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Abstract: 

The increasing prevalence of lifestyle-related diseases and growing consumer preference for natural health 

products have accelerated the global demand for nutraceuticals. Nutraceuticals are bioactive substances 

derived from food sources that provide health benefits beyond basic nutrition and play an important role in 

health promotion and disease prevention. Common nutraceuticals include dietary fibers, probiotics, prebiotics, 

omega-3 fatty acids, vitamins, minerals, antioxidants, and plant-derived bioactive compounds, which have 

been associated with reducing the risk of chronic diseases such as diabetes, cardiovascular disorders, obesity, 

osteoporosis, and cancer. Despite their widespread use, concerns regarding product quality, safety, efficacy, 

contamination, and misleading health claims emphasize the need for comprehensive safety assessment and 

effective regulatory oversight. Regulatory frameworks for nutraceuticals vary considerably across countries, 

creating challenges in product classification, quality standards, labeling, and market approval. This review 

summarizes the current regulatory requirements, scientific approaches to safety evaluation, and the major 

challenges associated with nutraceuticals. It also highlights the need for harmonized regulations, robust quality 

control, and continuous post-market surveillance to ensure consumer safety and support the responsible 

development of nutraceutical products. 
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Introduction 

Nutraceuticals are products derived from food sources that provide health benefits beyond basic nutrition 

and may help promote health, improve physiological functions, or reduce the risk of disease [1]. The term 

"nutraceutical," coined by Stephen DeFelice in 1989, combines the words nutrition and pharmaceutical and 

refers to naturally occurring bioactive substances that contribute to health maintenance and disease prevention. 

Nutraceuticals include vitamins, minerals, probiotics, prebiotics, omega-3 fatty acids, dietary fibers, herbal 

extracts, amino acids, and other phytochemicals that are available in the form of capsules, tablets, powders, 

beverages, and fortified foods [1,2]. Owing to their perceived safety and therapeutic potential, these products 

have become an integral part of preventive healthcare and wellness strategies worldwide. Although 

nutraceuticals are often used interchangeably with functional foods and dietary supplements, they differ in 

their composition, intended use, and regulatory classification. Functional foods are conventional foods that 

naturally contain or are enriched with bioactive ingredients capable of providing additional physiological 

benefits when consumed as part of a regular diet. Dietary supplements are concentrated sources of nutrients 

or bioactive substances intended to supplement normal dietary intake and are generally marketed in dosage 

forms such as tablets, capsules, or powders. Pharmaceuticals, in contrast, are medicinal products specifically 

intended for the diagnosis, treatment, or prevention of diseases and require extensive preclinical and clinical 
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evaluation before regulatory approval. Nutraceuticals occupy an intermediate position between foods and 

medicines, making their classification and regulation more complex across different regulatory jurisdictions 
[2,3]. The global nutraceutical market has experienced remarkable growth in recent years, driven by increasing 

health consciousness, changing lifestyles, urbanization, rising healthcare costs, and an aging population. 

Consumers are increasingly seeking natural products that support immunity, cardiovascular health, metabolic 

function, cognitive performance, digestive health, and overall well-being. Advances in nutritional science, 

biotechnology, and food processing have further accelerated the development of innovative nutraceutical 

products, making them widely accessible through healthcare providers, pharmacies, and online platforms [1,3]. 

Despite their widespread acceptance, nutraceuticals are not free from safety concerns. Variability in raw 

materials, contamination with heavy metals, pesticides, microorganisms, and adulterants, inaccurate labeling, 

excessive consumption, and potential interactions with prescription medications may compromise product 

safety and efficacy. Furthermore, many nutraceutical products are marketed with limited scientific evidence 

supporting their clinical benefits, raising concerns regarding misleading health claims and consumer 

protection [2,4]. These challenges emphasize the importance of comprehensive safety assessment involving 

quality evaluation, toxicological studies, stability testing, manufacturing standards, and post-market 

surveillance. 

Classification 

 

                                        figure 1. classification of nutraceuticals [1,5] 

Importance of Safety Assessment 

The safety assessment of nutraceuticals is essential to ensure that these products are safe, effective, and of 

consistent quality before they reach consumers. Although nutraceuticals are generally perceived as natural and 

safe, they may still pose health risks if their quality, composition, or dosage is not properly evaluated [1,2]. 

1.Consumer Protection-Consumer protection is the primary objective of safety assessment. Scientific 

evaluation helps ensure that nutraceuticals are free from harmful substances and are supported by accurate 

labeling and evidence-based health claims. This minimizes the risk of adverse health effects and promotes the 

safe use of these products [2,5]. 
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2.Product Quality-Quality assessment ensures that nutraceutical products are manufactured consistently and 

meet established standards for identity, purity, potency, and stability. Compliance with Good Manufacturing 

Practices (GMP) and quality control testing helps maintain product reliability and prevents batch-to-batch 

variations [2,4]. 

3.Prevention of Toxicity-Although many nutraceutical ingredients originate from natural sources, excessive 

intake or inappropriate use may result in toxic effects. Safety evaluation includes toxicological studies to 

determine safe dosage levels and identify potential adverse effects associated with long-term or high-dose 

consumption [1,2]. 

4.Avoiding Contamination-Raw materials used in nutraceutical production may become contaminated with 

heavy metals, pesticides, microbial pathogens, mycotoxins, or adulterants during cultivation, processing, or 

storage. Comprehensive quality testing and regulatory compliance help detect and eliminate such 

contaminants, thereby ensuring product safety [5,4]. 

5.Herb–Drug Interactions-Several herbal ingredients may interact with prescription medicines by altering 

their absorption, metabolism, or therapeutic activity. Such interactions can reduce drug effectiveness or 

increase the risk of adverse reactions. Therefore, evaluating potential herb–drug interactions is an important 

component of nutraceutical safety assessment [1,2]. 

6.Long-Term Health Effects-Many nutraceuticals are consumed regularly for extended periods. Long-term 

safety assessment is necessary to identify cumulative toxicity, chronic adverse effects, and risks associated 

with prolonged exposure. Post-market surveillance and adverse event monitoring contribute to the continuous 

evaluation of product safety after commercialization [2,5]. 

7.Public Confidence-A robust safety assessment system enhances consumer trust by ensuring that 

nutraceutical products meet established standards for quality, safety, and efficacy. Transparent regulatory 

oversight and scientific evidence strengthen public confidence and support the responsible growth of the 

nutraceutical industry [5,4]. 

Global Regulatory Framework for Nutraceuticals 

The regulation of nutraceuticals differs considerably across countries because there is no universally 

accepted definition or harmonized regulatory framework. Depending on the jurisdiction, nutraceuticals may 

be regulated as foods, dietary supplements, natural health products, or complementary medicines. Regulatory 

authorities focus primarily on ensuring product quality, safety, accurate labeling, manufacturing standards, 

and substantiation of health claims before products are marketed [1,2].  

1.World Health Organization (WHO)-The World Health Organization (WHO) does not directly regulate 

nutraceuticals but provides international guidelines to support member countries in developing regulatory 

systems. WHO emphasizes quality assurance through Good Agricultural and Collection Practices (GACP), 

Good Manufacturing Practices (GMP), safety evaluation, quality control, and pharmacovigilance for products 

containing natural ingredients [4]. 

2.United States – Food and Drug Administration (FDA)-In the United States, nutraceuticals are primarily 

regulated as dietary supplements under the Dietary Supplement Health and Education Act (DSHEA), 1994. 

The FDA monitors product safety, labeling, manufacturing practices, and post-market surveillance. Unlike 

pharmaceutical products, dietary supplements generally do not require pre-market approval unless they 

contain a new dietary ingredient [6]. 

3.European Union – European Food Safety Authority (EFSA)-Within the EFSA deliver scientific 

perspective regarding the safety of food ingredients and evaluates health claims sent by manufacturers. Health 

claims must be supported by robust scientific evidence before authorization, ensuring consumer protection 

and preventing misleading information [7]. 

4.India – Food Safety and Standards Authority of India (FSSAI)-In India, nutraceuticals are regulated by 

the Food Safety and Standards Authority of India (FSSAI) under the Food Safety and Standards (Health 

Supplements, Nutraceuticals, Food for Special Dietary Use, Food for Special Medical Purpose, Functional 

Food and Novel Food) Regulations, 2022. These regulations specify permitted ingredients, manufacturing 
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standards, labeling requirements, permissible health claims, and quality parameters to ensure product safety 

and consumer protection [3]. 

5.Canada-Canada regulates nutraceuticals as Natural Health Products (NHPs) under the Natural Health 

Products Regulations. Manufacturers must obtain product licensing by submitting evidence of safety, quality, 

and efficacy before commercialization. Licensed products receive a Natural Product Number (NPN), 

indicating regulatory approval [8]. 

6.Australia-In Australia, nutraceuticals are regulated by the Therapeutic Goods Administration (TGA) as 

complementary medicines. Products must comply with Good Manufacturing Practice (GMP), quality 

standards, and labeling requirements. Higher-risk products undergo pre-market evaluation, while lower-risk 

products are listed with the TGA [9]. 

7.Japan-Japan regulates nutraceuticals through the Foods for Specified Health Uses (FOSHU) and Foods 

with Function Claims (FFC) systems. Products carrying approved health claims must demonstrate scientific 

evidence supporting their safety and intended physiological benefits before entering the market [10]. 

Table 1. Comparison of Global Regulatory Frameworks for Nutraceuticals [1-10] 

Country/Organization Regulatory 

Authority 

Product Classification Key Regulatory Features 

WHO WHO Guidelines GACP, GMP, quality 

assurance, safety evaluation 

United States FDA Dietary Supplements DSHEA, GMP, post-market 

surveillance 

European Union EFSA Foods/Food Supplements Scientific evaluation of 

health claims 

India FSSAI Nutraceuticals & Health 

Supplements 

Ingredient approval, 

labeling, quality standards 

Canada Health Canada Natural Health Products Product licensing (NPN), 

safety and efficacy review 

Australia TGA Complementary 

Medicines 

GMP compliance, listed and 

registered products 

Japan Consumer 

Affairs Agency 

FOSHU & FFC Scientific evidence for 

functional claims 

 

Indian Regulatory Framework 

India has developed a comprehensive regulatory framework to ensure the quality, safety, efficacy, and 

proper marketing of nutraceuticals. With the rapid growth of the nutraceutical industry and increasing 

consumer awareness regarding preventive healthcare, the need for a robust regulatory system has become 

more important than ever. In India, nutraceuticals are regulated as food products rather than pharmaceuticals. 

The Food Safety and Standards Authority of India (FSSAI) is the apex regulatory body responsible for 

establishing standards for nutraceuticals under the Food Safety and Standards Act, 2006. The regulatory 

framework covers various aspects, including product classification, manufacturing practices, ingredient 

approval, labeling, advertising, import control, licensing, and post-market compliance to ensure consumer 

protection and public health [4,5]. 
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1.Food Safety and Standards Authority of India (FSSAI)-The Food Safety and Standards Authority of 

India (FSSAI) was established under the Food Safety and Standards Act, 2006, to regulate and supervise food 

safety across the country. FSSAI is responsible for developing science-based standards for nutraceuticals, 

health supplements, functional foods, foods for special dietary use, foods for special medical purposes, and 

novel foods. It regulates the manufacture, storage, distribution, sale, and import of nutraceutical products to 

ensure that they are safe for human consumption. In addition, FSSAI issues guidelines related to permissible 

ingredients, nutrient limits, quality specifications, food additives, labeling requirements, and health claims. 

The authority also conducts inspections, surveillance activities, and enforcement actions to ensure compliance 

with food safety regulations [5]. 

2.Food Safety and Standards Act, 2006-The Food Safety and Standards Act (FSSA), 2006 serves as the 

principal legislation governing food safety and quality in India. The Act consolidated multiple food-related 

laws into a single legal framework to establish a unified food regulatory system. It provides legal provisions 

for food licensing, product standards, quality assurance, inspection, food sampling, laboratory analysis, 

enforcement, and penalties for non-compliance. The Act also empowers FSSAI to formulate regulations and 

issue scientific standards for different categories of food products, including nutraceuticals. This legislation 

plays a vital role in protecting consumers from unsafe, substandard, or misbranded products while promoting 

fair practices in the food industry [4]. 

3.Health Supplements and Nutraceutical Regulations-The Food Safety and Standards (Health 

Supplements, Nutraceuticals, Food for Special Dietary Use, Food for Special Medical Purpose, Functional 

Food and Novel Food) Regulations, 2022 provide a dedicated regulatory framework for nutraceutical products 

in India. These regulations clearly define different product categories and specify the ingredients, vitamins, 

minerals, amino acids, probiotics, prebiotics, botanical substances, and other bioactive compounds that are 

permitted for use.These provisions help ensure that nutraceuticals marketed in India meet acceptable standards 

of quality, safety, and efficacy [5]. 

4.Manufacturing Requirements-Manufacturers of nutraceuticals are required to comply with Good 

Manufacturing Practices (GMP) and hygienic practices specified by FSSAI to ensure consistent product 

quality and safety. Manufacturing facilities should maintain appropriate infrastructure, sanitation, 

environmental controls, calibrated equipment, trained personnel, and validated production processes. Quality 

assurance programs, standard operating procedures (SOPs), documentation systems, and regular quality 

control testing are essential components of GMP compliance. Manufacturers are also required to implement 

appropriate measures to prevent contamination, cross-contamination, and product adulteration throughout the 

manufacturing process [3,5]. 

5.Product Approval-Before marketing a nutraceutical product in India, manufacturers must ensure that all 

ingredients comply with the list of substances permitted under FSSAI regulations. Products containing novel 

ingredients, new formulations, or ingredients not included in the approved list require scientific evaluation 

and regulatory approval before commercialization. Manufacturers should provide scientific evidence 

supporting the identity, safety, quality, intended use, and recommended dosage of such products. This approval 

process helps prevent the marketing of unsafe or unsubstantiated nutraceutical products and ensures 

compliance with regulatory standards [5]. 

6.Labeling Regulations-Accurate labeling is an important regulatory requirement for nutraceutical products. 

FSSAI mandates that product labels clearly display essential information such as the product name, category, 

ingredient list, nutritional composition, recommended daily intake, serving size, storage instructions, batch 

number, manufacturing and expiry dates, manufacturer's name and address, and license number. Labels should 

also include mandatory cautionary statements, usage instructions, and any applicable warnings. Misleading 

statements or claims that could create false expectations among consumers are strictly prohibited. Proper 

labeling enables consumers to make informed decisions regarding product selection and safe usage [5]. 

7.Claims and Advertising-Health claims and nutrition claims associated with nutraceuticals must be 

scientifically substantiated and comply with the Food Safety and Standards (Advertising and Claims) 

Regulations, 2018. Manufacturers are permitted to make only those claims that are supported by adequate 

scientific evidence and approved under applicable regulations. Claims suggesting that a nutraceutical can 

diagnose, treat, prevent, or cure diseases are generally prohibited unless specifically authorized by law. 
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Advertisements should be truthful, evidence-based, and should not mislead consumers by exaggerating the 

health benefits of nutraceutical products [12]. 

8.Import Regulations-Imported nutraceutical products intended for sale in India must comply with all 

applicable FSSAI regulations and food safety standards. Imported products are subject to document 

verification, inspection, sampling, and laboratory testing at designated entry points before being released into 

the domestic market. These regulatory measures ensure that imported nutraceuticals meet the same quality, 

safety, and labeling standards as domestically manufactured products. Products that fail to comply with 

regulatory requirements may be rejected, recalled, or prohibited from entering the Indian market [4,5]. 

9.Licensing-Licensing is a mandatory regulatory requirement for all food business operators involved in the 

manufacture, processing, storage, distribution, import, or sale of nutraceutical products. Depending on the 

scale and nature of business operations, manufacturers and marketers must obtain either FSSAI registration 

or an appropriate FSSAI license before commencing commercial activities. The licensing system facilitates 

regulatory oversight, improves product traceability, supports routine inspections, and ensures that 

manufacturers continuously comply with food safety standards throughout the product life cycle. Regular 

renewal of licenses and adherence to regulatory conditions are essential for maintaining legal compliance [4,5]. 

Safety Assessment Requirements 

The safety assessment of nutraceuticals is a systematic process designed to ensure that products are safe 

for human consumption and comply with regulatory standards. It involves the evaluation of ingredient quality, 

toxicological profile, microbiological safety, chemical contaminants, product stability, and clinical evidence. 

A comprehensive safety assessment minimizes potential health risks and supports consumer confidence [2,3,5]. 

1.Ingredient Safety 

 Identity-The identity of each ingredient should be accurately established using validated analytical 

methods to ensure authenticity and prevent substitution or adulteration [2,3]. 

 Purity-Ingredients must comply with established purity specifications and should be free from 

impurities that could compromise product safety or efficacy [3,5]. 

 Source Verification-Manufacturers should verify the botanical, animal, microbial, or synthetic origin 

of raw materials to ensure traceability, quality, and regulatory compliance [2,5]. 

2.Toxicological Evaluation 

Toxicological assessment is essential for determining the safety profile of nutraceutical ingredients before 

commercialization [2,3,13]. 

 Acute Toxicity-Evaluates adverse effects following a single dose or short-term exposure and helps 

establish safe dosage limits. 

 Sub-chronic Toxicity-Assesses toxic effects after repeated exposure for several weeks or months to 

identify target organ toxicity. 

 Chronic Toxicity-Determines adverse effects associated with long-term consumption of nutraceutical 

products. 

 Genotoxicity-Assesses the potential of ingredients to induce genetic mutations or DNA damage [13,14]. 

 Carcinogenicity-Evaluates whether prolonged exposure to a nutraceutical ingredient increases the risk 

of cancer. 

 Reproductive Toxicity-Determines the effects of nutraceuticals on fertility, embryonic development, 

and reproductive health [6,7]. 
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3.Microbiological Safety 

Microbiological evaluation ensures that nutraceuticals are free from harmful microorganisms that may affect 

consumer health [3,5]. 

 Pathogens-Products should be tested for pathogenic microorganisms such as Salmonella spp., 

Escherichia coli, Staphylococcus aureus, and other harmful bacteria. 

 Microbial Limits-Total bacterial count, yeast, and mold counts should remain within permissible 

regulatory limits to ensure product safety. 

4.Chemical Contaminants 

The presence of chemical contaminants should be carefully monitored during manufacturing and quality 

control [3,5]. 

 Heavy Metals-Levels of lead, arsenic, cadmium, and mercury should comply with regulatory limits. 

 Pesticide Residues-Agricultural raw materials should be tested to ensure pesticide residues remain 

within acceptable limits. 

 Mycotoxins-Products should be monitored for fungal toxins such as aflatoxins and ochratoxins that 

may pose health risks. 

 Solvent Residues-Residual solvents from extraction and manufacturing processes should comply with 

internationally accepted safety limits. 

5.Stability Studies 

Stability studies determine whether nutraceutical products maintain their quality, potency, and safety 

throughout their intended shelf life [8]. 

 Shelf Life-Testing is performed to establish the product's expiration date while ensuring maintenance 

of quality attributes. 

 Storage Conditions-Products are evaluated under different temperature and humidity conditions to 

recommend appropriate storage requirements [15]. 

6.Clinical Safety 

 Human Studies-Clinical studies provide evidence regarding the safety, tolerability, and appropriate 

dosage of nutraceutical products in human subjects [2]. 

 Adverse Event Monitoring-Post-market surveillance and adverse event reporting systems help 

identify rare or long-term safety concerns that may not be detected during pre-market evaluation [3,5]. 

Quality Control Requirements 

Quality control is a critical component of nutraceutical manufacturing that ensures products are safe, 

effective, and of consistent quality throughout their shelf life. Effective quality control minimizes 

contamination, prevents product variability, and ensures compliance with national and international regulatory 

requirements [2,3,5,16]. 

1.Good Manufacturing Practices (GMP)-Good Manufacturing Practices (GMP) provide a systematic 

framework for manufacturing nutraceuticals under controlled conditions.  

GMP ensures that products are consistently produced and controlled according to established quality standards 

by regulating personnel, equipment, facilities, documentation, sanitation, and quality assurance procedures. 

Compliance with GMP reduces the risk of contamination, mix-ups, and manufacturing errors [3,5]. 

2.Good Laboratory Practices (GLP)-Good Laboratory Practices (GLP) establish quality standards for 

laboratory studies used to evaluate the safety and quality of nutraceuticals. GLP ensures the reliability, 

accuracy, reproducibility, and integrity of analytical and toxicological data generated during product 

development and quality testing [13]. 
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3.Hazard Analysis and Critical Control Points (HACCP)-Hazard Analysis and Critical Control Points 

(HACCP) is a preventive quality management system that identifies, evaluates, and controls biological, 

chemical, and physical hazards during manufacturing. Implementation of HACCP helps maintain product 

safety by monitoring critical control points throughout the production process [5,16]. 

4.Raw Material Testing-The quality of nutraceutical products depends largely on the quality of raw materials. 

Raw material testing includes verification of identity, purity, potency, moisture content, microbial quality, 

heavy metals, pesticide residues, mycotoxins, and adulterants before manufacturing. Proper supplier 

qualification and authentication of botanical materials are also essential to ensure product consistency [2,3]. 

5.Finished Product Testing-Finished product testing confirms that the final product complies with 

established quality specifications. Routine tests include physical, chemical, microbiological, and stability 

evaluations, along with verification of active ingredient content, uniformity, dissolution (where applicable), 

labeling accuracy, and packaging integrity [2,5]. 

6.Batch Consistency-Batch-to-batch consistency is essential to ensure that every production batch possesses 

the same identity, composition, potency, purity, and quality attributes. Consistent manufacturing processes, 

validated analytical methods, and in-process quality controls help minimize variability and ensure 

reproducible product performance [2,5]. 

7.Standardization-Standardization refers to maintaining a consistent concentration of bioactive constituents 

in nutraceutical products. It involves selecting authenticated raw materials, controlling manufacturing 

variables, and applying validated analytical techniques to ensure uniform quality, efficacy, and safety across 

all batches [2,3]. 

Table 2. Quality Control Requirements for Nutraceuticals [16]. 

Quality Control Component Purpose 

Good Manufacturing Practices 

(GMP) 

Ensures consistent manufacturing quality 

Good Laboratory Practices (GLP) Ensures reliable laboratory testing and 

documentation 

HACCP Prevents biological, chemical, and physical hazards 

Raw Material Testing Confirms identity, purity, and safety of ingredients 

Finished Product Testing Verifies compliance with quality specifications 

Batch Consistency Maintains uniformity across production batches 

Standardization Ensures consistent levels of bioactive constituents 

  

Compliance Requirements 

Compliance with regulatory requirements is essential to ensure that nutraceutical products are 

manufactured, marketed, and distributed in accordance with established quality and safety standards. 

Regulatory compliance promotes consumer protection, facilitates product traceability, and ensures adherence 

to national and international regulations throughout the product life cycle [3,5]. 

1.Manufacturing Licenses-Manufacturers of nutraceuticals are required to obtain appropriate licenses or 

registrations from the competent regulatory authority before commencing production. In India, food business 

operators must obtain an FSSAI license or registration, while manufacturers in other countries must comply 

with the licensing requirements of their respective regulatory agencies. Licensing ensures that manufacturing 

facilities comply with Good Manufacturing Practices (GMP) and applicable food safety regulations [4,5]. 
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2.Documentation-Comprehensive documentation is essential for demonstrating regulatory compliance and 

maintaining product quality. Manufacturers should maintain records related to raw material procurement, 

manufacturing processes, quality control testing, batch production, packaging, distribution, complaints, and 

corrective actions. Proper documentation supports inspections, audits, and product traceability [3,5]. 

3.Product Registration-Depending on the regulatory framework of a country, nutraceutical products may 

require registration or notification before commercialization.  

Product registration generally involves submission of information related to product composition, ingredient 

safety, manufacturing details, labeling, and supporting scientific evidence to the regulatory authority [5,7]. 

4.Label Compliance-Product labels should comply with applicable regulatory requirements and provide 

accurate information regarding product identity, ingredient list, nutritional composition, recommended daily 

intake, storage conditions, batch number, expiry date, manufacturer details, and mandatory cautionary 

statements. Labels must not contain misleading or false information [5,12]. 

5.Health Claims-Health and nutrition claims should be scientifically substantiated and supported by reliable 

evidence. Claims related to disease diagnosis, treatment, mitigation, or cure are generally prohibited unless 

specifically authorized by the regulatory authority. Compliance with advertising and labeling regulations helps 

prevent misleading promotional practices [7,12]. 

6.Traceability-Traceability systems enable manufacturers to track nutraceutical products throughout the 

supply chain, from raw material sourcing to distribution. Effective traceability facilitates quality assurance, 

regulatory inspections, product recalls, and identification of affected batches in the event of safety concerns 
[5,16]. 

7.Audits-Internal and external audits are conducted to evaluate compliance with regulatory requirements, 

Good Manufacturing Practices (GMP), and quality management systems. Regular audits help identify non-

conformities, improve manufacturing processes, and ensure continuous compliance with regulatory standards 
[3,5]. 

8.Recall Procedures-Effective recall systems include product identification, batch traceability, risk 

assessment, communication with regulatory authorities, and corrective and preventive actions to minimize 

risks to public health [5,16]. 

Pharmacovigilance of Nutraceuticals 

Pharmacovigilance is an essential component of nutraceutical safety that involves the continuous 

monitoring, detection, assessment, and prevention of adverse effects associated with nutraceutical products 

after they are marketed. Although nutraceuticals are generally considered safe, adverse reactions may occur 

due to inappropriate use, contamination, adulteration, excessive consumption, or interactions with 

conventional medicines. An effective pharmacovigilance system helps identify potential safety concerns, 

supports regulatory decision-making, and improves consumer protection [2,3,5]. 

1.Adverse Event Reporting-Adverse event reporting involves the systematic collection and evaluation of 

information on undesirable health effects associated with nutraceutical use. Reports submitted by healthcare 

professionals, manufacturers, and consumers help identify previously unrecognized safety issues and enable 

timely regulatory action.  

A robust reporting system contributes to continuous assessment of the benefit–risk profile of nutraceutical 

products [17]. 

2.Post-Marketing Surveillance-Post-marketing surveillance is the ongoing monitoring of nutraceuticals after 

commercialization to evaluate their safety under real-world conditions. These measures assist regulatory 

authorities in identifying rare or delayed adverse effects that may not be detected during pre-market evaluation 
[2,17]. 

3.Consumer Complaints-Consumer complaints provide valuable information regarding product quality, 

labeling inaccuracies, contamination, packaging defects, and unexpected adverse reactions. [5,16]. 
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4.Risk Management-Risk management is a continuous process involving the identification, assessment, 

control, and communication of risks associated with nutraceutical products. It includes safety monitoring, 

implementation of corrective and preventive actions, product recalls when necessary, and continuous 

evaluation of benefit–risk balance to minimize potential harm to consumers [17,18]. 

5.Global Reporting Systems-Several international organizations and national regulatory authorities maintain 

pharmacovigilance systems for monitoring product safety. The World Health Organization (WHO) 

Programme for International Drug Monitoring (PIDM), coordinated by the Uppsala Monitoring Centre 

(UMC), facilitates the global collection and analysis of adverse event reports. National authorities such as the 

U.S. FDA, Health Canada, Therapeutic Goods Administration (Australia), and FSSAI also operate safety 

reporting systems that contribute to post-marketing surveillance and regulatory decision-making [6,8,17,18]. 

Major Regulatory Challenges 

Despite the growing popularity of nutraceuticals, their regulation remains challenging because of 

differences in national regulatory frameworks, limited scientific evidence, and the rapid expansion of the 

global market. Addressing these challenges is essential to ensure product quality, consumer safety, and 

regulatory compliance [2,3,5]. 

1.Absence of Global Harmonization-One of the major challenges is the lack of a harmonized international 

regulatory framework. Different countries regulate nutraceuticals as foods, dietary supplements, natural health 

products, or complementary medicines, resulting in variations in approval procedures, quality standards, 

labeling requirements, and safety evaluation [3,5,7]. 

2.Differences in Regulatory Classification-The classification of nutraceuticals differs across regulatory 

authorities, leading to inconsistencies in regulatory requirements. A product categorized as a dietary 

supplement in one country may be regulated as a medicine or functional food in another, creating challenges 

for manufacturers involved in international trade [5,7]. 

3.Weak Safety Evidence-Many nutraceutical products are marketed with limited toxicological and clinical 

evidence supporting their long-term safety and efficacy. The absence of robust scientific data makes it difficult 

for regulatory agencies to accurately evaluate the benefit–risk profile of these products [2,19]. 

4.Misleading Health Claims-Manufacturers may promote nutraceuticals using exaggerated or 

unsubstantiated health claims that lack sufficient scientific evidence. Such practices can mislead consumers 

and encourage inappropriate product use. Regulatory authorities require health claims to be supported by 

reliable scientific evidence before marketing [7,12]. 

5.Product Adulteration-Intentional adulteration with pharmaceutical ingredients, synthetic chemicals, or 

undeclared substances poses a significant public health concern. Adulterated products may produce serious 

adverse effects and compromise consumer safety [3,20]. 

6.Contamination-Nutraceuticals may become contaminated with heavy metals, pesticide residues, microbial 

pathogens, mycotoxins, or residual solvents during cultivation, manufacturing, or storage. Strict quality 

control and regulatory monitoring are necessary to minimize contamination risks [3,5]. 

7.Counterfeit Nutraceuticals-The increasing availability of counterfeit and substandard nutraceuticals, 

particularly through online marketplaces, presents challenges for regulatory authorities. Counterfeit products 

often contain incorrect ingredients, poor-quality raw materials, or misleading labeling, thereby increasing 

health risks to consumers [20]. 

8.Limited Clinical Trials-Compared with pharmaceutical products, many nutraceuticals undergo limited 

clinical evaluation before marketing. Insufficient well-designed clinical studies reduce confidence in product 

safety, efficacy, and recommended dosage, highlighting the need for stronger scientific evidence [2,19]. 

9.Inadequate Post-Marketing Surveillance-Post-marketing surveillance systems for nutraceuticals remain 

underdeveloped in many countries. Underreporting of adverse events and the absence of comprehensive 

pharmacovigilance programs make it difficult to identify rare or long-term safety issues after 

commercialization [17,18]. 
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10.Online Marketing and Cross-Border Sales-The rapid growth of e-commerce has facilitated the global 

distribution of nutraceuticals through online platforms. However, cross-border sales often involve products 

that do not comply with national regulations, making regulatory enforcement, quality verification, and 

consumer protection more difficult [5,20]. 

13. Recent Advances in Nutraceutical Safety Assessment 

Recent scientific and technological developments have transformed the safety assessment and regulatory 

evaluation of nutraceuticals. Emerging approaches such as artificial intelligence, omics technologies, 

blockchain, DNA barcoding, predictive toxicology, and nanotechnology are strengthening regulatory 

compliance, product authentication, and post-market monitoring. These innovations support evidence-based 

decision-making and contribute to the development of safer and more effective nutraceutical products [21,22]. 

1.Artificial Intelligence (AI) for Safety Prediction-Artificial intelligence (AI) and machine learning are 

increasingly being integrated into nutraceutical research and regulatory science. AI algorithms can analyze 

large datasets to predict toxicity, identify potential adverse effects, detect ingredient interactions, and support 

risk assessment before product commercialization. These computational approaches reduce the time and cost 

associated with conventional safety testing while improving the accuracy of toxicity prediction. AI also assists 

regulatory agencies in evaluating scientific evidence and monitoring product safety more efficiently [21]. 

2.Omics Technologies-Omics technologies, including genomics, proteomics, metabolomics, and 

transcriptomics, provide detailed information on the biological effects of nutraceuticals at the molecular level. 

These techniques help researchers understand mechanisms of action, identify biomarkers of efficacy and 

toxicity, and evaluate individual responses to bioactive compounds. Integration of omics data improves the 

scientific basis for safety assessment and facilitates the development of more effective nutraceutical products 
[22]. 

3.Personalized Nutrition-The concept of personalized nutrition is gaining importance with advances in 

nutrigenomics and precision medicine. Individual genetic variations, metabolic profiles, age, lifestyle, and 

environmental factors influence the response to nutraceuticals. Personalized nutrition enables healthcare 

professionals to recommend nutraceuticals tailored to individual requirements, thereby improving therapeutic 

outcomes and reducing the risk of adverse effects associated with inappropriate supplementation [23]. 

4.Blockchain for Supply-Chain Traceability-Blockchain technology offers a secure and transparent method 

for recording information throughout the nutraceutical supply chain. Every stage, including raw material 

sourcing, manufacturing, transportation, storage, and distribution, can be digitally documented using tamper-

resistant records. This improves product traceability, reduces the risk of counterfeit products, strengthens 

regulatory compliance, and increases consumer confidence by ensuring complete transparency of product 

information [24]. 

5.DNA Barcoding for Botanical Authentication-DNA barcoding is an advanced molecular identification 

technique widely used to authenticate medicinal plants and botanical ingredients used in nutraceutical 

formulations. It enables accurate species identification even when plant materials are processed into powders 

or extracts. DNA barcoding minimizes adulteration, substitution, and misidentification of raw materials, 

thereby improving product quality, safety, and regulatory compliance [25]. 

6.Digital Labeling and QR-Code Traceability-Digital labeling technologies, including Quick Response 

(QR) codes, have become valuable tools for improving transparency in nutraceutical products. By scanning a 

QR code, consumers and regulatory authorities can access detailed information regarding ingredient 

composition, manufacturing date, batch number, certificates of analysis, storage instructions, regulatory 

approvals, and product authenticity. These technologies facilitate informed consumer choices and strengthen 

product traceability across the supply chain [24]. 

7.Predictive Toxicology-Predictive toxicology combines computational modeling, in vitro testing, and 

bioinformatics to estimate the toxicological profile of nutraceutical ingredients before human exposure. These 

approaches help identify potential toxic effects, reduce dependence on animal testing, and support early risk 

assessment during product development. Predictive toxicology contributes to more efficient regulatory 

evaluation and safer nutraceutical formulations [21]. 
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8.Real-World Evidence-Real-world evidence (RWE) is generated from electronic health records, patient 

registries, insurance databases, wearable devices, and post-marketing surveillance systems. Unlike controlled 

clinical trials, RWE reflects the actual use of nutraceuticals in diverse populations and provides valuable 

information on long-term safety, effectiveness, adverse events, and patterns of use. Regulatory agencies 

increasingly recognize real-world evidence as an important component of post-market safety evaluation and 

regulatory decision-making [26]. 

9.Nanotechnology-Based Nutraceuticals-Nanotechnology has emerged as an innovative strategy to improve 

the delivery and performance of nutraceutical ingredients. Nano-formulations enhance solubility, stability, 

bioavailability, and targeted delivery of bioactive compounds while reducing required doses. Despite these 

advantages, nanoparticles may exhibit unique physicochemical properties that require comprehensive 

toxicological evaluation and regulatory oversight before commercialization to ensure consumer safety [27]. 

10.Sustainability and Green Manufacturing-Growing environmental concerns have encouraged the 

adoption of sustainable and eco-friendly manufacturing practices in the nutraceutical industry. Green 

manufacturing includes the use of renewable raw materials, environmentally friendly solvents, energy-

efficient processing techniques, waste minimization, recyclable packaging, and green extraction technologies. 

These sustainable approaches reduce environmental impact while maintaining product quality and regulatory 

compliance, supporting the long-term development of the nutraceutical sector [28]. 

Future Perspectives 

The future of nutraceutical regulation will depend on the development of harmonized regulatory 

frameworks, stronger scientific evidence, and the adoption of advanced technologies. As the global 

nutraceutical market continues to expand, regulatory authorities must establish uniform standards that ensure 

product quality, safety, and efficacy while facilitating international trade. Collaboration among regulatory 

agencies, researchers, healthcare professionals, and industry stakeholders will be essential for developing 

consistent regulatory policies and improving consumer protection [3,5,7]. One of the major priorities is the 

generation of stronger clinical evidence to support the safety and health benefits of nutraceuticals. Well-

designed randomized clinical trials, long-term safety studies, and real-world evidence should be encouraged 

to provide reliable scientific data for regulatory decision-making. Robust clinical evidence will improve 

confidence in health claims, facilitate product approval, and support evidence-based use of nutraceuticals 
[2,19,26]. 

Strengthening pharmacovigilance systems is equally important for ensuring the continued safety of 

nutraceuticals after commercialization. Improved adverse event reporting, active post-marketing surveillance, 

and efficient risk management programs will help identify rare or long-term adverse effects. Greater 

participation by healthcare professionals, manufacturers, and consumers in reporting safety concerns will 

enhance regulatory oversight and contribute to better public health outcomes [17,18]. Sharing scientific 

information, safety data, and regulatory experiences can promote global harmonization and improve the 

efficiency of regulatory decision-making [3,17]. A risk-based regulatory approach is expected to become 

increasingly important in the evaluation of nutraceuticals. Products with higher safety risks, novel ingredients, 

or complex formulations may require more comprehensive safety assessments, while lower-risk products can 

be regulated using simplified procedures. This approach enables regulatory agencies to allocate resources 

more effectively while maintaining consumer safety [5,21]. Increasing consumer awareness is another important 

future direction. Public education regarding appropriate nutraceutical use, recommended dosages, label 

interpretation, and possible interactions with medicines can reduce misuse and improve health outcomes. 

Educational campaigns supported by regulatory authorities and healthcare professionals will encourage 

informed decision-making by consumers [5,12]. Advances in analytical technologies, including DNA barcoding, 

metabolomics, high-resolution mass spectrometry, and chromatographic techniques, are expected to improve 

the identification of adulterants, contaminants, and counterfeit products. These technologies will strengthen 

quality control, product authentication, and regulatory compliance [22,25]. Finally, the integration of artificial 

intelligence (AI) into regulatory decision-making is expected to transform nutraceutical safety assessment. AI 

can assist in toxicity prediction, analysis of adverse event databases, automated document review, and 

identification of potential safety signals. Combined with real-world evidence and digital health technologies, 

AI has the potential to make regulatory processes faster, more efficient, and more evidence-based [21,26]. 
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Conclusion 

Nutraceuticals have become an integral part of modern healthcare due to their potential to promote health, 

improve nutritional status, and reduce the risk of chronic diseases such as cardiovascular disorders, diabetes, 

obesity, osteoporosis, and certain cancers. Growing consumer awareness of preventive healthcare and the 

increasing preference for natural products have contributed to the rapid expansion of the global nutraceutical 

market. Issues such as product adulteration, contamination, inaccurate labeling, inappropriate health claims, 

herb–drug interactions, and variability in product quality highlight the importance of rigorous scientific safety 

assessment before and after commercialization [2,3,5]. A comprehensive safety evaluation should include 

ingredient authentication, toxicological assessment, microbiological testing, contaminant analysis, stability 

studies, clinical evaluation, and post-marketing surveillance. In addition, the implementation of Good 

Manufacturing Practices (GMP), Good Laboratory Practices (GLP), Hazard Analysis and Critical Control 

Points (HACCP), and standardized quality control procedures plays a crucial role in minimizing 

manufacturing errors, preventin contamination, and ensuring batch-to-batch consistency [3,5,13,16]. Robust 

regulatory frameworks established by authorities such as the Food Safety and Standards Authority of India 

(FSSAI), the U.S. Food and Drug Administration (FDA), the European Food Safety Authority (EFSA), Health 

Canada, and the Therapeutic Goods Administration (TGA) provide essential guidance for the manufacture, 

labeling, marketing, and safety monitoring of nutraceuticals [5,6,7,8].Several regulatory challenges remain to be 

addressed, including the absence of globally harmonized regulations, inconsistent product classification, 

limited clinical evidence, misleading advertising, counterfeit products, and inadequate pharmacovigilance 

systems. Furthermore, increasing public awareness regarding the appropriate use of nutraceuticals and 

encouraging evidence-based health claims will contribute to responsible product utilization [17,18,19,20]. Recent 

advances in artificial intelligence, omics technologies, predictive toxicology, blockchain-based traceability, 

DNA barcoding, nanotechnology, and real-world evidence are expected to transform the future of nutraceutical 

safety assessment. Their integration into regulatory frameworks will enable more efficient evaluation of 

nutraceutical products while reducing safety risks and improving public confidence [21–28]. In conclusion, 

nutraceuticals offer significant health benefits and represent an important strategy for preventive healthcare. 

However, their successful integration into modern healthcare depends on rigorous scientific evaluation, 

effective quality assurance, strong regulatory oversight, and continuous post-marketing surveillance. The 

adoption of harmonized international regulations, evidence-based safety assessment, and innovative 

technologies will help ensure the development of safe, effective, and high-quality nutraceutical products. Such 

an approach will not only protect public health but also promote sustainable growth and innovation in the 

global nutraceutical industry [2,3,5,21] 
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