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1. Introduction 

In the current era, scientific research extends beyond understanding the 
mechanisms and functional principles of biological pathways, focusing increasingly 
on their practical applications and translational potential. Currently, it is employed in 
biomedical fields, facilitating the discovery of novel therapeutic compounds and the 
development of modern technologies, thus helping researchers across the globe. These 
advancements occur rapidly and have a greater impact on both individual and societal 
lives. Likewise, the multidisciplinary approach that integrates different areas is 
currently essential for the management and treatment of disorders and individual 
lifestyles. These integrated strategies have the potential to enhance disease prevention, 
improve therapeutic outcomes, and ultimately promote human health and well-being 
[1]. Food and nutrition have remained an important area of human interest since the 
beginning. Transformation from nutrient enrichment to personalized nutrition is 
currently underway in the area of food science and therapeutic physiology. The choice 
of an individual’s lifestyle and other contributing factors have a great impact on the 
physiological functions of the person [2,3]. Recent scientific discoveries have 
identified a complex relationship among genetics, lifestyle, environment, and the gut 
microbiome, which influences human health. These findings have given rise to a new 
paradigm—personalized nutrition—where dietary interventions are tailored to an 
individual’s biological characteristics and health needs. Microbiota represents a 
dynamic ecosystem of different microorganisms, can influence various functions and 
overall well-being [4–6]. 

1.1. The human microbiome 

The microbiome is the collection of all microorganisms associated with a 
particular place, such as the gastrointestinal tract (GIT) of animals. Human GIT 
harbors trillions of microbes, which contribute significantly to different functions and 
influence the immune system and gut homeostasis [7,8]. These microbes also 
influence the interaction with host cells, disease progression, and health status. 
Advances in genomic technologies help to explore these intricate interactions and 
provide insight to decipher such phenomena for different pathophysiological functions. 
The consideration of the microbiome as a hidden organ reflects its critical role in 
maintaining physiological homeostasis [9–11]. 
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1.2. Personalized nutrition 

Traditional nutrition is designed for general populations rather than specific 
individuals’ needs. Despite having valuable insights, these traditional guidelines fail 
to account for interindividual differences in genetics, metabolism, lifestyle, and 
microbial composition [12]. To overcome these limitations, the discipline of 
personalized nutrition was introduced. In personalized nutrition, different biological 
and environmental factors, such as genetic differences, metabolic biomarkers, dietary 
habits, etc., are integrated to develop a person-specific nutritional requirement [13,14]. 

1.3. The probiotics and postbiotics 

Microbiome innovations can be extended beyond the characterization of targeted 
modulation of microbial ecosystems and their implications. Probiotics, postbiotics, 
and other substances are influencing these intricate ecosystems and offer a way to be 
targeted for disease prevention and microbiome restoration. Probiotics, which are live 
microorganisms that confer health benefits when taken in adequate amounts, remain 
the widely studied microbiome-based interventions in dietary and personalized 
nutrition [15,16]. However, recent research highlights that future microbial 
therapeutics may take advantage of more sophisticated approaches, including the next-
generation probiotics, which offer promising opportunities for disease prevention and 
personalized health development. Likewise, the postbiotics—preparations of 
inanimate microorganisms and their components that confer a health benefit to the 
host—have attracted increasing attention due to their non-living nature, stability, and 
therapeutic potential [17]. Progress in comparative genomics and probiogenomics 
(genomic investigation of probiotics) is helping researchers to identify microbial 
strains with specific functional properties. Integrating these technologies with 
probiotic-based science can accelerate the development of precision probiotics tailored 
for individual health and nutritional requirements [18]. 

1.4. Multi-omics technologies 

The emergence of multi-omics technologies has transformed the potential to 
investigate complex biological data and has led to meaningful observations. Genomics, 
transcriptomics, proteomics, metabolomics, and metagenomics collectively provide 
comprehensive insights into host and microbial functions, and can decipher the 
understanding of the impacts of dietary components to influence the biological 
pathways. These approaches can also help to identify novel biomarkers and 
therapeutic targets that might be used for the prevention and treatment of different 
diseases [19,20]. Integrating microbiome data with host omics insights offers a 
promising way to formulate and develop a personalized dietary plan [21]. 

1.5. Artificial intelligence in precision nutrition 

The role of artificial intelligence (AI) in science is growing rapidly. Currently, 
AI tools are used across food, biotechnology, health, agriculture, and related fields and 
have the potential to be employed in personalized nutrition development. Artificial 
intelligence and machine learning are emerging tools that help to analyze large 
datasets generated during microbiome and multi-omics research [22]. These AI-based 
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models identify patterns, predict dietary responses, and support personal nutritional 
requirements [23,24]. These innovations develop opportunities to optimize nutritional 
interventions according to the individual’s health status [25,26]. 

1.6. Current challenges 

Despite remarkable progress in the field of personalized nutrition, several 
challenges, such as standardization of protocols, data reproducibility and 
harmonization, and regulatory frameworks, still exist and require attention. Ethical 
considerations in AI tools, including data privacy and responsible use, also need to be 
considered [27]. Translating these findings to practical implementation remains 
another challenge [28]. Interdisciplinary research and collaboration among 
microbiologists, nutritionists, clinicians, computational scientists, policymakers, and 
industry stakeholders are anticipated to overcome existing limitations and help to 
translate these findings to real-life solutions [29]. 

2. Conclusion 

Personalized nutrition is a field of interest among researchers due to its potential 
to impact a person’s lifestyle; thus, a deeper understanding of its components, i.e., 
contributing factors, guidelines, advanced technologies, etc., remains important. 
Probiotics and postbiotic-based intervention and the use of multi-omics technologies 
are promising avenues to advance the discipline and optimize its parameters. 
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