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ABSTRACT  

The global nutraceuticals industry is a dynamic and rapidly evolving sector with diverse products, each offering numerous health benefits that 
significantly impact behaviours and market trends. The evaluation of patents within this industry reveals the dual nature of intellectual property 
rights as both a tool for fostering innovation and a potential barrier. However, with this growing recognition of these nutraceutical products face the 
challenges of ensuring product integrity, particularly in addressing issues such as adulteration and substandard quality. Key aspects include its 
market potential, nutraceutical company challenges, adulteration, intellectual property rights, and identification techniques that will ensure public 
access to safe and effective products. In addressing the core relationships between intellectual property rights, regulations, and safe and effective 
products, this paper identifies several critical pathways for advancing industry practices like strengthening regulatory oversight, encouraging 
innovation through intellectual property rights, promoting ethical practices investing in research and development, and enhancing international 
collaboration. Also, it focuses on fostering a regulatory environment that promotes innovation and accessibility to its stakeholders who can ensure 
that nutraceutical products contribute meaningfully to public health objectives. There are several parameters like high-cost research and 
development, complex regulatory landscapes, consumer skepticism, and technologies like artificial intelligence and machine learning to streamline 
product development and help tailor strategies to address its specific needs. The insights of collaboration and innovation among international 
organizations are crucial to improving global health and well-being positively by shaping the future of the nutraceutical sector. Therefore, by 
addressing these collaboration relationships between governments, industry stakeholders, researchers, and civil society. Also, it is necessary to 
address the core relationship between intellectual property rights, regulation, and promotion of safe and effective nutraceutical products in this 
rapidly evolving industry. 
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INTRODUCTION 

The nutraceuticals industry is revolving as a potential and 
consumer-centric market. Which encompasses functional foods, 
dietary supplements, and bioactive compounds that are gaining 
recognition for their role in preventing chronic disease and 
promoting overall well-being. However, achieving the full potential 
of these products requires addressing critical issues such as product 
quality, safety, and efficacy. Also, parameters such as adulteration, 
substandard quality, and inconsistent bioavailability remain 
significant challenges, which necessitate robust regulatory oversight 
and significant rigor [1]. Even as the nutraceutical industry became 
more standardized in the late 20th century according to research and 
due to more effective regulations at a global level [2]. But, there are 
some emerging trends and gaps in the nutraceuticals landscape like 
lack of harmonized international standards, emerging technologies 
like wearable devices and digital health applications, tools like real-
time feedback and personalized recommendations, also analytic 
techniques like mass spectrometry and nuclear magnetic resonance 
and high-performance liquid chromatography, these tools can 
enable differentiation in a competitive market. There is effective 
collaboration among governments, industries, and academia is 
crucial in developing globally consistent regulatory standards and 
fostering innovation. Numerous health benefits of nutraceutical 
products, it is evident that people are increasingly inclined towards 
seeking more natural and comprehensive health solutions through 
nutraceuticals. Nutraceuticals also have the potential to be 
incredibly beneficial for a variety of health concerns, such as 
enhancing the immune system and promoting heart health. Several 
factors must be taken into account also including the fact that most 
nutraceuticals are produced from naturally occurring sources with 
complex compositions that can affect human systemic circulation 
[3]. In this scenario, clinical trials play a crucial role in pinpointing 
the correct dosage that can offer maximum health benefits while 

reducing potential risks [4]. Nutraceutical products need the 
potential to safeguard innovations, promote research and 
development, and provide competitive advantages in a market that 
would deliver diverse goods and services [5]. It may also result in 
the development of effective products that combine strengths from 
other areas of nutraceutical science [6]. Most countries, such as the 
United States of America (USA), Europe, and Japan have stringent 
requirements for clinical manufacturing applications. This 
demonstrates a high level of regulatory oversight aimed at ensuring 
that consumers can trust the health claims made by manufacturing 
companies [7]. There are different exclusivities associated with IPR 
that have limited access to affordable products, especially in 
developing markets like stringent labeling requirements, post-
marketing surveillance, ethical consideration, Artificial Intelligence 
(AI) and Machine Learning (ML) streamlining in the R and D process, 
and enhanced regulatory compliance. However, all the aspects can 
optimize clinical trial designs predict consumer behavior, and 
facilitate market entry. Such measures ultimately enhance the 
purchasing power for safe and effective products in the consumer 
segment. As the industry progresses, technological advancements, 
scientific knowledge, and regulatory standards are expected to 
influence its market possibilities more in the future [8]. This paper 
version aligns with consumer-centric approaches that prioritize 
transparency, safety, and efficacy with a focus on emerging areas 
like personalized nutrition, sustainability, and consumer education. 
Also how intellectual property rights and clinical research can 
contribute meaningfully to sustainable growth [5]. 

Critical issues in public health and intellectual property for 
global nutraceuticals 

The global nutraceutical industry encounters several challenges that 
hinder public health, clinical practices, and IPR [9]. Public health 
experts around the world have been advocating for more rigorous 
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clinical trials of nutraceutical products [10]. Furthermore, these 
actions support innovative techniques such as food security and 
technological advancements that prioritize the holistic well-being of 
consumers by promoting sustainable product development [11]. The 
industry has developed a patent position framework that is intended 
to offer an improved approach to new inventions [12]. The various 
challenges encountered in identifying data for their research project 
under this nutraceutical clinical research. These challenges include 
issues like lack of time, data misappropriation, lack of control over 
data, skill deficiencies, absence of compensation, unfavorable 
policies and legal norms, inadequate infrastructure, and 
interoperability issues [13, 14]. Helal N V et al., in their research case 
studies, have been discussing research, innovation, and patenting of 
formulations over the past 15 y in the field of nutraceuticals. 
However, there have been no significant advancements yet. They are 
examining market dynamics, and regulatory challenges, and 
providing solutions along with future directions for nutraceutical 
products [15]. The detailing of the composition and dietary 
supplements that claim to have therapeutic effects on medical 
conditions but lack scientific evidence or have questionable 
reliability always in this industry [16]. The latest updates from the 
Food and Drug Administration (FDA) have made it mandatory for 
nutraceutical companies to provide clinical data to support any 
health claims made on their marketed products [17]. According to 
the recent global survey done by Nutraceuticals Insights 2022 only 
45% of respondents could accurately define nutraceuticals and 30 % 
expressed doubts about the safety and efficacy of such products. 
Most of the product awareness campaigns have primarily targeted 
urban populations leaving rural and underserved communities with 
limited knowledge about the potential benefits and risks of 
nutraceuticals. One of the primary reasons for consumer skepticism 
is the prevalence of unsubstantiated health claims. The study 
conducted by the research team revealed that 20% of nutraceuticals 
sold online contain misleading information about their therapeutic 
effects [7]. For example, the Food and Drug Administration's 2020 

warning about adulated dietary supplements in the US led to the 
recall of over 150 products in 2018 Major nutraceutical companies 
faced backlash due to their popular products and supplements 
containing traces of harmful bacteria. But after that, those 
companies have taken effective multi-pronged strategies like 
conducting independent third-party audits, transparent marketing 
campaigns, and collaborating with regulatory authorities, this 
approach has increased their sales by 25% within two years as 
reported by the market analytics 2021. The companies Amway® 
and Herbalife® have invested a larger number of revenue in clinical 
trials to validate the efficacy and the safety of their market products 
for different chronic and non-chronic diseases. Europe has programs 
called “ Know your nutraceuticals” to educate millions of consumers 
about how to identify genuine products, also these campaigns have 
emphasized the importance of checking for regulatory approval and 
verifying third-party certifications to understand product labels and 
claims [81]. The top companies can truly distinguish themselves in 
the market by showcasing the clinical trial data of their unique 
formulations in comparison to their competitors' products, all while 
safeguarding their intellectual property [18]. Strategies like 
identifying public health concerns have an emphasis on effective 
tracking of dietary trends and deficiencies. Next setting regulatory 
standards and safety guidelines need to mandate FDA or EU clinical 
trials for these products. Approaches like addressing global 
malnutrition promote solutions to fortified foods to address vitamin 
and mineral deficiencies [82]. In most cases monitoring the product 
quality and adulteration can be justified with innovative detectors 
like mass spectroscopy and HPLCs. The partnerships on research 
and evidence-based claims validated the clinical efficacy of products 
eg. Omega-3 supplements in cardiovascular health. To promote 
ethical marketing practices ensuring truthfulness in dietary 
supplement advertisements. Joint initiatives to address consumer 
concerns and maintain transparency. Raise awareness about the safe 
use of nutraceuticals through campaigns and training programs that 
help in prescribing dietary supplements effectively [83]. 

 

 

Fig. 1: The role of public health in nutraceutical integration 

 

Intellectual property and clinical validation barriers for the 
global nutraceutical market 

The interplay between Intellectual Property Rights and market access 
is one critical factor influencing the success of the worldwide 
nutraceutical market. IPR has served as double-edged facilities for any 
product or service like fostering innovation and protecting 
investments. This two active access will help to attract global 
commercialization, enabling relationships between IPR and market 
access. Also, the innovative research and development in this sector 
shows the many challenges of innovative research and development, 
brand trust, strategic collaboration, and facilitating global market 

entry [19, 20]. There is recent studies reveal that 58% of medium-
sized businesses are facing profit constraints in the market due to 
these challenges [21]. Most of these limitations are primarily caused 
by problems related to inventory management, storage, and supply 
chain, which arise from non-compliance with regulations for those 
small-scale companies [22]. In IPR systems, development is crucial for 
the nutraceutical industry to stay competitive and offer innovative 
products with health benefits for future consumption towards the 
customer base [23-25]. Also, the challenges of biopiracy concerns and 
insufficient equity capital make the industry highly disrupted and 
competitive [26]. The shortage of human capital in the nutraceutical 
production sector poses challenges, and companies may find it 
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challenging to protect patents and innovations in the long run [27]. 
Innovation is complicated due to high costs and legal complexity, 
prolonged litigation, licensing fees, and regional disparities in 
enforcement to enter the international markets for any of those 
products from small-scale companies [28, 29]. There are also disputes 

over contractual rights and the establishment of definitive IPR for 
independent firms adds to the complexity of their operational activity 
[30]. A public-private partnership can be a means of balancing public 
health objectives with the protection of intellectual property rights 
when it comes to clinically validated products [10]. 

 

 

Fig. 2(A): The interaction between IPR and market access 

 

 

Fig. 2(B): Companies should adopt strategic approaches for the development of new nutraceutical products 

 

The regular training programs to ensure employees understand IPR 
policies and best practices. The outcome of 95% compliance in 
employee knowledge assessments by the end of each year. Establish 

in-house R and D teams dedicated to patentable innovations and 
product differentiation, the 15% annually through consistent 
ideation sessions to increase new patent applications. 
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Implementation of AI tools to track potential IP infringements 
globally and manage legal claims effectively, which reduces the 
occurrence of IP infringements by 25% within two years [84]. The 
proactive IP filing approach with dedicated legal support for 
expedited patent applications the measurable 80% of patent filings 
completed within three months of innovation identification. Partner 
with IP law firms to handle patent disputes and streamline the 
documentation process by resolving 90% of IP disputes in favour of 
the company within six months of initiation. International IP 
protection for region-specific regulations with secure IP protection 
in 5 new global markets every year. Employ cloud-based IP 
management software to organize and monitor patents trademarks 
and copyrights. To achieve 100% digitalization of IP assets within 
the next two years. Allocate a dedicated budget for IP-related 
activities and enforcement actions. The IP protection investments by 
20% annually to safeguard critical assets [85]. 

The study designs intellectual property strategies for 
breakthroughs in nutraceuticals 

The nutraceuticals study design has been covered with three factors 
credibility, protection innovation, and securing market advantages 
[29, 31]. Effective nutraceutical study design begins with rigorous 
preclinical research [32]. These pre-clinical results help to identify 
the specific compounds that can offer the best advantages and 
ensure consumer safety [33]. There is study design will depend on 
regulatory standards and demonstrate randomized control trials, 
which are crucial to optimal dosage and delivery mechanisms to 
maximize the effects of nutraceutical products [34]. In USA and 
Europe, nutraceuticals are commonly protected by patents that 
cover their compositions of matter, methods of use, or 
manufacturing techniques [35, 36]. Amanda Starling-Windh et al., 
mention how nano-delivery systems can enhance natural or 
pharmaceutical products. This type of innovation can provide an 
overview of the trends in intellectual property (IP) and the 
geography of nutraceutical drug delivery systems. The document 
contains chapters that discuss various aspects of IP protection in 
drug delivery systems. It highlights the importance of thorough IP 
monitoring, technology transfer, and patent strategies. It focuses on 
the importance of clinical trial data in securing strong patent 
applications and shows how improvements to IP practices have 
stimulated innovation for at least 30 y [37]. The global patent 
cooperation treaty (PCT) is streamlining the process of securing 
global IP protection and rights, which mitigation the risk of IP theft 
in emerging markets [38]. 

Randomized Controlled Trials (RCTs) are the gold standards for 
establishing the efficacy and safety of interventions in health and 
medicine. In the nutraceuticals industry RCTs will play a crucial role 
in therapeutic claims, unique challenges, funding constraints, 
regulatory inconsistencies, sample size difficulties, and public 
perception. RCTs are designed to minimize bias and confounding 
variables, making them an indispensable tool for assessing the true 
impact of nutraceutical products. The scientific validation through 
RCTs enhances consumer confidence in nutraceuticals 
differentiating credible products from those lacking evidence. Many 
regulatory agencies, such as the FDA and EFSA, require RCT data for 
health claim approval. Now, investors are more likely to support 
nutraceutical companies with clinically validated products, as RCTs 
reduce the risk of consumer backlash and regulatory non-
compliance [86]. There are unique challenges in conducting RCTs for 
nutraceuticals compared to pharmaceutical trials. Conducting RCTs 
is expensive and requires millions of dollars for mid-large scale 
production. Most nutraceuticals often have thinner profit margins 
making it difficult to justify the high upfront costs of RCTs. Most of 
the RCTs vary widely across regions, creating confusion and 
increasing the complexity of trial design. Many nutraceuticals 
straddle the line between food and medicine leading to ambiguities 
in trial requirements [87]. It can be challenging especially when the 
product is perceived as low risk but lacks initial safety data. To 
detect meaningful effects, nutraceutical trials often require larger 
sample sizes, especially for interventions with subtle or long-term 
benefits. Also, recruitment challenges like products perceived as 
“natural” and safe can be difficult as they may not see the need for 
rigorous testing [88]. In outcome, variabilities like quality of life 

improvements and the placebo effect are particularly strong in 
nutraceutical trials. The most common challenge in this trial is that 
participant dropouts are more common in long-term studies 
potentially skewing results. Addressing these challenges of RCTs 
requires the most innovative approaches that balance scientific rigor 
with practical considerations. The harmonizing standards, adaptive 
trial designs, optimizing trial design, and leveraging technology like 
digital recruitment and wearable devices to improve the metabolic 
health of consumers [89]. The study like Omega 3 supplements on 
cardiovascular health enrolled over 20,000 participants with the 
active procedure to be followed by its inclusion in clinical guidelines. 
The future of RCTs will be high demand for high-quality industry 
growth of nutraceuticals with decentralized trials, integration with 
real-world evidence, policy innovations, and AI and big data 
improving the efficiency of nutraceuticals RCTs [90]. 

Techniques for good manufacturing practices and intellectual 
property protection for the nutraceutical sector 

Good manufacturing practices (GMP) ensure product quality and 
safety and IP protection will provide the framework for innovation 
processes and proprietary formulations [27]. Several techniques 
need to be justified under GMP like SOPs, critical aspects of raw 
materials, different control environments, quality, and total quality 
management with lean manufacturing [39, 40]. The efforts with a 
systematic approach to control consumer confidence and regulatory 
compliance, as operational efficiencies will be improved the lower 
production costs and increase profitability [41]. IP protection is 
crucial in terms of formulations and delivery mechanisms, brand 
protection, market differentiation, confidential information, and IP 
portfolio management [42, 43]. Enforcing IP rights will be more 
innovative, especially with research instructions collaborating with 
nutraceutical companies with licensing agreements [44, 45]. With 
these combined strategies, nutraceutical companies can evolve and 
highly maintain competitive advancements in the regulated market 
[46-48]. 

The rapid growth necessitates strict adherence to GMP and robust 
intellectual property protection to ensure product safety, quality, 
and competitiveness. While GMP ensures product integrity and 
compliance with regulatory requirements, IP protection safeguards 
innovative ideas, formulations, and branding. The key elements of 
GMP in the nutraceutical sector must establish detailed SOPs for all 
manufacturing processes and finished products with quality control 
and quality assurance to ensure compliance with GMP standards, 
manufacturing facilities, and equipment design to prevent 
contamination, conduct regular GMP training for its employees, the 
recommendations for the documentation and record-keeping for the 
manufacturing process, including raw material sourcing, batch 
production, and distribution. The techniques for ensuring GMP 
adherence will depend on automation and digitalization which can 
improve packaging systems, reduce human error, and improve GMP 
compliance. Risk-based approaches like different assessment tools 
help identify and mitigate potential GMP violations before they occur 
[91]. Most of the successful examples of GMP adherence like 
Amway’s® Nutrilite® brand have conducted over 500000 quality 
checks annually ensuring its products meet global standards. 
Nestle® Health Science has implemented GMP practices across its 
global manufacturing facilities. Herbal Life® maintains a 
comprehensive GMP program, in-process testing, and post-market 
surveillance. According to a 2022 report global food safety initiative 
is approximately 85%, and the U. S. FDA issued 35 warning letters to 
dietary supplement manufacturing in 2021 for GMP violations, 
underscoring the importance of adherence. The recent World 
Intellectual Property Organization reported a 15 % increase in 
nutraceutical patent filings in 2022. In a 2021 survey by the 
International Trademark Association (INTA) 60% of nutraceutical 
companies identified IP protection as a top priority for sustaining 
market competitiveness. The opportunities of GMP can be improved 
with the help of blockchain technology, AI streamlining GMP, 
industry-wide collaborations with IP enforcement mechanisms, and 
education consumers can drive demand for quality nutraceuticals. 
According to a new study in 2022 by Deloitte nutraceuticals 
companies investing in GMP and IP protection saw a 20% higher 
market growth rate compared to those that did not [92]. 
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Yakult Honsha® is the company that has successfully protected its 
trade secrets related to probiotic formulations, which have impacted 
a competitive advantage in the global probiotic drink market for 
decades. Cargill® the company has enforced its patents for stevia-
based sweetener technology, which helps them significant revenue 
growth from its products. Abbott Laboratories has filed a lawsuit 
against a competitor for patent infringement on its Similac infant 
formula, which won the case, safeguarding its proprietary formula 
and reinforcing its position in the infant nutrition market. Nestle® 
Health Science defended trademarks and patents for its Boost and 
Resource brands in various international jurisdictions which 
strengthened brand recognition and market share globally [93]. 
Amway® Nutrilite® enforced trademark and patents against the 
counterfeiters attempting to sell imitation Nutrilite products, which 
reduced this activity and improved customer trust in Nutrilite as a 
premium nutraceutical brand. Herbalife® Nutrition took legal action 
against unauthorized sellers using its trademarks for counterfeit 
products which minimized unauthorized sales and improved brand 
reputation. DSM nutritional products litigated against IP violations 
for its omega-3 production patents which reserved its leadership in 
the market by blocking competitors from using patented methods 
[94]. GlaxoSmithKline® protected its patented formulations for 
Horlicks® from infringement which ensured market dominance for 
these popular products in the nutraceuticals segment. GNC patented 
its delivery systems for protein and multivitamin supplements and 
defended these patents in court and its products in a crowded 
market and ensured sustained customer loyalty. BASF will field 
patents and enforce legal rights for omega-3 encapsulation 
technologies to maintain a strong position in the encapsulated 
supplement market [95]. 

The promising market potential of nutraceuticals in global 
health 

According to market research data, the majority of nutraceutical 
products are sold by companies that are labelled as 100% natural 
[49]. From the market perspective, sectors such as dietary or 
nutraceutical products, as well as all fortified products, are 
commonly referred to as naturally safe and categorized as nutrients 
[50-52]. However, this view may seem ambiguous when considering 
customer health implications. Recent research has revealed that a 
significant 80% of consumers worldwide prefer nutraceutical 
products for their nutrients over pharmaceutical ones [53, 54]. 
However, a pertinent question arises: How can we ensure that these 
products are free from adulteration? This issue is compounded by 

the fact that many of these products do not adhere to regulatory 
guidelines and are subject to minimal regulatory scrutiny in the 
nutraceutical industry. As the demand for natural and sustainable 
products continues to rise, nutraceuticals are poised to play a crucial 
role in shaping the future of healthcare [55]. 

Enhancing standards: analytical and safety challenges in 
nutraceuticals 

Nutraceuticals are one of the most falling regulatory grey areas 
between foods and pharmaceuticals. Analytical testing is a more 
vital part in terms of product quality, safety, consistency, and 
achieving precise and accurate measurements because nutraceutical 
compounds are complex [56]. There are certainly some of the 
challenges this industry always facing like the diversity of bioactive 
compounds, lack of standardized testing protocols, analytical 
method development for complex matrices, quality control, and 
stability testing, and ensuring bioavailability and efficacy. Are 
diverse range of safety factors hindering nutraceutical production 
like the risk of contamination, adulteration and mislabelling, exact 
therapeutic doses, inadequate clinical and toxicology data, and 
compliance, and regulatory standards, rather than pre-market safety 
assessments remain a critical need for this industry [22]. But there 
both regulated and non-regulated countries are facing challenges in 
the nutraceutical industry, including patent violations or 
counterfeiting. In the nutraceuticals industry, it is essential to 
implement strategies to recognize innovators and enhance 
procedures, as this is paramount for progress [16]. Pharmaceutical 
products go through thorough analysis using advanced techniques 
such as HPLC and other validation processes like pre-clinical and 
clinical studies. The same level of analytical rigor should be 
implemented for nutraceuticals to improve their quality [55]. Any 
fault products can be identified efficiently through cross-sectional 
observation and official tests covering weight variation, 
disintegration, and evaluation techniques. Also, the concern for 
safety and cleanliness involves managing heavy metal 
contaminations in nutraceutical raw materials [7]. 

The articles selected for this review were sourced from specialized 
databases, including Elsevier, PubMed, and Cambridge, covering 
2016 to 2024. The keywords used for the search included 
"Nutraceuticals", "Intellectual Property Rights", "Clinical Trials 
Regulations", "Public Health", "Industry" and "Regulated Markets". 
Also, the additional resources were drawn from Springer, Wiley, 
internet sources, and online publications such as The Lancet, 
Medscape, Elsevier Science Direct, and StatPearls. 

 

 

Fig. 3: Establishing optimal product safety protocols for future company use cases in new product development 
 

Balancing community interests and product integrity  

The rapid growth of this sector has raised a complex issue like product 
integrity, and community interests, including public health, cultural 

practices, and environmental sustainability [55]. To maintain this all 
the factors need the best safety and efficacy policy is essential to 
building a sustainable and ethical nutraceuticals market. In most cases, 
small and medium-sized businesses focusing on traditional or local 
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products may face a meet the standards due to financial or logistic 
constraints [56, 57]. Traditional knowledge is a cornerstone of this 
industry because many products are derived from Indigenous 
practices and ethnobotanical sources [58]. To balance product 
integrity with community interest nutraceuticals companies should 
adopt sustainable sourcing practices that minimize ecological impact 
while supporting biodiversity [59]. The high cost of premium 
nutraceuticals is always inaccessible to low-income groups which 
contributes to health inequities. Some multiple strategies and benefits 
foster balancing community interest and product integrity as like 
adoption of rigorous standards with flexibility, consumer education, 
integration through benefit-sharing models, enabling pricing and 
distribution models, and collaboration with regulatory bodies these 
are essential for the nutraceutical industry’s long-term success [60]. 

Advancing nutraceutical literacy for healthcare providers 

Advancing nutraceutical literacy among healthcare providers is 
essential to bridging the gaps with factors like knowledge gaps, 
informed patient outcomes, and supporting informed decision-
making in integrative and preventive healthcare [61]. The 
knowledge gaps have led to inconsistent recommendations, 
overlooking drug-nutrient interactions to recognize conditions that 
may benefit from nutraceuticals. There are certain barriers to 
nutraceutical literacy limited education in medical training of 
nutraceuticals, lack of standardized information and research, the 
complexity of nutraceutical regulations, and challenges in accessing 
reliable resources, also making it difficult to find high-quality data 
on dietary supplements and other natural products [62]. Strategies 
that can help advance nutraceutical literacy as medical and nursing 
curricula, develop continuing education programs, and create 
accessible resources such as databases of nutraceuticals, digital 
technology applications, and clinical practice guidelines to give 
informed advice based on current best practices [63]. The evidence-
based practice as personalized medicine, naturopathic practitioners, 
well-rounded patient care, understanding of the science of 
nutraceuticals, funding activity, regulatory complexity, and 
understanding of long-term safety and efficacy. All aspects provide 
several outreach for extended beyond individual patient care [64]. 

Ensuring purity in nutraceuticals: tackling adulteration for 
public health 

Nutraceuticals rapid growth has also brought challenges, 
particularly in the issues of adulteration. The adulteration has direct 
and indirect consequences on public health intended health benefits, 
maintaining consumer trust, and harmful substances.  

The rapid expansion of this industry has also increased the 
prevalence of adulteration and mislabelling, posing significant risks 
to consumer health and product integrity. Product adulteration 
refers to the addition of non-declared substances, contaminants, or 
inferior-quality materials to a product. These practices undermine 
the efficacy, safety, and trustworthiness of nutraceutical products. A 
report of 2022 by per World Health Organization found that 30% of 
dietary supplements sold globally contain undisclosed or banned 
substances, also in 2016 to 2022 of US FDA identified over 700 
tainted supplements primarily in weight loss, sexual enhancement, 
and muscle-building products [96]. The published study in 2020 
revealed that 21% of herbal supplements tested in North America 
contained pharmaceutical contaminants. The global economic loss 
due to counterfeit and adulterated nutraceuticals is estimated to 
exceed $25 billion annually. India alone counterfeit dietary 
supplements caused losses exceeding $ 2 billion in 2021 as per the 
Indian Council for Research on International Economics Relations 
[96]. In the years 2018 and 2021 over 50,000 adverse events linked 
to contaminated supplements were reported to the FDA, in 2019 
outbreak in Europe linked to adulterated weight loss supplements 
caused severe liver damage in 40% of affected individuals leading to 
multiple fatalities. A study has been conducted in Southeast Asia 
found that 15% of Ayurvedic supplements contain lead levels 
exceeding safe limits [97]. 

There are different types of adulteration in nutraceuticals as 
pharmaceutical adulteration, chemical and heavy metal 
contamination, synthetic and cheap fillers, and botanical 
adulteration and mislabelling [65]. Adulterated nutraceuticals have 
several health risks for consumers such as acute toxicity liver 

damage, and seizures, also there are long-term health effects such as 
neurological impairment and increased risk of cancer. Strategies for 
tackling adulteration in nutraceuticals need advanced analytical 
methods, establishing supplier audits and verification, certification, 
labelling, and blockchain technology, all the aspects will be identified 
under mandatory product testing and registration, strict labelling 
requirements, and harmonizing global standards to exceed 
maximum quality and promote consumer safety [56]. Most 
commitments to purity not only support public health but also 
reinforce the industry's role in promoting wellness through safe, 
effective products. Recent research has revealed that approximately 
80% of consumers worldwide prefer nutraceutical products for their 
nutrients over pharmaceutical products. However, the concern 
remains whether these products are free from adulteration. This is 
because many of these products do not adhere to regulatory 
guidelines established by authorities, resulting in minimal regulatory 
control over the nutraceutical industry in various countries [40]. This 
sector will be saturated with the help of the e-pharmacy domain. In 
most cases, all nutraceutical products are safely shipped and delivered 
to the consumer's end. Consumers are often unaware of whether they 
are consuming natural or adulterated products. Nutraceutical 
products may be adulterated at various stages, including 
manufacturing, raw material collection, and storage. This can lead to 
contamination by microbial agents, heavy metals, and pesticides [66]. 
These factors will have a significant impact on health, potentially 
causing liver damage, bone disease, and even life-threatening 
conditions. Logic is maintained by managing the management of raw 
materials and finished products, which are subject to clinical 
specifications. The statistical method plays a crucial role in ensuring 
the stability of any activity [67]. It is essential for the success of a 
product in the marketplace. Recent studies have indicated that a 
majority of nutraceuticals are found to contain heavy metal 
contaminants because they have not undergone proper clinical testing. 
Some risks can be intentionally used to manipulate nutritional 
products for profit, however, the pharmacological effects on the 
human body from such product use remain uncertain. A multitude of 
naturally occurring elements have played a crucial role in the creation 
of new products and the treatment of various conditions, including 
metabolic metabolism, physical disease, skin disorders, and some 
types of cancer[68]. It should primarily be an indication of industry 
norms and regulatory frameworks, as well as licensing regimes. 
Therefore, the government and healthcare professionals must 
establish adequate regulations and guidelines, as well as implement 
targeted pre-and post-marketing monitoring to protect and provide 
optimal community support [69]. 

There are current regulatory approaches to tackling adulteration 
like the WHO and FAO established international food safety 
standards, including for dietary supplements. ISO 22000 outlines 
specific requirements for food safety management systems 
applicable to the nutraceuticals sector. The US FDA has been 
compliant and is mandatory for U. S.-based manufacturers. In 
European Food Safety Authority (EFSA) oversees product approval 
and monitors contaminants through its Rapid Alert System for Food 
and Feed (RASFF). India the food safety standards authority of India 
mandates product registration and adherence to stringent quality 
standards [98]. A 2020 study by the University of Guelph found that 
DNA barcoding reduced adulteration rates by 25 % in monitored 
samples. In India 18% of tested products were found to be 
adulterated, leading to the suspension of several manufacturing 
licenses. To address these challenges variations in safety standards 
and enforcement mechanisms across countries create loopholes for 
adulterators. Regulatory agencies often face budget limitations 
which also hinder their ability to conduct comprehensive testing and 
surveillance [99]. Also lack the knowledge to identify adulterated 
products, particularly in online marketplaces. The globalized nature 
of supply chains makes it difficult to trace contamination sources. 
Improved regulation of the active recommendation-like framework 
for global nutraceutical quality standards, should be adopted to 
detect contaminants more effectively, imposing harsher penalties on 
manufacturing found guilty of adulteration can deter malpractice. 
Public awareness initiatives should be launched to educate 
consumers about the risks of adultery [100]. 
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Table 1: Clinical advancements in diabetes research for justifying the role of nutraceuticals in therapeutic applications 

Clinical trail 
ID no/Drug 

Sponsor name Enrolled 
candidate 

Sexes eligible 
for Study 

Disease/treatment 
given 

Phase 
 

Country Study type Study start/End 
date 

Ages eligible 
for study  

Study plan References 

NCT05753436
/Curcumin  

Ain Shams University 72 All (Male and 
Female) 

Diabetes Mellitus, 
Type 2 

Phase 2 Egypt Interventional 2023-07-
01/2024-05 

40 y Randomized [79] 

NCT03262363
/Curcumin  

Unidad de Investigation 
Medica an 
Enfermedades Renales 

176 All Diabetes Mellitus, 
Type 2 
 

Phase 2 
Phase 3 

Mexico Interventional 2017-08-
18/2018-05-28 

18 y to 90Y  
(Adult, Older 
Adult) 

Randomized 

NCT02908152
/Curcumin  

National Nutrition and 
Food Technology 
Institute 

50 All Type 2Diabetes  Phase2 
Phase 3 

Iran Interventional 2017-02-
10/2017-10-10 

30 y to 65Y  
(Adult, Older 
Adult) 

Randomized 

NCT02216552
/Resveratrol 

University of Manitoba 10 All Type 2Diabetes  Phase 2 
Phase 3 

Canada Interventional 2015-08/2017-
03-20 

13 y to 18 y  
(Child, Adult) 

Randomized 

NCT01881347
/Resveratrol 

Boston University 54 All Type 2 Diabetes 
Mellitus 

Not Applicable United 
States 

Interventional 2013-01-
01/2016-07 

21 Y to 75 Y  
(Adult, Older 
Adult) 

Randomized 

NCT01038089
/Resveratrol 
 

Boston University 20 All Type 2 Diabetes 
Mellitus 

Not Applicable United 
States 

Interventional 2010-01/2010-
12 

21 Y to 80 Y  
(Adult, Older 
Adult) 

Non-
Randomized 

NCT00951912
/Genistein 

Sun Yat-sen University 165 Female Type 2 Diabetes 
Mellitus 

Not Applicable Guangdon
g,China 

Interventional 2009-08/2011-
09 

30 Y to 70 Y  
(Adult, Older 
Adult) 

Randomized 

NCT01839344
/Quercetin 

Bastyr University 19 All Type 2 Diabetes 
Mellitus 

Phase 2 United 
States 

Interventional 2013-05/2015-
03 

18 Y to 75 Y  
(Adult, Older 
Adult) 

Randomized 

NCT02263352
/lycopene 

Panineeya 
Mahavidyalaya Institute 
of Dental Sciences and 
Research Centre 

40 All Type 2 Diabetes 
Mellitus 

Phase 4 India, 
Hyderaba
d 

Interventional 2013-01/2013-
08 

35 Y to 50 Y  
(Adult) 

Randomized 

NCT04299763
/Beta-Glucans 

Centro de 
EstudiosenAlimentación 
y Nutrición, Chile 

37 All Type 2 Diabetes 
Mellitus 

Phase 2 Chile, 
Talca 

Interventional 2018-06-
19/2019-01-18 

30 to 45 y(Child, 
Adult, Older 
Adult) 
 

Randomized 

NCT01003236
/Silymarin 

Shiraz University of 
Medical Sciences 

60 All Type II diabetes 
 

Phase 2 
 

Iran, 
Shiraz 

Interventional 2010-10/2011-
11 

30 Y to 70 Y 
(Adult, Older 
Adult) 

Randomized 

NCT00425009
/Berberine 
 

Shanghai Jiao Tong 
University School of 
Medicine 

70 
 

All Type II diabetes 
 

Phase 1 
Phase 2 

China, 
Shanghai 

Interventional 2004-01/2004-
12 

25 Y to 75 Y  
(Adult, Older 
Adult) 

Randomized 

NCT04009889
/Probiotic 
Blend  
(Lactobacillus 
rhamnoses 
GG+Lactobacil
lus jensenii)  
 

I-Health, Inc. 170 Female Gestational Diabetes 
Mellitus in Pregnancy 

Not Applicable Germany, 
Kiel 

Interventional 2018-04-
05/2020-06-12 

18 Y and older 
(Adult, Older 
Adult) 

Randomized 

NCT05296759
/Amino Acids 

Alexandria University 30 All 
 

Diabetic Neuropathies Phase 4 Egypt Interventional 2021-02-
01/2022-03-08 

(Child, Adult, 
Older Adult) 

Non-
Randomized 

NCT03749642
/Diabetic 
Kidney 
Disease 

AziendeChimicheRiunite 
Angelini Francesco S. p. 
A 

240 All Diabetic Neuropathy Phase 2 Czechia, 
France, 
United 
Kingdom, 
Poland, 
France 

Interventional 2018-11-
22/2020-06-06 

18 Y to 75 Y  
(Adult, Older 
Adult) 

Randomized 

NCT03325322
/Fisetin  

Mayo Clinic 30 All Diabetic 
Nephropathies 

Phase 2 United 
States 

Interventional 2018-01-
02/2026-12 

40 Y to 80 Y 
(Adult, Older 
Adult) 

Randomized 



B. Adhikari & D. N. Venkatesh 
Int J App Pharm, Vol 17, Issue 2, 2025, 39-52 

46 

Navigating IPR enforcement challenges for nutraceuticals in 
developing regions 

Nutraceuticals, which are relatively new and have not yet been regulated 
by government, are classified as emerging nutraceuticals. The products 
that are regulated by the government are known as nutraceuticals, 
which are long-term products [70]. Arunabha Ray et al. discuss 
nutraceutical regulations across the United States, European Union, 
Japan, China, and India, highlighting key legislative acts like the Dietary 
Supplement Health and Education Act (DSHEA) in the U. S. and the EU’s 
Directive 2002/46/EC. Each region has unique rules for product claims, 

approvals, and oversight by entities such as the China Food and Drug 
Administration (CFDA) and the Food Safety and Standards Authority of 
India (FSSAI) [71]. The analysis underscores the importance of aligning 
with evolving regulations for0 consumer safety and effective market 
access [65]. The article highlights the necessity of evaluating, analysing, 
and authoring product trials, licensing, and formulating accurate health 
claims to gain access to significant portions of the Indian and 
international nutraceutical market [72]. The continuous evolution of 
nutraceutical regulations highlights the importance of consistent 
updates and advancements to ensure the safe and effective utilization of 
these products for consumers [65]. 

  

 

Fig. 4: Challenges faced by nutraceutical companies in recent times for product development 

 

Standardized regulations are important in addressing the close 
relationship between healthy foods, nutraceuticals, and medicines 
through implementing new IPR rules to meet consumer needs. The 
considerable size and growth potential of the global nutraceutical 
market are highlighted, with the US, Japan, and Europe emerging as 
key players. The scientific basis and market importance of 
nutraceutical products for future opportunities in global health and 
wellness innovation [37]. 

A focus will be given to investigating how much the level of external 
openness within research and development operations is associated 
with the innovation power and inventiveness of these companies [73]. 
The study examines product and process inventions, as well as the 
percentage of transactions from new products, as indicators of 
innovation performance. As international trade expands, it is apparent 
that non-conformist IPR and indigenous knowledge systems conflict 
[74]. The surge in efforts in medicinal and biotechnology, as well as a 
growing interest in natural remedies and supplements, has led to the 
commercialization of bio-resources and traditional knowledge [75]. 
The uncovers critical features of open innovation that bring about 
societal advantages, providing valuable insights for organizations and 
policymakers. It also uses a typology of the literature and an analysis 
of benefits gaps to help develop effective policy measures [76]. The 
need for responsible innovation strategies emphasizes that effective 
regulatory policies must address critical innovation issues [77, 78]. 
Legal rights have been facing the challenges of global infringements, 
high costs, and technological barriers. Most of the threats need to be 
justified with new business strategies and the economic trust of 
consumers. Also integration of the IP audits, training programs, legal 
partnerships, legislation, global cooperation, and awareness 
campaigns. The future will be trends in intellectual property (IP) 
management on AI in IP management, sustainable considerations, and 
global harmonization [75]. It highlights the significance of clear joint 
venture agreements to determine patent ownership. Additionally, it 

stresses the importance of monitoring the market for potential patent 
infringements [73]. 

Thinking and navigating the nutraceutical landscape 

In today's rapidly evolving world, the interaction between academia 
and industry plays a crucial role in driving innovation, economic 
growth, and societal progress. In many parts of the world aging 
populations are looking towards improving their quality of life, 
managing chronic diseases, and also reducing medical interventions. 
The development in food science and biotechnology has enabled the 
formulation of advanced nutraceuticals, there are products like 
probiotics, prebiotics, and products with enhanced bioavailability 
[63]. In most cases regulatory aspects in different countries like the 
USA are not required to undergo pre-market approval, in Europe 
requires scientific substantiation before products can advertise 
benefits, in Japan foods with function claims have more flexible 
requirements, in India they have recently updated aim to define 
standards for ingredient safety, labelling, and permissible health 
claims [66]. Most nutraceutical products have been facing unique 
challenges like the variability of natural ingredients, the high cost of 
clinical trials, and insufficient regulatory limitations on health 
claims. Standardizing formulations and dosages for clinical research 
is crucial for nutraceutical research but it’s challenging. In product 
development, there should be a need the focus on encapsulation 
techniques, nanoemulsions, and fermentation. The advanced 
delivery systems are re-shaping the nutraceuticals market under the 
category of innovation like gummies and chewable for younger 
populations, powders, and functional beverages to add supplements 
to food or drinks, sublingual and transdermal delivery which have 
been used as nutraceuticals particularly those sensitive to stomach 
[57]. Navigating the nutraceuticals landscape has global demand and 
opportunities in emerging markets, where interest in preventive 
health and wellness is growing [75]. 
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Table 2: Disease-specific intellectual properties filed under the nutraceuticals category over the past decade 

Id Title Assignee Inventor/author Priority 
date 

Filing/creation 
date 

Publication 
date 

Grant date Used disease References 

US-10842797-B2 Nutraceutical co-crystal compositions University Of South Florida Michael john 
zaworotko et al. 

06-06-2007 24-05-2019 24-11-2020 24-11-2020 Vitamin E 
deficiency 

[80] 

EP-3057604-B1 Nanoparticle compositions and methods as 
carriers of nutraceutical factors across cell 
membranes and biological barriers 

Nanosphere health sciences 
Inc. 

Richard clark 
kaufman 

14-10-2013 14-10-2014 09-06-2021 09-06-2021 Improved 
antioxidant 
deficiency 

US-2019201363-
A1 

Oils with anti-inflammatory activity containing 
natural specialized pro-resolving mediators 
and their precursors 

Solutex Na Llc 
 

Gerhardus Lucas 
Bannen Berget al., 

10-05-2012 08-03-2019 04-07-2019 Not yet 
granted 

Ameliorating 
Anti-
inflammatory 
activity  

US-11813272-B2 Active agents and methods of their use for the 
treatment of metabolic disorders and non-
alcoholic fatty liver disease 

Flagship Pioneering 
Innovations V, Inc. 

Steven John Taylor 
et al., 

05-06-2018 17-11-2020 17-11-2020 14-11-2023 Liver Diseases  

US-10842752-B2 Pharmaceutical or nutraceutical composition 
with sustained release characteristics and 
with resistance against the influence of 
ethanol 

Evonik Operations Gmbh Priyanka Bansilal 
Haksar et al., 

27-08-2012 18-10-2012 24-11-2020 24-11-2020 
 

Gastro-
resistant 
activity 

TW-I432147-B Dietary supplements for the promotion of 
growth, repair, and maintenance of bone and 
joints 

Novus Int Inc Jeremy D Moore et 
al., 

06-06-2007 06-06-2008 01-04-2014 01-04-2014 Promoting 
growth, repair, 
and 
maintenance 
of bones 

US-8114445-B2 Dietary supplements for promoting wellness 
and weight loss and methods of administering 
the same 

Reliv International Inc. Carl W. Hastings 07-11-2008 05-11-2009 14-02-2012 14-02-2012 Weight Loss 

EP-2303311-B1 Angiogenin for use in treating skeletal muscle 
disorders 

Agriculture Victoria Services 
Pty Ltd, Saputo Dairy 
Australia Pty Limited 

Matthew Donaghet 
al., 

14-05-2008 14-05-2009 01-08-2018 01-08-2018 Skeletal 
Muscle 
disorders 

CA-2377627-C Cartilage-enhancing food supplements and 
methods of preparing the same 

Joint Juice Incorporated, 
Kevin R. Stone, Premier 
Nutrition Corporation, Post 
Holdings, Inc. 

Kevin R. Stone 
 

22-06-1999 21-06-2000 07-06-2011 07-06-2011 Improving 
cartilage  

AU-2003270537-
B2 

Methods and compositions for the production 
of flavonoid and isoflavonoid nutraceuticals 

The Samuel Roberts Noble 
Foundation, Inc. 

Bettina Deavours et 
al., 

10-09-2002 10-09-2003 20-03-2008 20-03-2008 Anti-cancer 
activity 

US-7014872-B2 Herbal nutraceutical formulation for diabetics 
and process for preparing the same 

Council Of Scientific And 
Industrial Research 

PalpuPushpangadan 
et al. 

26-03-2002 26-03-2002 21-03-2006 21-03-2006 Diabetics 
Activity 

US-2022168324-
A1 

Cancer therapy Ned Biosystems, Inc. Rebecca Lambert 
BENT 

12-04-2013 02-07-2021 02-06-2022 Not Granted 
Yet 

Cancers of 
epithelial 
origin 

US-10517322-B1 Dietary supplement formulations for 
promoting sleep 

Life Kitchen, LLC 
 

James Wukjae Lee 19-03-2018 18-03-2019 31-12-2019 
 

31-12-2019 
 

Improving 
Sleep 
Conditions 

US-11026441-B2 Avocado flesh and/or skin extract rich in 
polyphenols and cosmetic, dermatological, and 
nutraceutical compositions comprising the 
same 

LaboratoiresExpanscience 
 

Alex Saunois et al., 22-12-2010 30-08-2018 08-06-2021 08-06-2021 Skin 
Enhancing 
Activity 

US-9861611-B2 Formulations of water-soluble derivatives of 
vitamin E and soft gel compositions, 
concentrates, and powders containing the 
same 

Virun, Inc. Philip J. Bromley 18-09-2014 25-09-2015 09-01-2018 09-01-2018 Improved 
Nutrition 
Activity  
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Fig. 5: Nutraceutical companies must embrace emerging trends for future success 

 

Ethical and regulatory considerations 

The lack of robust regulatory frameworks in an under regulated 
market exacerbates the risk of malpractices such as mislabelling, 
adulteration, and misleading health claims. Ethical consumer 
practices in the nutraceuticals industry depend on the three possible 
reach profitability vs ethical responsibility, quality assurance, and 
ethical business models which can lead an initiative to provide 
affordable supplements for underprivileged communities while 
ensuring GMP compliance. Also, most unregulated markets face 
challenges like adulteration and contamination, mislabelling, and 
market entry of substandard products, which undermine consumer 
trust [101]. In 2021, a study revealed that over 30% of 
nutraceuticals in an emerging market were mislabelled with some 
containing unlisted pharmaceutical ingredients. The global 
disparities in regulations in the USA manufacturers are not required 
to prove efficacy before marketing leaving room for unsubstantiated 
claims, Europe has mandated scientific validation of health claims 
offering a more robust regulatory framework and Asia and Africa 
lack dedicated regulatory bodies for nutraceuticals creating 
significant risks for consumers. In between of that harmonizing 
global regulatory standards can help address disparities and ensure 
product quality worldwide. Organizations like the World Health 
Organization (WHO) can facilitate knowledge sharing and capacity 
building for under regulated markets [102]. Also, there are 
strategies like strengthening those regulations like mandatory 
product testing, clear labelling requirements, and establishing 
independent regulatory bodies and public awareness campaigns this 
can result in a market dominated by high-quality products. 
Quantitatively insights according to a 2020 report up to 25% of 
nutraceutical products worldwide were found to contain 
contaminants or unlisted ingredients posing serious health risks for 
active consumer trust and economic impact which lacks trust in the 
efficacy and safety of nutraceuticals [103]. By prioritizing ethical 
responsibility and regulatory compliance, the nutraceutical industry 
can achieve sustainable growth and continue to contribute to global 
health and wellness [104]. 

Future potential and challenges for nutraceuticals 

The nutraceuticals industry holds significant promise for advancing 
public health and addressing chronic disease burdens. Adopting 
international standards, promoting mutual recognition agreements, 
and streamlining labelling requirements will demonstrate progress 
toward harmonization. The incentivize private investments, expand 
public funding, integrate academic research, and promote open 
science initiatives can accelerate innovation through R and D 
outcomes on natural health products and supplements. The 
collaboration like developing cross-sector partnerships, training 
healthcare providers, and incorporating nutraceuticals in preventive 
care in disease prevention programs [105]. Ethical actions need to 

justify these gaps strengthen ethical marketing practices, invest in 
sustainable sourcing, and certify supply chains to promote product 
safety and sustainability. The rise of plant-based nutraceuticals 
demonstrates a shift towards more sustainable options. Addressing 
the market inquiries with the recommendations of subsidized 
nutraceuticals programs, capacity building in regulations, expand 
distribution networks example the WHO has assisted African nations 
in drafting nutraceutical regulations [106]. Embracing digital 
technologies like leveraging AI and Big data, developing digital 
platforms, and promoting telehealth integration to help all 
nutraceutical companies and products expand their market reach. 
By adopting these actionable recommendations the nutraceutical 
sector can balance profitability with public health priorities ensuring 
long-term success and impact [107]. Also rather countries like China, 
India, and Brazil have growth opportunities, because of their rising 
middle-class populations which shows the shift toward Westernized 
health practice. India’s nutraceuticals market is expanding to 
understand and cater to the cultural and regulatory prospects to 
benefit from expanding demand. The active technology transfer in 
food science, biotechnology, and material science enables the 
development of more advanced nutraceutical products [53]. 
Innovations like sublingual sprays, transdermal patches, and 
functional beverages make it easier for active consumer groups to 
integrate nutraceuticals into their daily routines. Investment in 
clinical research will be vital to substantiating health claims and 
fostering collaboration between nutraceutical companies and the 
healthcare sector. Most company needs to be focused on health 
outcomes and targeting niche markets which can help companies 
establish a strong position in the nutraceuticals landscape [60]. The 
best ethical business models in this sector will also support long-
term industry credibility and consumer trust. Also, there is 
conventional medicine can be improved by regular validation in 
clinical applications and the application of reliable therapeutic 
agents [49]. To realize the market potential in the national and 
international markets, critical challenges related to nutraceutical 
products must be addressed [76-78]. 

CONCLUSION 

A sustainable, ethical, and innovation-driven nutraceuticals industry 
is within reach, provided that stakeholders prioritize collaboration 
and long-term planning. By focusing on the multifaced reach actions, 
consumer engagements are merely profit-oriented to becoming a 
key player in global public health initiatives. The place should be 
addressed with the help of the best ecosystems with incentivize 
ethical practices and technological advances. The road ahead 
demands collective action. The regulators, manufacturers, 
researchers, and healthcare providers must unite in developing this 
industry that not only meets market demands but also improves 
lives across all socioeconomic strata. A best-harmonised evidence-
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based and transparent nutraceutical industry can act as a 
cornerstone for healthier global populations and sustainable 
economic growth. Also, this journey towards the nutraceuticals 
market or product development realizing this potential is shaped 
impact on public health activity. However, careful planning and 
execution, short-term problem solving, and embracing new tools 
such as data analytics and artificial intelligence can also prove 
invaluable in transforming nutraceuticals into opportunities for 
growth and success. There are regulatory approaches that can create 
complexities for companies seeking to operate globally. Without any 
harmonized regulatory framework most companies need to invest 
additional resources in their product development and labelling to 
meet each region's specific requirements. There is scientific 
validation including high research costs, adulteration, bioavailability, 
ethical and environmental considerations, unrealistic expectations 
practices, clear labelling, and collaboration with healthcare 
providers, these can become a cornerstone of the preventive 
healthcare approach also the holistic vision of healthcare in the 
years to come. The future of nutraceuticals is filled with promise and 
complexity. These aspects might involve reconsidering the patent 
system to promote innovation and ensure that crucial products 
remain accessible to everyone. Collaborating can guarantee that all 
individuals can access the advantages of this swiftly expanding 
sector, and can enhance public health results for future generations. 
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