic enzymes present in stomach the nutraceuticals 
will cover with polymers its act as barrier and prevent from 
degradation.
Polymers used in coating the nutraceuticals can serve as a 
barrier, which prevents degradation through the enzymes and 
acids that are present in the stomach. This method facilitates the 

 [22]localized release within the intestines.

Polymeric	 micelles: Micelles serve as widely employed 
carriers for nutraceuticals, characterized by a core-shell 
structure where the hydrophilic head region provides support 
and stabilization for the hydrophobic core within an aqueous 
medium. This con�iguration enhances water solubility while the 
hydrophobic region serves to carry and protect the 
encapsulated drug, effectively improving the therapeutic 
ef�icacy of drugs associated with central nervous system 
diseases. The formation of micelles occurs above the critical 
micelle concentration (CMC) and is thermodynamically stable. 
It is noteworthy that individual amphiphiles readily form 
micelles beyond the CMC. However, micelles are not without 
limitations, notably in terms of low drug-loading ef�iciency and 
serum stability. Despite these drawbacks, micelles excel as 

 [23]nanocarriers for lipophilic bioactive.
Table	No.	1:	Different	types	of	nanotechnology,	mode	of	action	and	their	applications

Nanomaterials	used	for	effective	nutrient	delivery
Due to the growing demand, foods enhanced and supplemented with nanotechnology are increasingly being introduced. For many 
years, industries have employed a variety of naturally occurring nanoparticles, such as the casein obtained from milk, lactoglobulins, 

[29]and phospholipids, which serve as texturizing agents and emulsi�iers in the food preparation process.
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Table	No.	2:	Different	nano	formulation	with	their	mode	of	actions	and	applications

Table	No.	3:	Various	common	herbal/medicinal	plants	used	as	herbal	nutraceuticals

THE	FUTURE	OF	NUTRACEUTICALS
The general public's growing consciousness of �itness and 
health, fostered by media exposure, is inspiring most people to 
lead better lifestyles, increase their physical activity, and eat 
more nutrient-dense food. Consumers are increasingly seeking 
minimally processed food with added nutritional bene�its and 

 sensory appeal, as seen by the expanding nutraceutical industry.
[48] As a result, this progress is fuelling expansion in the global 
nutraceutical businesses. The rapidly growing nutraceuticals 
industry is positioned to become the dominant force in the 

 [49]market in the upcoming century.  The nutraceutical �irms that 
are projected to excel in the next sales are those that provide a

diverse array of items that address both conventional and 
health-related demands, whereas functional products 
constitute just one facet of their product portfolio. The future 
market for nutraceuticals depends on how consumers perceive 
the relationship between nutrition and disease. To fully exploit 
the potential of nutraceuticals in enhancing human health and 
avoiding illnesses, it is imperative for health experts, dietician 
and nutritioniststo work strategically and establish suitable 
rules. By doing so, nutraceuticals can effectively provide the 
utmost health advantages and curative impacts to humanity. 
Lack of evidence regarding clinical trial of nutraceutical 

 [49]effectiveness give future scope for research activity.
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CONCLUSION
Acentient history shows various indigenous herbal medicinal 
plants which give prominent therapeutics action. Recently 
scienti�ic data also reported that they not have only therapeutic 
ef�icacy and medicinal importance apart from this also contain 
nutritional value. Various phytoconstituent/phytomedicine 
u s e f u l  fo r  p reve n t i o n  a n d  t re a t m e n t  o f  d i s e a s e s . 
Nanotechnology is nano particlebased delivery system which 
improve potency, ef�icacy solubility, of phytoconstituent and 
also help to show its target action. Nanotechnology based 
carrier such as nanoemulsion, sliver nanoparticle, liposomes, 
nanosome, herbosome show their target speci�ic activity with 
less toxicity Nanotechnology may improve the aqueous 
solubility by encapsulating nutraceuticals and prevent 
oxidation/degradation ultimately improve the health of society.

SUMMARY
Since ancient times, phytomedicines have been an essential 
source of pharmaceuticals; their use has grown because of their 
therapeutic activity and fewer adverse effects than other 
medications. Nanoform have ability to spread and dissolve by 
increasing its surface area. Lipid-based formulations enhance 
absorption by increasing solubility, extending the time they stay 
in the stomach, promoting transport through the intestinal 
lymphatic system, modifying intestinal permeability, 
decreasing the activity of ef�lux transporters, and reducing 
metabolism.
Several novel herbal formulations and nutraceuticals, such as 
polymeric nanoparticles, nano capsules, and nan emulsions, 
have been developed applying bioactive and edible components. 
Nutraceuticals offer signi�icant bene�its compared to traditional 
plant active formulations.
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