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Abstract
Nutrition research is achieving new paradigms through recent advances 
in the field of Nutrigenomics. The application of genomic principles  
for the identification of relationships between certain specific nutrients with 
genetic factors is termed “Nutrigenomics”. This knowledge is essential  
to understanding the risk factors behind diet-related chronic degenerative 
diseases, which further helps resolve the underlying mechanism  
of genetic predisposition. Advances in Sciences associated with the study 
of genes have assisted in developing a deep insight into genetic variants, 
and gene expression patterns to work out therapeutic responses toward 
chronic degenerative diseases associated with Public Health. To appraise 
recent advances in Nutrigenomics with its application in Public health 
several databases including Pub Med, Google Scholar, Medline etc were 
investigated in detail. A total of 72 relevant peer-reviewed journal articles 
were included in this review paper. Nutrigenomics has an important role 
in comprehending how homeostatic control is maintained and the way 
metabolic pathways are influenced by nutrient intake. The knowledge of  
Nutrigenomics helps in working out personalized nutrition strategies for both 
prevention and management of the diseased situation. The present review 
article aims to investigate and present a piece of in-depth information about 
the latest Advances in Nutrigenomics and its application in public health.
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Introduction
The recent emergence of the Omics era has 
resulted in an upsurge of the new term “Nutritional 
Genomics”. The Nutritional genomic area is divided 
into two parts, first Nutrigenomics ie the study of the 
interaction between the genetic material with the 

dietary components and associated regulations in 
the metabolism of nutrients mainly proteins, second 
is Nutrigenetics which identifies responses related 
to dietary components about genetic differences.1 
Nature is the source of various nutrients which 
are available to us through diet and have constant 
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interaction with genetic material as demonstrated  
by the metabolism of our De oxy Ribonucleic 
Acid with a wide range of Dietary factors acting  
as cofactors in the pathway of metabolism.2

Thus Nutrigenomics is an application of genomics 
in nutrition3 it became an evident field of science 
by unrevealing interrelationships linking nutrients 
with human genomic structure and health thereby 
employing the newest tools including transcriptomics, 
epigenomics, metabolomics, and proteomics.4,5  
The impact of bioactive chemicals on gene 
expression, how our nutritional intake affects the 
pathway of our genes, and how it can be regulated 
for the treatment and prevention of diseases 
are all revealed by this developing research.6  
The interaction of nutrients with genes about specific 
health and disease concerns provides us with  

the latest information about the way specific 
processes in intermediary metabolism are regulated 
by genes providing an in-depth understanding 
of certain diseases like obesity, diabetes, and 
cardiovascular diseases having both nutrients  
as well as genetic components.

Methods
Several Electronic Databases were Searched
Medline, Cochrane Library, Scopus, Science 
Direct, Health Internetwork Access to Research 
Initiative up to January 2022. Certain keywords 
used for searching the articles were Nutrigenomics, 
Nutrigenetics, Public Health and Nutrigenomics, 
Diabetes, Obesity, Cardio Vascular Diseases  
and Nutrigenomics, Nutrigenomics, and Functional 
foods, etc.

Update on Nutrigenomics and Nutrigenetics 
De Oxy Ribonucleic Acid ( DNA)  and genetic code 
influences our nutritional needs and this information 
aids in the determination of exact amounts  
of essential nutrients that aid in the maintenance 
of health. It also aids in explaining the diet-gene 
interaction, which determines the effect of nutrition  
in promoting positive health outcomes.7,8 As a result, 
we can gain a better knowledge of how people with 
various genetic makeup react to different diets, 
which will aid in the development of technology 
aimed at matching people to the foods that best suit 
them. 9,10 By using genomic principles in nutritional 
research, we can create connections between 
specific nutrients and genetic characteristics, such 
as how diet or food additives affect gene expression. 

Knowledge of Nutrigenomics thus facilitates the 
development of a deeper insight into the impact  
of nutrition on the metabolic pathway.11 Thus this field 
of research aims to identify the influence of genes 
with a focus on the risk of developing diet-related 
diseases including the mechanisms which form the 
basis of these genetic predispositions.12

It also clarifies the etiological framework of certain 
nondegenerative diseases including Non-Insulin 
Dependent Diabetes, Cancer, Obesity, and 
Cardiovascular Disorders (CVD).8,11 Nutrigenomics 
also aids in relating genes with diet detection 
of polymorphisms with associated nutritional 
implications and the impact of environmental factors 
on their expression. Precisely this field of science 

Fig 1: Selection of Research based on the topic of Review
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assists in the impact evaluation of nutrients and 
several other bioactive components on genes 
and finally their consequence on human health. 
Nutrigenomics refers to the study of a biological 
system using functional genomic methods to learn 
how dietary components influence the pathways  
of metabolism and their associated homeostatic 
control thereby ensuring optimum diet form through 
a series of nutritional modifications.13,14

Nutrigenetics provides essential information to 
help clinicians determine the best specific diet for 
an individual.13 Nutrigenomics research employs 
transcriptomics, proteomics, and metabolomics 
technologies. The expression of genes is affected 
at multiple levels by nutrients and this includes 
regulation of genes, signal transduction, chromatin 
structure as well as protein function.14 It also 
analogous to how food affects the anatomical 
growth and development which takes place under 
genetic influence. This profiling is used to discover 
individual variances in dietary requirements as well 
as the ability to respond to food-related therapies. 
Nutrigenetics looks into the impact of genetic 
diversity on the interaction between nutrition as 
well as associated disease, as well as dietary 
recommendations.12 Nutrigenetics focuses on the 
genetic makeup of an individual as influenced 
by his/her nutrient intake.13 The study of gene-
nutrient interactions is still in its early stages. Both 
monogenetic diseases, as well as polygenetic 
diseases, are influenced by individual genotypes  
of unsuitable food.15,16  Enzymatic activity variations,  
which impact circulation and the effectiveness  
of chemicals and their metabolites, are influenced 
by genetic polymorphisms.14 Furthermore, metabolic 
illnesses like Phenylketonuria, abnormalities linked 
with oxidation of fatty acids, and hemochromatosis 
can be managed well via dietary limitations as 
worked out based on genetic makeup.17 Nutrient-
nutrient interactions can occur depending on meal 
consumption patterns, which can lead to the onset 
of certain illnesses and disorders.3,18 Certain people 
with reported deficiency of lactase enzyme may 
complain of intolerance towards lactose sugar which 
might reciprocate in gastrointestinal discomfort after 
consuming dairy products10,18 on the contrary, others 
might consume them without experiencing abdominal 

pain, or bloating, diarrhea, or malabsorption.18 This 
paves the way for "personalized nutrition," which 
could have a real-world scientific application in the 
prevention, mitigation, or cure of certain chronic 
diseases.4

Genetic Bases of Nutrigenomics and its 
Correlation with Diseases
New ‘omic’ technologies are based on deep 
understanding of nutrition, genetics and biochemistry. 
These technologies can be applied to investigate 
nutrient-gene interaction as well as underlying 
mechanism which forms explanation of genetic 
basis of interindividual differences in relationship  
to nutrient intake. 

Although Recommended Dietary Allowances (RDA) 
or Safe upper Limits guide us in planning diets 
but are not based on the individualized metabolic 
outcome, not even optimized for specific genetic 
subgroups thereby differ significantly in transport 
protein activity. It is important to match the nutrient 
intake combination ie the nutriome to the existing 
genome status that may be either inherited or 
acquired genome to ensure regular and sustainable 
maintenance of the genome, gene expression 
metabolism, and also cellular functions.15,7,8, 11,12 
Personalized nutrition plans empower patients 
and by adopting them they don’t need to endure 
unappealing, unsuccessful diets when there is the 
potential for a more beneficial alternative. Tailored 
dietary interventions designed for both prevention 
and management of chronic degenerative diseases 
keeping genetic composition as a basis have proved 
to be quite effective.21,22

During this era of nutrigenomics the researchers have 
examined the impact of genes and genetic variations 
on the requirements of nutrients. In research, animal-
based models have wider applications in which 
system-based biology methodologies can be utilized 
and these factors have a specific effect on gene 
pathways.  However, utilizing nutrigenetic techniques 
is becoming increasingly viable to develop a deeper 
understanding of the genetic foundation associated 
with the health or diseased condition which further 
facilitates the adoption of the realistic approach  
to developing a customized diet.23
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Thus the latest advancement is towards designing 
nutritional recommendations based on analysis of 
data on the variation of genes, lifestyle as influenced 
by diet, behavior, and physical activity, as well as 
the environment, and this information, is utilized 
in working out nutritional recommendations often 
in the form of  Single Nucleotide Polymorphism 
(SNPs) , but not solely.24,25  It is important to apply 
both bioinformatics as well as protein studies  
in discovering novel gene proteins also their nutrient 
connections and the reason behind disease causes. 
Analysis and interpretation of data sets associated 
with gene interaction with selected food require  
a combination of statistics and bioinformatics with 
the biological aspect. Pharmaceuticals are frequently 
used to restore health in a targeted manner, whereas 
dietary treatments are usually used to maximize 
health in a multi-parametric manner. According to a 
survey of the literature, approximately 1000 genes 
have been linked to human disorders, with 97 

percent of these resulting in monogenic diseases 
which result from a single gene having some defect 
on the genomic scale thus resulting in disease 
onset. Lactose intolerance is the most well-known 
example of this, in which a genetic change in the 
lactase gene causes insufficient lactase production 
in the small intestine. Those who suffer from lactose 
intolerance report the inability to digest lactose 
present in dairy products thus foods that contain 
lactose have to be omitted from the daily regime 
and switch to products that are lactose-free to avoid 
gastrointestinal distress.26, 27

Nutrients are widely regarded as the most powerful 
environmental stimulus, throughout their lives, 
genomes are exposed to a variety of environmental 
stressors, including diet. As a result, minerals and 
phytochemicals included in the diet have a significant 
impact on DNA expression. Dietary imbalances can 
result in interactions of genes and nutrients thereby 

Table 1: Aspects to be considered while working out personalized nutrition 
ie Precision Nutrition Strategy

Sr No Aspects Impact

1. Genetic Variation Different ethnic groups and individuals have varied genetic
  makeup and this has a direct impact on nutrient absorption 
  and metabolism.8

2. Diverse economic and This aspect has a direct bearing on the accessibility of 
 Geographic conditions nutrients besides these personal choices and perceptions 
  related also affect food or nutrient availability.11,12

3. Nutritional Status Gene expression and stability correlates with the nutritional
  status as both under and overnutrition have an impact on
  the sequence of genes and also on the structure of
  chromosomes, and this further influences the gene dosage
  and its expression, as well as undesired phenotypes at
  different stages of life.19

4. Variability at the individual Variability in dietary absorption, metabolism, disposal, and
 level food nutrients do not acquire the same levels in the
  individual’s tissue or blood sample. The mechanisms that
  drive diet-based response in persons of varied races and
  ethnicities are complex and poorly understood. These factors
  influence body weight, blood pressure,  and cholesterol
  levels differently amongst individuals.20,21

5. Miscellaneous factors  The other factors include gender differences, individuals’ 
  and activity levels along with genetic composition and
  behavioral aspects, etc and aim of nutritional genetics is to
  assist people to eat better.19
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stimulating the incidences of chronic degenerative 
diseases with a direct or indirect effect on genome 
expression.15 A wide range of dietary components 
acts as cofactors or substrates in the metabolism and 
repair of DNA. Nutrients influence the development 
of the specific phenotype however specific individual 
genotype reaction toward specific nutrients needs  
to be addressed. Genetic code is an important factor 
in the determination of stability of the genome as 
well as its health outcomes including abnormalities 
related to development, degenerative illness,  
and cancers.2

Environmental and genetic variables have a role 
in the etiology of complicated chronic disorders. 
El-Sohemy propagated the "fetal basis of adult 
disease" and also "early origins theory" which 
proposes that gene expressions are influenced by 
both nutrition and other environmental variables 
besides this cellular plasticity is also affected 
by these factors, particularly during the prenatal 
and postnatal development phase.28 The concept  
of nutrients' impacts on DNA integrity, repair, and 
various gene expression mechanisms has only lately 
gained traction in nutritional science.29 Numerous 
dietary components can influence health by altering 
genetic and epigenetic events.25 Single Nucleotide 
Polymorphism ( SNPs) have been reported to be the 
most popular genetic variant throughout the human 
genome and this has been confirmed in 1 percent  
of the human population. Furthermore, SNP analysis 
can be used as a molecular tool to investigate the 
function of human health disease and nutrition  
as well as to identify optimal diets.30

At Two Levels, Nutrients and the Genome Interact

• Nutrients can modify individual phenotypes by 
inducing or repressing gene expression.

• Single nucleotide polymorphisms, on the other 
hand, can affect the ability of certain nutrients 
to interact with them, mediators of certain 
metabolic pathways, and also their bioactivity.

Among the variety of options available Nutrigenomics 
will help in selecting the best option on the other hand 
nutrigenetics will help in creating data that may be 
used to identify the best diet for a specific subject, 
i.e. individualized nutrition.21

The Hypothesis Behind the Research of 
Nutrigenetics and Nutrigenomics

• Nutrition can affect health outcomes directly 
by changing gene expression in important 
pathways regulating metabolism which 
in turn might affect genetic mutations  
at the basic chromosomal level thereby  
resulting in a change in dosage of gene and 
expression too.21

• Health impacts of nutrients and nutriomes 
can be influenced by genetic factors which 
influence nutrient absorption and metabolism 
along with molecular interactions of certain 
enzymes with their nutrient cofactors.21

• Nutrients and phytochemicals present in food 
sources significantly affect gene expression 
and during the entire lifespan, approximately 
16 genomes reflect themselves in different 
ways because of their exposure to various 
environmental stimuli.15

Nutrients can alter a wide range of individual genes 
by activating receptors ie nutrition sensors that 
actively behave as transcription factors helping  
in binding nutrients and other metabolites,  
for example, vitamin D receptors attach to Vitamin D 
however peroxisome proliferator-activated receptors 
(PPARs) bind to a fatty acid.12 

To better comprehend the rationale for the 
relationship between foods as medicine and 
improving human health, multidisciplinary impacts 
are required. Many studies have shown that certain 
dietary ingredients may have anti-inflammatory 
qualities. Now is the time for research into the range 
of foods that can alter gene expression implicated in 
inflammation, which might be a major advance in the 
field of nutrition science. Free radicals of oxygen with 
reactive chemical characteristics,a superoxide anion 
radical (O2), Hydroxide (OH) is extremely reactive, 
and (O2) ie singlet oxygen, and also Hydrogen 
Per Oxide (H2O2) are known as Reactive Oxygen 
Species (ROS) (non-radical molecules). They can be 
produced in cells by both endogenous and external 
sources. Excess Reactive Oxygen Speciess alters 
the essential equilibrium of the intracellular redox 
state, leading to oxidative stress, biochemical 
antioxidant depletion, or both. The rate of pro-oxidant 
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(either exogenous or endogenous) formation and the 
cellular enzymatic and non-enzymatic antioxidant 
milieu are significant factors in intracellular redox 
status.32,33,34,35

Cancer and Nutrigenomics 
Cancer is a complicated disease characterized by 
abnormal gene expression, protein and metabolite 
functio. Many malignancies, according to scientific 
data, are avoidable by proper management of diet 
and nutrition as they help in managing variables in 
cancer risk reduction.36 In approximately 70 percent 
of cases of cancers, almost 35 percent of human 
malignancies are correlated with faulty dietary 
habits.37,38 The deficiency of specific nutrients which 
act as cofactors of DNA repair enzymes and also in 
the DNA oxidation prevention uracil incorporation 
in DNA can be confirmed by certain genome and 
epigenome damage biomarkers that act as sensitive 
biomarkers.39

 
Carcinogen metabolism polymorphisms may 
alter the likelihood of carcinogen interaction with 
specific cells which initiates cancer activation.  
Single Nucleotide Polymorphism inside the genes that 
code for certain hormones like androgen, progesterone 
and also estrogens, etc have been linked to cancer 
risk reduction.40 The risk of colorectal cancer is linked 
to excessive red meat-eating since the presence  
of an enzyme the N-Acetyl Transferase (NAT)  
having several polymorphs is associated with  
cancer issues.

N Acetyl Transferase is responsible for the acetylation 
of heterocyclic aromatic amines and can be present 
in well-cooked red meat. Heterocyclic aromatic 
amines (HAA) are formed when certain amino 
acids react with creatinine during high-temperature 
cooking of beef. Acetylation of Heterocyclic aromatic 
amines  (HAA) can result in reactive compounds 
that bind to DNA and cause cancer. This activity 
is only possible with NAT2 rapid acetylators. 
Hence individuals with N Acetyl Transferase 
(NAT)  acetylator genotype have an enhanced risk  
of cancer mainly in the colon region. Other 
cancers in postmenopausal women occurrence 
of breast cancer, endometrial, kidney, colon, etc.41  
Gastric cancer may be caused by specific food 
components such as salts and preservatives, which 
have been considered probable carcinogens.42 
Antioxidants that help in cancer management are 

electron acceptors that operate as therapeutic 
biologic response modifiers. Many anti-carcinogenic 
drugs work by acting as antioxidants by preventing 
DNA damage caused because of formation  
of reactive oxygen species. Antioxidants can 
easily interact with one another by sequentially 
recycling redox processes to neutralize Reactive  
Oxygen Species or free radicals.43

One of the significant successes is the development 
of dietary substances that can modify the expression 
of certain genes involved in the neutralization  
of Reactive Oxygen Species. Phytoestrogens, on the 
other hand, are plant-derived compounds that have  
a structural similarity to human estrogen. It could 
serve as an estrogen agonist or antagonist, 
competing with estrogen receptors for binding. 
Lignans, isoflavones, coumestans, stilbenes, 
flavones, and flavanones are examples of these 
compounds. Isoflavones are a phytoestrogen found 
in high amounts in soy products including tofu,  
soy milk, textured soy protein, and miso. Many 
plants contain lignans, which are the building blocks 
of plant cell walls. Dietary lignans can be found 
in a variety of foods, including vegetables, whole 
grains, and tea. Previous research has shown that 
dietary food components have a synergistic effect 
with anti-cancer drugs.44,45 Previous studies on 
cancer prevention have found that specific dietary 
consumption affects major signaling pathways 
which get disrupted in certain malignancies.  
Many phytochemicals have cancer-preventing 
properties (more than 1000).46 Poly Unsaturated 
Fatty acids with long-chain help in the prevention 
of cancer by prevention of growth, neurological 
development, and acquired and innate immunity 
besides influencing the severity of noncommunicable 
chronic degenerative diseases.47,48,49 Colonic tumor 
development is suppressed by the administration  
of omega 3 fatty acids as proved by certain invivo and 
invitro researches. A variety of bioactive components 
present in both vegetables and fruits  help to prevent 
cancer by speeding up the detoxification process.50,51

Diabetes and Nutrigenomics
Diabetes affects the human population globally 
with anticipation that their number will rise from 387 
million to 592 million by 2035. (International Diabetes 
Federation, IDF).52The death of pancreatic islets 
by T lymphocyte infiltration causes type I diabetes 
(T1DM), which results in cell loss and inadequate 
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insulin secretion, whereas type II diabetes (T2DM), 
which accounts for more than 90% of diabetes 
cases, is the most common complicated condition. 
Diabetes Mellitus  primarily affects persons between 
the ages of 40 and 59. Many various factors, such 
as metabolic profile, genes and food, environmental 
changes, and their interactions, play a major role in 
illness progression and pathogenesis. The impact 
of dietary items on gene activity was investigated 
utilizing omics methods, which aid in the discovery 
of targets such as proteins, genes, and their 
interactions with nutrients.53

It is critical to investigate nutrient-gene interactions in 
the etiopathogenesis of diverse metabolic disorders. 
By modulating signaling molecules in complex 
metabolic processes, these factors can regulate 
gene expression. A genomics study found that 65 
(SNPs) are connected to the chance of having Type 
2 Diabetes . With recent advances in human genome 
decoding and genome sequencing, testing for the 
detection of (SNPs) linked to Type II Diabetes has 
become more accessible to individuals, allowing 
patients to learn about their genetic predisposition 
to the disease's development.54

Cardiovascular Diseases and Nutrigenomics
 World Health Organization stated that Cardiovascular 
diseases contribute to 17.5 million deaths in 2012. 
In cases of Cardio Vascular Diseases (CVD), intimal 
lesions arise as a result of lipid accumulation, 
pus cells, blood cells, fibrosis, inflammatory 
response, and cell death in blood arteries.55 Nutrition  
is important in the treatment and prevention  
of cardiovascular disease. Peroxisome proliferator 
(PPAR),  Fatty acid synthetase (FASN), lipoprotein 
lipase (LPL), arachidonate 5 lipoxygenase (ALOX5), 
apolipoprotein E (APOE), and other genes that 
aid in metabolism and lipid biosynthesis can all 
be controlled by eating a nutritious diet. Variation 
in the genes that code for various enzymes, 
hormones, and apolipoproteins can alter a person's 
susceptibility to cardiovascular disease.55 Evidence-
based research has reported that the arachidonate 
5 lipoxygenase (ALOX5) gene, influences the 
synthesis of leukotriene, chemokines, and cytokines 
as its increased levels were found in individuals 
suffering from atherosclerotic lesions, indicating an 
increase in inflammatory cell mobilization. However, 
by consuming a diet rich in omega 3 polyunsaturated 
fatty acids, which alter eicosanoid biosynthesis, 

leukotriene formation is inhibited.56 By influencing 
the expression of factors, polyunsaturated fatty 
acids (PUFA) assist in the metabolism of lipids and 
carbohydrates. As a result, patients who consumed 
these necessary fatty acids had lower levels  
of low-density lipoprotein (LDL) cholesterol.57  
In response to a high-fat diet, protective HDL 
levels are enhanced by one polymorphism  
(-504 cc) among the hepatic lipase gene in 
select ethnic groups, such as African–Americans.  
PUFA controls gene expression by changing 
membrane fluidity or by generating alternative 
ligands. Thus, the above explanations indicate 
that according to a person’s genotype, dietary  
actions might be utilized in the management  
of Cardiac Dieases.46

Obesity and Nutrigenomics
Obesity is a nutrition-related illness that greatly 
increases vulnerability to degenerative diseases 
and is one of the primary metabolic anomalies. As a 
result, an individual's propensity to obesity is defined 
by the energy balance regulation in genetically set 
patterns.24 According to research, roughly 80%  
of the differences in twins' Body Mass Index (BMI) are 
due to hereditary factors.58 Genes with polymorphic 
characteristics involved in encoding peripheral and 
central factors associated with energy expenditure 
and intake have been published besides this several 
peripheral signaling peptides such cholecystokinin, 
leptin, insulin, and ghrelin, as well as some related 
encoding taste receptors, influence food intake 
control due to polymorphisms in the genes and 
have a direct association with weight management. 
Genes involved in modulators of energy expenditure 
encoding have polymorphic characteristics,  
and are deeply involved in the regulation of adipocyte 
development and differentiation and also protein 
uncoupling. Melanocortin pathway components, 
hypothalamic neuropeptide Y, and other key 
neuropeptides make up a polymorphic central 
regulator of energy intake.24

Nutrigenomics has the potential to control the chronic 
inflammation that occurs in obesity. Some foods 
contain anti-inflammatory bioactive chemicals such 
as quercetin (greens and fruits), caffeic acid (yerba 
mate), lycopene (guavas, melons, and tomatoes), 
and tyrosol (fruits and vegetables) (olive oil). These 
bioactive compounds suppress the expression  
of certain genes. Green tea contains -tocopherol, 
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which reduces inflammatory activities as it is an 
antioxidant and is quite effective in protecting 
obese research suggests that this component may  
be useful in the treatment of obesity.59

Functional Foods and Nutrigenomics
The concept of functional foods first emerged 
in Japan in the 1980s, 1999 it was explained as  
a food source containing certain nutrients or non-
nutrient having a specific impact on certain body 
functions of an individual and also ensuring proper 
supply of nutrients thus facilitating functional 
and nutritional benefits60. Natural foods rich  
in minerals, vitamins, fatty acids, phytosterol, and 
antioxidants are categorized as functional foods.  
In the present scenario, the food industry focuses 
on the development of functional foods targeting 
calorie reduction, reducing glycaemic index, and 
lower in fat content.61

Application of Nutrigenomics in the Production 
of Genetically Modified Foods

• Knowledge of Nutrigenomics can be applied 
for development of Functional Foods. 
Transgenic organism or foods which are 
beneficial for general wellbeing as well as in 
certain diseased conditions can be produced 
commercially by altering certain genes.62

• Beginning of post genomic age is related to 
production of functional meals supporting 
specific health benefit. Such health claims 
are benefitted by sophisticated Technologies 
like DNA chip technology applied in integrated 
form on omics platform, striving to provide 
society with nutritionally rich and diversified 
balance diet.63 

• Application of cutting edge technologies like 
genomics, proteomics and metabolomics for 
improving crop production and enhancing 
functional food sources in market can further 
help in lowering unflavourful chemicals like 
phytic acid, acrylamide amino acids there  
by improving nutrition further.64,65,66,67

Future Trends and Challenges in Nutrigenomics
Nutrigenetics and nutrigenomics are becoming 
increasingly important particularly in research 
based on health and nutritional outcomes, by using 
‘omic’ technologies as well as biomarkers one 
can comprehensively study the outcomes on the 

nutritional status. Although these technologies are 
in a very preliminary stage however others are quite 
established with proven results. Now it is evident 
that information related to the genotype or species, 
of the individual, has a great influence on dietary 
requirements. Therefore, dietary recommendations 
based on genotypes of individuals are practical 
only in certain cases wherein the genotypic effect 
outweighs the other determinants like the nutritional 
and health status of the individual. Nutrigenomics 
evidence-based works are generating a flood  
of new information, and it will become clearer as 
time goes on which genetic characteristics should be 
given special consideration while working out dietary 
recommendations for main subgroups based on 
genetic information. Research has provided effective 
evidence highlighting vast variation in responses  
to dietary changes within a common genetic 
subgroup too. Hence it can be considered essential 
in the case of personalized nutrition targeting 
health benefits for an individual one needs  
to collaborate advice based on nutrigenetics with 
‘omic’ biomarkers.68

Therefore, an evidence-based approach is essential 
before implementing nutrigenetic/ nutrigenomic 
science and scrutinizing it appropriately for success. 
Dieticians and medical personnel should enrich their 
knowledge in the discussed field via appropriate 
sources so that practical application of their ideas 
is ensured and their exploitation is avoided since 
nutrition has an integrated approach with preventive 
medicine. Everyone reacts to food differently 
therefore it is recommended to adopt targeted 
intervention strategies to develop an understanding 
with deep insight of how the phenotype is affected 
by nutrient gene interactions. Furthermore, 
this information is quite helpful in developing  
a personalized approach targeting nutrition mainly 
towards disease prevention and devising therapy. 
The challenges of unraveling the nutrigenomic-
disease interrelationship will be difficult, but 
the public health ramifications are tremendous.  
It's crucial to assess whether personalized individual 
advice can promote public health.

The use of nutrigenetics/nutrigenomics targeting 
public health advice comes with its own set  
of dangers. Since it targets the study of health 
and disease association with genes thereby 
diluting broad health-related messages. However,  
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it is expected that in long run such scientific fields 
can assist in optimizing nutrition with a focus on 
the commendable impact on health, and wellness  
as well as slowing the process of age retardation.69 

By revealing novel nutrient-gene interactions, 
supporting new diagnostic tests for negative diet 
responses, and differentiating and managing 
populations with specialized nutrient requirements, 
nutrigenomic applications will benefit human health 
in both the short and long term.

Biomarkers for societal well-being, early biomarkers 
for disease predisposition, and bioactive food 
components are all predicted to be delivered via 
nutrigenomics in the future. Furthermore, to reap 
the benefits of these bidirectional technologies, 
both developing and developed countries should 
establish a robust network to share scientific and 
technological experience in nutrigenomics through 
the implementation and integration of new post-
genomic technologies.70 The most pressing issue 
in nutrigenomics is a large amount of gathered 
data and generated information, such as genotype 
characterization, diet-gene interactions, and 
the reusability of biobank data. One of the most 
critical considerations about nutrigenomics is how 
individuals will approach nutrigenetic tests and 
the lifestyle and nutritional advice that comes with 
them. To examine the nutrigenomic product, multiple 
regulatory frameworks and ethical criteria are 
required. In terms of basic nutrigenomics research 
and its commercial and therapeutic applications, 
international experts highlighted five areas.  
(i) Nutrigenomics contributes to the development 
of health claims. (ii) nutrigenomics products (iii) 
nutrigenomic information supervision (iv) fair access 
to nutrigenomics (v) nutrigenomics service delivery 
techniques As a result, it is critical to increase the 
intensity of discourse to better comprehend and 
manage all of the aforementioned issues.71

The goal of nutrigenomics is to prevent chronic 
diseases from starting and progressing. Its 
knowledge is useful for health promotion, chronic 
illness prevention, and treatment. Nutrigenomics 
is beneficial to all healthy people, not only patients 
but also those at risk. The globe is confronting 
an increasing epidemic of certain chronic non-
communicable degenerative diseases in terms  

of health. For the treatment or prevention of these 
disorders, we need to focus more on nutritional 
studies. However, this branch of science is still in 
the emerging phase as we need sufficient evidence 
for validation of results attained for benefits related 
to health as well as prevention of diseases. It is 
critical to identify volunteers for nutritional and 
epidemiological studies who are representative 
of entire communities. The selection of research 
volunteers can be a difficult undertaking that poses 
both scientific and ethical concerns. To manage 
information on nutrigenomics, benefits of health 
claims and information on nutrigenomics products 
also deliver methods associated with related 
services, and equitable access to the public as these 
are important aspects to be fulfilled while conducting 
nutrition research.72 Nutrigenomics helps in the 
detection of vulnerability to disease resulting from 
low penetrance polymorphisms, nutritional genetics 
will almost certainly always be a probabilistic 
science. The ethical and regulatory difficulties related 
to dietary genetics are partly relevant to the nature 
and strength of the science, therefore researchers 
should be cautious. As research reveals mysteries or 
answers questions about the individual brain so there 
must be an ethical as well as regulatory assessment 
of science. Thus it is important to create awareness 
in the public, tactics prevention, and development  
of insight related to possible hazards and associated 
advantages in the ever-growing field of science 
loaded with the latest opportunities and limitations in 
the field of nutrigenomics along with its commercial 
application. Thus this rapidly evolving branch  
of nutritional genetics is of great promise for identifying 
susceptibilities related to disease occurrence which 
can be considered a mandatory effort for health 
promotion as well as prevention. However there  
is still a lack of proper pieces of evidence required 
for validation of results considering the global health 
scenario as the entire globe is facing the growing 
epidemic of certain noncommunicable chronic 
diseases, hence efforts should be directed towards 
nutrition research not only for curing but also for 
prevention of these diseases.

Conclusion
Nutrigenetics examines how an individual's gene 
setup interacts with specific dietary nutrients.  
This branch looks at the impact of genetic diversity 
on the diet-disease interaction or nutritional 
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recommendations. However, while their immediate 
objectives are distinct, the long-term goal  
of nutritional research is to improve an individual’s 
health and help in the prevention of disease.  
Vast information has been revealed by gene-specific 
dietary information and this has assisted physicians 
in devising medicinal approaches to the treatment 
of complicated diseases degenerative in nature.  
In the future, this information can be applied to  
a wide population, but feasibility is to be confirmed, 
but nutrigenomics knowledge is predicted to 
allow for more tailored interventions shortly.  
The scientific community must work together to 
adhere to the principles set forth for nutritional 
research in terms of experimental design, analysis, 
and data management. This technique will aid 
in the creation of a meaningful database useful 
for clinicians and practitioners. Thus with help  
of research involving understanding nutrigenomics 
better dietary regimes might be formulated and 
novel treatments for certain chronic diseases can be 
worked out. By applying approaches including single 
nucleotide polymorphisms (SNPs), microarrays, 
and genomics for improving nutrient intake 
thereby promoting overall health and wellbeing.  

Thus amalgamation of both these disciplines ie 
Nutrition and genetics helps in investigating how 
genetic variation impacts diet and disease thus helps 
in devising long-term goals for improving health and 
prevention of disease. In the future, this knowledge 
needs to be applied and used for a larger population 
with proper planning and targeted interventions. 
To ensure success collective efforts of the entire 
scientific community are essential and this will help 
us in the creation of a strong database validated 
with strong evidence helpful for Dieticians as well 
as Clinicians.
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