
 219 

Nutrigenomics: The Interaction between Nutrition and Genes 
 

Mairaj Noor1,*, Robina Parveen2, Kashif Sarfraz Abbasi1, Muhammad Saeeduddin3, Muhammad Hashaam Yasir4, 

Muhammad Yousaf Qaddoos5, Sehar Imran6, Amer Mumtaz7, Muhammad Afnan Moawia5 and Tehreem Sarwar7 
 
1Institute of Food & Nutritional Sciences, PMAS Arid Agriculture University, 46000 Rawalpindi, Pakistan 
2Department of Medical Lab technology, The University of Haripur, Pakistan  
3School of Food and Agricultural Sciences, University of Management and Technology, Lahore 54000, Pakistan  
4Institute of Food Science & Nutrition, Gomal University, Dera Ismail Khan 29111, Pakistan 
5Institute of Food Science and Nutrition, University of Sargodha, 40100 Sargodha, Pakistan 
6R&D and QA Manager, Organization, Asna Group, Sargodha, 40100 Pakistan 
7Food Science Research Institute, National Agricultural Research Centre, Islamabad 45000, Pakistan 

*Corresponding author: mairaj.noor3637@gmail.com 

 

Abstract 

Nutrigenomics is a newly born field aiming to investigate the links between diet and genes to develop personalized dietary suggestions for 

an individual, based on a genetic 'proteome'. In this focus, dietary modifications are discussed that can be used in the management and 

prevention of diet-related diseases in connection with the effect of nutrients on gene expression. Areas of study include the genetic differences 

in nutrient metabolism, the influence of dietary components on gene regulation, and the possibility of optimizing healthy life expectancy by 

making use of nutrigenomics. With advances in genetic testing and bioinformatics, this field has become more accessible with precise 

nutrition guidelines. Ethical concerns, data privacy, and the high cost of genetic testing, however, make genomic literacy inaccessible. Even 

in the face of these obstacles, nutrigenomics could potentially remake public health, calling for a mix of fields of work, ongoing research, and 

ethical frameworks to alleviate some of the existing boundaries. Finally, nutrigenomics signifies the future of personalized nutrition, 

recommending tailored diets to enhance a healthier and disease-free population, according to genetic profiles. 
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Introduction 
 

Nutrigenomics is a branch of science that delves into the relationship between diet and genetic makeup. This makes us strive to 

comprehend how particular nutrients and other food compounds regulate the genes and how an individual’s genes affect the way he processes 

foods (Gupta et al., 2020). Therefore, in simple words Nutrigenomics is about using life sciences technologies including biochemistry, 

physiology, nutrition, genomics, proteomics, metabolomics, transcriptomics, and epigenomics to investigate and elucidate the reciprocal 

relations of genes and foodstuff at molecular (Kiani et al., 2022). 

 

Historical Background and Evolution 

The discipline of nutrigenomics is relatively new, having arisen early in the 21st century with improvements in genomics and molecular 

biology. The Human Genome Project, completed in 2003, provided a comprehensive overview of human genes, triggering research into how 

dietary constituents might affect gene expression. Nutrigenomics evolved over time from basic (Sales et al., 2014). 

 

Importance of Nutrigenomics in Modern Nutrition 

The most significant role of modern nutrition played by nutrigenomics is focusing on personalized dietary recommendations. Of course, 

not all conventional "one-size-fits-all" dietary guidelines work for everyone since different genetic variation affects the metabolism and 

response to food in our body. Through nutrigenomics comes a route to more effective health outcomes, including improved disease prevention, 

optimized nutrient consumption, and tailored nutrition specific to the individual's genotype (Mathers, 2017). 

 

Basic Principles of Gene-Nutrition Interactions 

This knowledge is based on understanding at the molecular level how nutrients and genes interact in an organism to influence health. 

These principles include how nutrition acts on gene expression and conversely, how genetic difference shapes nutritional needs.  
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Genes, DNA, and Nutrients: The Molecular Foundation 

Nutrigenomics is, therefore, a relationship between genes and nutrients. Genes refer to the sequences of DNA that contain instructions on 

the synthesis of proteins and other molecules necessary for body functioning (Brown, 2020). Nutrients within food may act as signals to these 
genes. For example, certain vitamins and minerals work as cofactors during enzymatic reactions and therefore directly impact gene expression 

of metabolic functions (Pavlidis et al., 2015). 

 

Nutritional Epigenetics: How Diet Modifies Gene Expression 
Nutritional epigenetics focuses on how nutritional intake can stimulate gene expression alterations without leading to any change in the 

DNA sequence itself. Some of these include DNA methylation, histone modification, and non-coding RNA activity. For instance, high intakes of 

folate increase DNA methylation that may silence disease-risk-associated genes. Epigenetic changes that are diet-induced have long-term effects 

on health and, in some cases, even pass on to subsequent generations. They influence susceptibility to diseases such as obesity, cancer, and 
cardiovascular disease (Milagro et al., 2013). 

 

Nutrient Sensing and Gene Regulation Mechanisms 

Nutrient-sensing pathways detect nutrient availability changes and the need for nutrient supplementation. Cells will adjust according to 
nutrient availability because certain pathways like AMPK, mTOR, and PPARs will regulate gene expression to make cells responsive to 

nutritional states. In addition, AMPK would turn on genes of energy production when glucose is low and there is a necessity to supplement 

energy from another source. These nutrient-sensing mechanisms ensure the body's genes respond appropriately to the nutritional environment 

to maintain metabolic balance and maximize health (Figure 1) (Yuan et al., 2013). 

 

 

Fig. 1: Nutrient and Gene 

Interaction Mechanisms 

 

 

Key Concepts in Nutrigenomics 

The discipline of nutrigenomics involves a number of crucial concepts. Most importantly, it covers the impact of genetic variation and 

epigenetic modification on nutrient intake response in an individual. Thus, these basic ideas mold the current understanding of how diet may 
affect health at a genetic and molecular level. 

 

Nutrigenetics vs. Nutrigenomics 

While closely related, nutrigenetics and nutrigenomics focus on different aspects of gene-nutrient interactions: 
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Nutrigenetics: is studying the connection between genetic variability and how an individual might respond to specific nutrients. Certain 

variants are known to render certain people more vulnerable to deficiency or toxicity when ingesting certain nutrients, affecting their health 

outcomes (Felisbino et al., 2021). 
Nutrigenomics: is the study regarding how nutrients and other parts of diet may influence expressions of genes. It concerns how diet "turns 

on" or "turns off genes," affecting metabolisms, immunity, as well as disease risk. In a nutshell, it tries to find out how foods affect genes and 

give particular nutrition recommendations for optimal health benefit (Figure 2) (Meiliana & Wijaya, 2020).  

 

 

Fig. 2: Nutrigenetics vs. 

Nutrigenomics 

 

 

Role of Single Nucleotide Polymorphisms (SNPs) in Nutrigenomics 
SNPs are the most common genetic variations, which include the change of a single base pair in DNA. SNPs can greatly influence how 

people metabolize and react to nutrients, thereby influencing nutrient absorption, metabolism, and disease susceptibility (Neeha & Kinth, 2013). 

For instance, the MTHFR gene SNPs may change folate metabolism, which influences cardiovascular health and requires individualized folate 

intake. By identifying SNPs relevant to nutrition, nutrigenomics can help in developing recommendations for a personal diet in consideration 
of such genetic differences. One of the very early applications of nutrigenetics is the diagnosis of conditions caused by a single polymorphism, 

such as genetic lactose intolerance and phenylketonuria (Beckett et al., 2017). Table 1 elaborates genetic variants and associated health risks; 

dietary interventions for prevention and management. 

 

Table 1: Genetic Variants and Associated Health Risks: Dietary Interventions for Prevention and Management 

SNP Gene Associated Health Risk Dietary Intervention 

rs9939609 FTO Increased risk of obesity and higher BMI (Ben Halima et al., 2018; 
Silva et al., 2018). 

Low-calorie diets, high-protein diets 
 

rs1862513 RETN Higher body fat, Insulin resistance, and obesity risk (Primo, et al., 

2017; De Luis et al., 2018). 

Low-fat diets, high-monounsaturated fat diets 

 

rs1501299 ADIPOQ Increased risk of metabolic syndrome (Fuente, et al., 2017; Tang 
et al., 2024). 

High-monounsaturated fat diets 

rs4994 ADRB3 Insulin resistance and obesity risk and NAFLD (Ryuk et al., 2017; 

Sakamoto et al., 2019). 

High-protein, low-carbohydrate diets 

 

rs762551 CYP1A2 Variable caffeine metabolism; increased risk of hypertension in 
slow metabolizers (Popa et al., 2024) 

Caffeine moderation, tailored caffeine intake 
 

rs6544713 ABCG8 Higher cholesterol levels and cardiovascular disease risk (Schroor 

et al., 2021) 

Diet low in saturated fats, increased fiber intake 

 

rs7903146 TCF7L2 Increased risk of type 2 diabetes (Assmann et al., 2014; Guan et 

al., 2016). 

Low glycemic index diets, high-fiber diets 

 

rs2016520 PPAR-Delta Impaired lipid metabolism; obesity risk, metabolic syndrome and 

type 2 DM (Tang et al., 2016). 

Diet rich in omega-3 fatty acids, low in trans fats 

 

 

Epigenetic Modifications Influenced by Nutrients (DNA Methylation, Histone Modification) 

Nutrigenomics further explores the mechanisms whereby nutrients induce epigenetic alterations that are heritable changes of gene 



 222 

expression not involving alterations to the DNA sequence. The genome is thought to be a static structure throughout life, while the epigenome 

is very dynamic and regulated by environmental stimuli including dietary molecules. It stands to reason that eventually much of the so-called 

missing classical genetic heritability of susceptibility to complex diseases and traits will be accounted for by epigenetics (Carlberg et al., 2016). 
DNA Methylation: The addition of methyl groups to DNA, often at CpG sites, can silence or downregulate gene expression. Nutrients like 

folate, B vitamins, and methionine, which contribute to methyl group production, can influence DNA methylation patterns, potentially reducing 

the expression of genes linked to diseases (Moore et al., 2013). Recent research has demonstrated that advanced liver fibrosis in patients could 

be reversed, as curcumin (CUR) is the principal curcuminoid of turmeric which exerts a positive effect by regulating specific DNA Methylation 
during epigenetic expression (Niculescu, 2012; Wu et al., 2016). 

Histone Modification: Histones are proteins around which DNA is wrapped, and their chemical modification (e.g., acetylation or methylation) 

can alter gene expression. Acetylation typically "opens" chromatin structure, making genes more accessible, while deacetylation "closes" it, 

suppressing gene activity. Nutrients like niacin (a precursor for NAD+), certain fatty acids, and polyphenols can impact histone modifications, 
influencing genes involved in inflammation, aging, and metabolism (Bassett & Barnett, 2014). 

 

Impact of Nutrients on Gene Expression 

Nutrients play a fundamental role in influencing gene expression, with each type (macronutrients, micronutrients, and bioactive 
compounds) affecting specific pathways and cellular functions. These effects are crucial for regulating metabolic balance, growth, immunity, 

and overall health. 

 

Macronutrients and Their Genetic Impact 

Fats: The types of fats include those such as omega-3 and omega-6 fatty acids, which influence gene expression concerning genes involved in 
inflammation as well as lipid metabolism. For example, omega-3 fatty acids activate PPARs, which are peroxisome proliferator-activated 

receptors regulating genes involved in lipid metabolism and thus reducing inflammation or lowering cardiovascular risk (Anderson et al., 2014; 

Jung et al., 2022). 

Proteins: Amino acids, the basic units of proteins, may be used as signals to regulate gene expression for either anabolic or catabolic states. 
For example, leucine can activate the mTOR pathway, which is involved in promoting protein synthesis and cell growth. This pathway is 

important in muscle repair, cellular growth, and metabolism (Duan et al., 2015). 

Carbohydrates: High carbohydrate intake effects the insulin signaling and subsequently these affect the glucose metabolism gene expression. 

Stimulated of the genes within the pathway will be maximized by glucose. Glucose is taken and stored in low carbohydrate consumption, which 
produces glucose by breaking down different forms of carbon sources to change the energy production mode for gene expression (Bojsen-

Møller et al., 2018). 

 

Micronutrients in Gene Regulation 

Vitamins: Direct effects on gene expressions of some vitamins can be established. Vitamin D and folate are examples. The VDR can bind with 
vitamin D and has this complex come into contact with DNA, regulating genes that are relevant for either immune functioning, calcium 

absorption, or bone health. Folate is essential in DNA methylation, thus affecting gene silencing and expression. This is very critical in cell 

division and proper gene function (Irwin et al., 2016). 

Minerals: Some minerals important for the regulation of genes include zinc and iron. Zinc acts as a cofactor to most transcription factors, thus 
regulating genes related to immune response, wound healing, and cell division. Iron is used for oxygen transport and in the regulation of genes 

about energy production and oxidative stress (Kühn, 2015). 

 

Phytochemicals and Bioactive Compounds in Gene Expression 
Polyphenols: Polyphenols like resveratrol and flavonoids, which are present in foods like berries, tea, and red wine, have antioxidant qualities 

and affect genes related to aging, inflammation, and cellular repair. For instance, resveratrol stimulates SIRT1, a gene linked to cellular repair 

and lifespan (Li et al., 2018). 

Carotenoids: These substances, which include lycopene and beta-carotene, are antioxidants that affect genes linked to cellular defense and 
immunological function. Carotenoids, for example, may lower the risk of cancer and oxidative damage by modifying genes related to antioxidant 

defense (Kawata et al., 2018). 

Alkaloids and Glucosinolates: By triggering the Nrf2 pathway, which strengthens cellular defenses against oxidative stress, substances like 

glucosinolates (found in cruciferous vegetables) can control detoxification pathways and affect the expression of genes involved in cancer 

prevention (Soundararajan & Kim, 2018). Table 2 explains gene-nutrient interactions and their influence on health outcomes. 
 

Nutrigenomics in Disease Prevention and Management 

Nutrigenomics offers promising avenues for the prevention and management of disease through tailored nutritional strategies based on 

an individual's genetic makeup. Understanding gene-diet interactions helps nutrigenomics address genetic predispositions, modulate pathways, 
and influence chronic, inflammatory, and autoimmune diseases (Hosseiniara et al., 2024). 

 

Chronic Diseases and Genetic Predispositions 

Many chronic diseases have genetic predispositions in which some variants of the gene increase susceptibility to such conditions. 
Nutrigenomics identifies the genetic predisposition and evaluates how nutritional choices might impact their expression. For example, a genetic 

predisposition to lipid metabolism will be more sensitive to conditions related to high cholesterol and cardiovascular disease. This risk is reduced 
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if a person focuses on unsaturated fats as well as other changes in the intake of fats. Similarly, a personalized approach to carbohydrate intake 

may help people genetically predisposed to insulin resistance better manage their blood glucose and prevent the development of type 2 diabetes. 

 
Table 2: Gene-Nutrient Interactions and Their Influence on Health Outcomes 

Nutrient Gene Interaction/Influence 

Omega-3 

Fatty Acids 

(EPA, DHA) 

FADS1, 

FADS2 

These genes encode for the fatty acid desaturases that convert linoleic acid (LA) and alpha-linolenic acid (ALA) into the 

longer-chain omega-3 fatty acids. Variants in these genes, in particular the rs174547 genetic variant, influence omega-

3 metabolism and so impact inflammatory responses and lipid profiles (Chilton et al., 2022; Keathley et al., 2022; Reyes-
Pérez et al., 2024).  

Omega-3 

Fatty Acids 

(DHA) 

APOE The APOE gene variant, particularly the e4 allele, is considered to increase one's susceptibility to Alzheimer's disease. 

Thus, elevated DHA intake could benefit e4 carriers much more than it would non-carriers (Li et al., 2022; Veysi et al., 

2024). 
Vitamin D VDR 

(FokI) 

 

Variants in the VDR gene modify both how omega-3 fatty acids affect stress responses and change cortisol levels. Low 

omega-3 intake has been correlated to increased cortisol levels among holders of specific VDR genotypes (Veysi et al., 

2024). 

Folate MTHFR Variants in the MTHFR gene affect folate metabolism, thereby affecting the health consequences of cardiovascular 
diseases and neural tube defects. MTHFR polymorphisms require a proper amount of folates (Wang et al., 2015). 

Vitamin E ABCA1 The ABCA1 gene is a component of cholesterol transport and metabolism. Vitamin E acts to modulate the expression of 

ABCA1 and impacts lipid profiles as well as cardiovascular health (Yamanashi et al., 2017; Wang et al., 2020). 

Iron HFE The genetic variations in HFE genes affect iron metabolism and absorption. Individuals affected by mutations in the 
HFE gene require careful dietary regulation of their iron intake, lest they risk overload ((Barton et al., 2015; Katsarou 

et al., 2019). 

 

Cancer, Cardiovascular Diseases, and Diabetes: Nutrigenomic Perspectives 

1. Cancer: Nutrigenomics, Diet can be studied concerning its influence on the likelihood of cancer by its effect on gene expression in cell growth, 
DNA repair, and apoptosis. Bioactive compounds that exist in vegetables, and sulforaphane from broccoli, for instance, induce genes that protect 

cells from oxidative damage and carcinogens. Dietary components such as folate and vitamin B12 lead to epigenetic modification like DNA 

methylation that leads to the suppression of tumor-suppressor genes which, therefore, prevent cancer from arising (Nasir et al., 2022). 

2. Cardiovascular Diseases (CVD): Nutrigenomics is the study of how a diet may impact the activity of genes involved in lipid metabolism, 

inflammation, or blood pressure. Omega-3 fatty acids in fish oil activate PPAR-alpha receptors that control genes controlling lipid metabolism, 
thus resulting in lowering the triglycerides in the blood and curbing inflammation. Genetic evaluation can help in identifying what individuals 

will most likely benefit from supplementation as their genes are responsive to omega-3's anti-inflammatory and heart-protective effects 

(Bakrim et al., 2024). 

3. Diabetes: Advantage the relevance and necessity of genes for glucose and carbohydrate metabolism and its relevance as tools to manage 
diabetes: Certain genes, especially variants related to TCF7L2, relate to being prone to developing type II diabetes. Such dietary-related 

interventional efforts would effectively aid in reducing blood sugars and improve the genetic liability's susceptibility for individuals through 

regulating blood sugars by being composed of fiber and by offering carbohydrates with low glycol indices (Chua-Lim et al., 2023). 

 
Inflammatory and Autoimmune Diseases 

Nutrigenomics provides insights into how diet can modulate immune responses, which is particularly relevant in inflammatory and 

autoimmune diseases. 

Inflammatory Diseases: These include conditions like obesity, heart disease, and arthritis. Some nutrients are known to induce anti-

inflammatory effects; this is through gene expression by specific nutrients such as omega-3 fatty acids, vitamin D, and polyphenols. For 
example, some studies have shown that the gene expression of inflammatory cytokines decreases when these compounds are present in 

genetically predisposed individuals (Evans et al., 2006). 

Autoimmune Diseases: Nutrigenomics is a science of study, investigating the ways by which dietary constituents can either exacerbate or 

relieve autoimmune reactions. Vitamin D controls the genes related to the function of the immune system and was observed to reduce the 
incidence of multiple sclerosis (Mohapatra et al., 2024). Antioxidants in fruits and vegetables are shown to protect cells from oxidative damage 

and could potentially regulate the immune response in diseases such as rheumatoid arthritis. 

Nutrigenomics is intended to manage genetic risks by means of targeted dietary interventions that enhance protective gene expression and 

improve outcomes for chronic, inflammatory, and autoimmune diseases. It represents a proactive, preventive path to health management. 
 

Personalized Nutrition and Precision Dietetics 

Personalized nutrition is an up-and-coming method of suggesting dietary recommendations according to personal characteristics, like 

genetics and microbiome, lifestyle, and health history. Precision dietetics applies the concept, in a clinical setting; it aims at optimizing dietary 
plans based on scientific information and individual differences. Potential benefits of the method of precision dietetics include: improved diet 

efficacy and also chronic condition management, for better all-round health outcomes due to tailored needs rather than general dictates. Long-

chain omega-3 polyunsaturated fatty acids (PUFAs) are another illustration that 'one size fits all' cannot be applied to nutritional counseling. 

Those patients who have the A allele of the APOA1 polymorphism (G>A) experience an increase of HDL cholesterol levels by increased intake 

of PUFAs, while those possessing the GG genotype experience a decrease of these levels (Li et al., 2016).  

https://go.drugbank.com/drugs/DB11133
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Genetic Testing in Nutritional Planning 

Genetic testing is an important part of personalized nutrition, which can give insights into how an individual metabolizes certain nutrients, 

predisposition to diet-related conditions, and optimal nutrient intake. By analyzing genetic variants associated with nutrient absorption, 
metabolism, and response, dietitians can design a more targeted nutritional plan that will help individuals achieve their health goals while 

considering their genetic makeup. (Robinson et al., 2021; Ellis et al., 2021).  

 

Tailoring Diets Based on Genetic Profiles 
This enables the personalization of diet recommendations for support of health and prevention of disease through the use of genetic 

profiles. This involves pinpointing the specific nutrient requirements, food sensitivities, and metabolic tendencies that could be aligned with an 

individual's biological needs in terms of diet. For example, an individual with a genetic predisposition to iron deficiency may be given a diet 

high in iron-rich foods, while another person who has lactose intolerance may be asked to avoid consuming dairy products (Singar et al., 2024; 
Works et al., 2023). 

 

Challenges and Ethical Considerations in Personalized Nutrition 

Although promising, personalized nutrition comes with costs, such as the expense of genetic testing, privacy concerns, and misuse of 
genetic data (Sawar et al., 2021). Ethical concerns involve informed consent, protection of sensitive genetic information, and avoiding genetic 

discrimination. Other genetic information might not be actionable or may not have been fully understood, thus requiring dietitians to interpret 

these results with care and transparency to make safe and effective recommendations (Kohlmeier et al., 2016; Works et al., 2023). 

 

Future Directions in Nutrigenomics 
Nutrigenomics is expected to advance through greater integration of personalized data, such as genetics, microbiome composition, and 

lifestyle factors, to provide even more precise dietary recommendations. Future directions include developing tailored interventions to prevent 

diet-related diseases and improve public health, with a focus on how nutrients influence gene expression. Expanding research in diverse 

populations will also help bridge gaps in knowledge about the global application of nutrigenomics. 
 

Emerging Technologies and Research in Nutrigenomics 

Nutrigenomics is a young science, which is developing well. Much of the earlier hype around possible applications of the science was 

unhelpful and raised expectations that have not been realized as quickly as some would have hoped. However, major advances have been made 
in quantifying the contribution of genetic variation to a wide range of phenotypes and it is now clear that for nutrition-related phenotypes, 

such as obesity and common complex diseases, the genetic contribution provided by SNP alone is often modest. There is still much to be done 

to understand the roles of less well-explored types of genomic structural variation, e.g. CNV, and of interactions between genotype and dietary 

factors in phenotype determination. Metagenomics-based studies suggest that the gut (and other) microbiota may have unexpected, and 

substantial, effects on multiple aspects of human health and that nutrition may be the most important mediator of the composition and function 
of our commensal flora. New tools, including stem cell-based approaches and genome editing, have huge potential to transform mechanistic 

nutrition research (Mathers, 2017). 

 

Potential for Nutrigenomics in Public Health 
Nutrigenomics holds promising potential for public health by enabling the development of preventive dietary guidelines tailored to genetic 

and metabolic profiles. This approach could reduce the incidence of chronic diseases such as obesity, diabetes, and cardiovascular disease at 

the population level. Public health strategies incorporating nutrigenomics could empower individuals with targeted information to make 

informed dietary choices, potentially reducing healthcare costs associated with diet-related conditions (Lucini et al., 2020). 
 

Limitations and Ongoing Challenges 

Despite its promise, nutrigenomics has limitations, especially in terms of the cost for genetic testing, low or limited genetic literacy among 

citizens, and partial understanding about complex gene-nutrient interactions. The ethical challenges related to privacy issues and abuse of 
genetic data also do not disappear. Genetic data is not perfectly predictive because environmental factors, lifestyle choices, and genes all play 

roles in health outcomes. Continued research, public education, and clear ethical frameworks are necessary to overcome these hurdles 

(Kohlmeier et al., 2016; Works et al., 2023). 

 

Conclusion 
Nutrigenomics holds great promise to change our thinking on nutrition and health. It connects genetic information with dietary choices to 

help individuals make personalized choices in response to their health needs, thereby reducing the risk of disease and improving quality of life. This 

chapter highlights the need for integrating nutrigenomic knowledge into diet planning, particularly for those with a predisposition to certain 

conditions due to their genetic makeup. However, the field is still prone to ongoing challenges such as ethical consideration and accessibility issues 
that need cautious management in order to allow equity and trust. While research continues to expand, nutrigenomics will become a critical 

component in public health initiatives and in clinical practice. The future of nutrigenomics lies in advancing our knowledge, refining technological 

tools, and developing policies that ensure safe and effective application, bringing us closer to a truly personalized approach to nutrition. 
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