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   ABSTRACT   

The intensity of lifestyle disease-driven global health crises leads to the adoption 

of unprocessed nutrition which bases itself on scientific models of biochemical 

integrity and evolutionary dietary traces. The review analyzes how unprocessed 

food benefits our bodies by maintaining phytonutrients and enzymes with their 

original activity as well as preserving the molecular structure of food. Dietary 

fiber together with polyphenols and bioactive peptides generate a synergistic 

effect that regulates key signaling pathways becoming influential through their 

actions on NF-κB and AMPK and SIRT1 pathways. The fields of metabolomics 

and nutrigenomics and next-generation sequencing technology have 

transformed our comprehension of unprocessed food impacts on gene 

expression along with redox stability and gastrointestinal microbe communities. 

Research involving CRISPR-based microbiome editing and multi-omics data 

combination has shown how individual reactions to unprocessed food diets 

affect non-communicable diseases like metabolic syndrome and neuro-

inflammation and gut dysbiosis. Researchers use machine learning methods to 

determine dietary outcomes while identifying population groups through 

metabolic reactions after consuming unprocessed food. This paper evaluates 

existing research to promote a systems biology strategy for unprocessed 

nutrition by showing its value for disease prevention together with its potential 

as precision nutrition-based therapeutic applications. Upcoming integrative 

health plans will use unprocessed nutrition as their central guiding principle due 

to biochemical knowledge and technological development. 

 

 

I. Introduction 

Escalating lifestyle associated health disorders have drawn the attention to unprocessed nutrition 

as an important element in preventive and therapeutic arenas of biomedical science. Unprocessed 

food is defined as the food that has remained largely untouched from its natural state, so that the 

original molecular structure is mostly intact, and therefore retains the enzymes, phytonutrients, 

and bioactive compounds in their optimal condition (Onyeaka et al., 2023). Recently, the rapid 

rise in scientific research has emphasized the multi—dimensional effects of unprocessed diets on 

metabolic inflammatory and epigenetic pathways of the body (Ramos-Lopez et al., 2021). 

mailto:salehamaryam2000@gmail.com
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Biochemical mechanism, health implication, and therapeutic possibility of the unprocessed 

nutrition is reviewed in this paper and in context of modern innovations in omics technologies, 

microbiome research, and personalized health intervention. 

These biologically intact macronutrients and micronutrients are in many varied forms in raw, 

unprocessed food. These foods are rich in indigenous enzymes and phytochemicals (polyphenol 

and flavonoid, for instance) having high ant oxidative properties and redox homeostasis. The 

biological efficacy of unprocessed diets is centrally based on actions on molecular pathways, such 

as NF- κB, AMPK, and SIRT1 pathways. These are signaling cascades that regulate inflammation, 

mitochondrial biogenesis and cellular metabolism (Naveen et al., 2024). For example, activation 

of SIRT1 is known to improve the ability to resist oxidative stress or extend life span through the 

control of FOXO and PGC-1α transcription factors (Guan et al., 2025). Likewise, unprocessed 

polyphenol rich diets inhibit NF-κB activation resulting in suppressing of pro-inflammatory 

cytokine production and enhancing immune resilience (Jantan et al., 2021). 

In only a few years, recent advances in metabolomics and nutrigenomics have made us privy to 

the biochemical footprints of unprocessed nutrition. However, the high-throughput techniques 

permit very precise quantification of metabolites and the changes in gene expression, as a result of 

dietary inputs. Most importantly, nutrigenomic profiling shows how whole food matrices interact 

with epigenetic regulators such as DNA methyltransferases and histone deacetylases thereby 

epigenetically modulating gene expression patterns linked to chronic diseases. For example, their 

consumption of whole fruits and vegetables benefits tumors suppressor gene hypo methylation and 

insulin sensitivity in prediabetes individuals (Chen et al., 2020). 

Unprocessed diets affect the physiological system through the gastrointestinal tract in a critical 

intermediary manner. Dietary fiber, polyphenols and resistant starches help form gut microbiota 

composition and allow the retention of the widest possible range of bacterial groups found in 

nature. These substrates enable the growth of beneficial bacterial taxa, Bifidobacterium and 

Akkermansia muciniphila, that produce butyrate as well as other short-chain fatty acids (SCFAs). 

Energy sources from SCFAs are used by colonocytes, SCFAs regulate immune responses, and 

SCFAs enhance integrity of the intestinal barrier (Rauf et al., 2022). Processed food heavy diet 

disrupts gut homeostasis, which is fixed by unprocessed nutritional interventions through an 

improvement in the diversity of their microbiomes and decreased markers of endotoxemia. 
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With the emergence of CRISPR-Cas9 mediated techniques, microbiome engineering is gaining 

new pathways for precision modulation of gut flora, in a way to amplify the benefits of 

unprocessed diets (Bai et al., 2023). Consequently, now with multi-omics approaches bringing 

together transcriptomics, proteomics and metabolomics researchers can characterize individual 

variability in dietary response at previously unprecedented granularity. Machine learning models 

are also created to predict glycemic response and inflammatory markers from the gut microbiota 

and genomic profiles (Guizar-Heredia et al., 2023), further adding to personalized nutrition 

strategies. By these predictive analytics, dietary recommendations specifically can be refined so 

as to optimize the therapeutic outcomes in the settings of metabolic syndrome, neuroinflammation, 

as well as gastrointestinal dysbiosis. 

Table 1 The key mechanisms and technologies associated with unprocessed nutrition: 

Domain Mechanism/Technology Function 

Biochemical 

Pathways 

NF-κB, AMPK, SIRT1 Modulation of inflammation, 

metabolism, mitochondrial function 

Nutrigenomics DNA methylation, Histone 

modification 

Epigenetic regulation of gene 

expression 

Metabolomics LC-MS, NMR spectroscopy Identification of metabolic 

biomarkers 

Gut Microbiota SCFA production, microbial 

diversity 

Maintenance of intestinal and 

systemic health 

Precision 

Nutrition 

Machine learning-based dietary 

modeling 

Tailored interventions for disease 

prevention and health optimization 

Microbiome 

Engineering 

CRISPR-Cas9 Targeted modulation of gut microbial 

composition 

Moving towards health science related to systems biology, unprocessed nutrition becomes a 

mainline perspective in integrative healthcare models. The future of research is poised to delve 

further into the understanding of Food Gene Environment interactions with big data analytics and 

AI driven insights. With these scientific advances, public health policies now need to embrace 

these advances by standing by whole food based dietary guidelines more than calorie focused 

approaches. 
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II. Nutrient Composition and Molecular Integrity 

Processed foods are subtly different from unprocessed foods in that they do not have the natural 

structure and complexity of nutrients such as phytonutrients, enzymes, as well as other bioactive 

compounds. Plant derived compounds called phytonutrients rub the flavonoids, carotenoids and 

glucosinolates are potent antioxidant and anti-inflammatory agents (Ofori et al., 2024). However, 

because of their exposure to very high temperatures, chemical additives, or mechanical alterations 

during processing, these compounds are subject to degradation or diminution to a great extent. 

Thermal processing and refining can strip fruits and vegetables of important flavonoids and 

phenolic acids for modulation of oxidative stress, strengthening of cellular signaling pathways 

important in immune regulation and cancer prevention, for instance (Wu et al., 2024). 

Processed foods contain no active enzymes like amylase, lipase, bromelain, which help to digest 

and ingest in metabolized activities. Processed food is cooked and sterilized and many times 

irradiated, which destroys or denatures these enzymes (Fischer, 2024). In raw foods, enzymatic 

activity is also active in assisting of nutrient absorption and to biochemical reactions that are 

influencing systemic detoxification, energy metabolism and inflammatory control. In addition, 

bioactive compounds like bioactive peptides, alkaloids, retain bioactivity upon ingestion of 

unprocessed foods and are largely unaltered for their biological targets like hormone receptors and 

immune cells (Xavier et al., 2024). 

It is central to the food's ability to benefit health that its molecular integrity should be preserved in 

unprocessed food. Therefore, when foods retain their natural matrices, the synergistic effects of 

the nutritional components remain and biological action is thus more effective. A holistic 

nutritional structure that supports homeostasis (Chen et al., 2022). The consumption of foods in 

their closest to natural form provides the individual with high nutrient density while, at the same 

time, reducing the possibility of overloading with nutrients and balancing the interaction with the 

physiological systems in a more balanced and sustainable manner, and contributes significantly to 

the prevention of chronic diseases and the promotion of a long term well-being. 

III. Biochemical Mechanisms and Pathways 

It has an extraordinary influence on several main biochemical pathways aimed at controlling 

inflammation, energy metabolism and cellular aging that have not been processed. One of the most 

studied pathways which are affected by whole food intake is NF-κB (nuclear factor kappa–light–
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chain–enhancer of activated B cells) signaling cascade. The NF-κB is central regulator of 

inflammatory processes whose chronic activation is linked to progression of diseases like arthritis, 

obesity or cancer. Unprocessed foods such as polyphenols and flavonoids are phytonutrients that 

have been shown to inhibit NF-κB activation and hence reduce the expression of pro-inflammatory 

cytokines, namely TNF-α, IL-6 and IL-1β (Chen et al., 2022). This anti-inflammatory modulation 

is central to maintaining immune equilibrium and an anti-inflammatory tone so to speak, in order 

to prevent chronic low grade inflammation. 

AMPK (adenosine monophosphate-activated protein kinase) is a pivotal pathway that is also 

positively affected by unprocessed nutrition as a master regulator of cellular energy homeostasis. 

Increased glucose uptake, fatty acid oxidation, and mitochondrial biogenesis, all of which are 

relevant to metabolic balance, are activated by the activation of AMPK. Naturally occurring 

compounds, such as resveratrol and quercetin, found in larger abundance in minimally processed 

plant foods carry the identity of activators of AMPK, and as such, these compounds are known for 

their ability to decrease the risk of being prone to metabolic disorders such as type 2 diabetes, and 

obesity (Amirullah et al., 2024). In addition, the intake of unprocessed foods has influence on one 

of the main pathways that are involved in the regulation of the impact of caloric restriction and 

lifespan, namely the SIRT1 (sirtuin 1) pathway. SIRT1 controls the activity of a number of 

transcription factors (PCG-1α, FOXOs) that are involved in regulating responses to oxidative 

stress, mitochondrial health and cell repair processes (Shen et al., 2021). 

Unprocessed diets exert their therapeutic potential by way of some of these nutrient driven 

interactions with molecular and cellular targets. Such diets do not only deliver calories, but they 

also modulate intracellular signaling networks, and this dietary pattern closely relates to regulation 

of gene expression, inflammation, and metabolism. Unprocessed nutrition engenders these 

biochemical pathways to support physiological balance as well as to interfere in the disease 

pathogenesis at the molecular level. 

IV. Nutrigenomics and Epigenetic Modulation 

A rapidly emerging field, nutrigenomics explores the interaction of nutrients and the genome and 

how diet can impact gene expression as well as individual susceptibility to disease. Unprocessed 

nutrition, with its rich array of intact bioactive compounds, plays a critical role in epigenetic 

regulation—particularly through DNA methylation and histone modifications. Long term health 
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outcome is mediated by these epigenetic mechanisms that turn genes on or off, but do not alter the 

underlying DNA sequence (Acharjee et al., 2023). 

Consumption of whole, unprocessed foods has been shown to have beneficial epigenetic effects 

including demethylation of tumor suppressor genes and suppressing onogenic pathways. For 

instance, epigenetic modulator such as sulforaphane from raw cruciferous vegetables results from 

anti-cancer gene expression profile and has influence on histone deacetylase activity. Furthermore, 

these leafy greens, legumes, and seeds are rich in folate and other methyl donors that directly 

control DNA methylation patterns affecting the metabolic regulation and developmental processes 

(Aslam et al., 2024). 

Regulation of gene expression by unprocessed dietary inputs also plays an important role in the 

prevention of chronic disease. It changes the expression of genes involved in the lipid metabolism, 

insulin sensitivity and inflammation by interacting with the cellular transcription factors and 

regulatory RNAs in whole food matrices. This, in turn, can be utilized for better outcomes in such 

cases as obesity, type 2 diabetes, and cardiovascular disease. Studies have also shown that diets 

rich in unprocessed plant based foods at the population level can result in epigenomic shifts that 

are favorable for insulin signaling and lower system inflammation in population's with metabolic 

risk factors (Wang et al., 2023). 

Consequently, the aspect of unprocessed nutrition is the unifying ground for integrating 

nutrigenomic principles in order to gain insight into how dietary quality affects gene function. 

Building upon this work, it allows one to bridge most effectively the gap between nutrition science 

and molecular biology for identifying promising pathways of personalizing nutrition strategies and 

developing epigenetic therapies aimed at optimizing long term health. 

V. Metabolomics and Systems Biology 

Metabolomics, a field within systems biology, offers a more sophisticated perspective of the 

metabolic effects of unprocessed nutrition. Now researchers are able to analyze the metabolites of 

dietary intake with technologies such as liquid chromatography–mass spectrometry (LC-MS) and 

nuclear magnetic resonance (NMR) spectroscopy to sample the whole range of small molecule 

metabolites produced in response to nutritional intake (Chong et al., 2023). These technologies 

enable the precise tracking of metabolic change that occurs when people eat unprocessed foods, 

thus allowing the discovery of patterns that result in the better wellbeing of people. 
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There is proof that unprocessed diets have one of kind metabolic signatures with more elevated 

concentrations of such valuable ingredients as short chain solar fatty acids, antioxidants and anti-

inflammatory lipids. And these metabolites are the biomarkers that reflect what the body does 

when one eats the whole food, nutrient dense ingredients (Conde et al., 2022). For example, those 

individuals consuming fiber rich unprocessed plant based diets, found to cause an increase in levels 

of butyrate and propionate in the gut are, also, known to have improved gut health and reduced 

inflammation. Moreover, metabolites produced from flavonoid metabolism (e.g., quercetin 

glucuronides) can be used as biomarker of antioxidant capacity and vascular health. 

Merging of metabolomic data into the systems biology frameworks facilitate the holistic studies 

of how food affects biological networks and mechanisms of diseases. In contrast to that approach, 

this approach does not see nutrition as a singular effort, but more as a complex interrelated network 

of all of the permutations of the three genetic trinities in tandem with diet, microbiota, and 

environmental exposures. The use of computational tools and network analysis is coupled to 

metabolic responses to link to gene expression, protein function, and cellular behavior in systems 

biology models. Applying these integrative analyses to unprocessed nutrition provides the ability 

to clarify how whole food based diets modulate pathways in metabolic syndrome, cardiovascular 

health and cancer. In this context, the convergence of metabolomics and systems biology can be 

considered a frontier in precision nutrition, as the resulting insight can guide the development of 

individualized dietary interventions based on metabolic phenotypes. 

VI. Gut Microbiota and Gastrointestinal Health 

The gut microbiota is central in enabling the health benefits of unprocessed nutrition as a target 

and a modulator of dietary inputs. Not to mention, dietary fiber, resistant starches and polyphenols 

are all components not to mention they are key substrates for beneficial gut bacteria which are all 

naturally rich in unprocessed foods. These compounds are not digested by human enzymes but are 

fermented by colonic microbiota and result in the formation of short chain fatty acid (SCFA) 

product, acetate propionate, and butyrate (Oliveira et al., 2021). SCFAs are necessary for the 

propriety maintenance of intestinal epithelial integrity, the regulation of immune responses and 

suppression of systemic inflammation. 

Unprocessed foods are what a diet based on should consist of as it supports a diverse and resilient 

gut microbial community. Fiber rich environments allow for bacterial genera (Bifidobacterium, 

Lactobacillus as well as Akkermansia muciniphila) to thrive and positively contribute to health. 
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Akkermansia, for example, has been shown to be associated with improved gut barrier function, 

decrease metabolic endotoxemia, and Bifidobacterium is involved in increasing nutrient synthesis 

and enhancing immune function (Bhattacharjee et al., 2022). On the contrary, such unhealthy diets 

are shown to create microbial imbalances, namely dysbiosis, which are characterized by decreased 

diversity and proliferation of proinflammatory species. 

 

Beyond shaping systemic immunity and prevention of chronic disease, the influence of 

unprocessed nutrition by the microbiota also applies. SCFAs serve as signaling molecules of which 

act on G protein coupled receptors on immune cells, which in turn regulate cytokine production 

and elicits anti-inflammatory T regulatory responses. In addition, polyphenols and their microbial 

metabolites have antioxidant and antibacterial effect on pathogen bacterial growth. The 

interactions between dietary components and the gut ecosystem are bidirectional in that diet 

impacts the gut ecosystem, and the gut ecosystem, in turn, impacts host physiology (Beam et al., 

2021). 

Essentially, the gastrointestinal tract is an active interface of unprocessed nutrition working 

therapeutically. Unprocessed diets provide a conducive microbial environment, support the 

production of bioactive metabolites, and improve digestive health, immune balance and overall 

systemic resilience. Thus, this gut centered mechanism justifies, the need to integrate microbiome 

science in nutritional guidelines to promote healthy natural, unaltered dietary patterns. 
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Table 2. Comparative Analysis of Nutrient Integrity in Unprocessed vs. Processed Foods 

Nutrient/Bioactive 

Compound 

Unprocessed 

Foods 

Processed Foods Health Implication 

Polyphenols Retained in high 

amounts 

Often degraded by 

heat/chemicals 

Antioxidant and anti-

inflammatory effects 

Dietary Enzymes Present (e.g., 

bromelain, 

amylase) 

Inactivated by 

heat/irradiation 

Aids digestion and 

nutrient absorption 

Dietary Fiber Intact and 

functional 

Often reduced or 

modified 

Supports gut health 

and satiety 

Bioactive Peptides Preserved in raw 

proteins 

Denatured or lost Modulates immunity 

and inflammation 

Micronutrient Synergy Synergistic action 

in natural matrix 

May be isolated or 

synthetic 

Bioavailability often 

lower in isolation 

VII. Emerging Technologies in Precision Nutrition 

The integration of cutting edge technologies that facilitate highly individualized dietary 

recommendations has sped up evolution of precision nutrition. Among all revolutionary advances, 

implementing CRISPR based genome editing into the microbiome engineering stands out. This 

method allows specifically modifying bacterial genes and gutting microbial communities (Wei and 

Li, 2023). Such gene editing techniques make it possible to increase the abundance and activity of 

beneficial microbes that convert diet fiber, polyphenols or other components of unprocessed foods 

to health promoting metabolites. In addition to the effects on personalizing nutritional responses 

this maximizes the therapeutic potential of unprocessed diets with individuals’ microbiome 

profiles. 

Moreover, the technology convergence of multiple omics platforms (genomics, transcriptomics, 

proteomics, metabolomics, and epigenomics) has allowed us to fine tune nutritional interventions. 

Analysing these different biological layers linked in a system, scientists can build up a complete 

picture of how food inputs modulate the functioning of the human body at multiple molecular 

levels. After applying to unprocessed nutrition, multi omics analysis reveals the sampling of 

differential gene expression patterns, protein interaction and metabolite profile patterns due to 

differences between a variety of whole food diets (Babu and Snyder, 2023). This information 
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becomes extremely important in order to search for which individuals may truly thrive from certain 

unprocessed dietary components according to their particular genetics and epigenetics. 

No longer are current dietary guidance systems able to withstand the increasing levels of 

complexity within the assessment of consumer multi-omics data, and machine learning and 

artificial intelligence have thus become indispensable as tools in transforming complex multiomics 

data to clinically actionable, consumer specific, dietary guidance. This allows algorithms to predict 

physiological response to specific foods i.e. glycemic load, inflammatory markers, and 

microbiome shifts using big data. The predictive models, includes genetic variants, gut 

microbiome composition, lifestyle factors and even environmental exposures in a way that enables 

highly personalized nutrition plans to be produced (Gacesa et al., 2022). These technologies, when 

integrated with the inherent nutritional richness of unprocessed food, wisely can lead to novel 

preventive and therapeutic strategies which are not only more precise, effective and sustainable. 

In the end, these growing technologies are altering the death of nutrition far from a one size fits all 

scheme to an individual, systems based science. Clinicians and researchers can use CRISPR, multi-

omics, and machine learning to develop individualized nutritional interventions that leverage the 

biochemical power of unprocessed food. This represents a huge advance in using the diet for 

general health maintenance and as a basic tool for personalized medicine. 

VIII. Therapeutic Potential and Clinical Implications 

Recent clinical and interventional studies in the former areas have therefore been providing 

substantial validation of the therapeutic applications of unprocessed nutrition in the management 

of chronic, noncommunicable diseases. Metabolic syndrome is one of the areas of focus in which 

one draws our attention. Dietary strategies to emulate FFQ adherence, that is, diets incorporating 

unprocessed foods such as whole grains, legumes, fruits, and vegetables have significant promise 

in improving insulin sensitivity and decreasing systemic inflammation altogether, and in 

promoting weight management (Chauhan et al., 2022). AMPK pathways that restore metabolic 

balance are largely mediated through improving composition of gut microbiota and production of 

SCFAs. 

Unprocessed diets have displayed a promising scope regarding neuroinflammation and cognitive 

decline. Berry, nut and leafy greens are rich in polyphenols and have neuroprotective actions 

through modulation of the central nervous system inflammatory pathways by inhibiting NF-κB 

signaling and upregulation of antioxidant defenses through the Nrf2 pathway (Kurowska et al., 
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2023). Moreover, these compounds affect gut-brain axis communication and accumulating 

evidence suggests the contribution of the metabolites derived from unprocessed foods that are 

produced by microbiota to regulating the neurotransmitter production, neuroplasticity, and blood-

brain barrier integrity. Ultimately, this indicates a strong rationale for including unprocessed 

nutrition in integrative strategies for prevention of neurodegenerative disease. 

Dietary therapy also targets gut dysbiosis, a second major target, which is influenced severely by 

food quality. Switching from a processed to an unprocessed diet results quickly in changes of 

microbial diversity and functionality as revealed by clinical trials. These are associated with less 

gastrointestinal symptoms, enhanced immune modulation, and less systemic markers of 

endotoxemia (Li et al., 2022). These outcomes are particularly pertinent to inflammatory bowel 

disease, irritable bowel syndrome, and autoimmune disorders in which microbial imbalance are of 

central importance in pathophysiology. 

The pile of clinical evidence gathered demonstrates the importance and transition of dietary 

guidelines and therapeutic treatment to unprocessed, whole foods. The use of unprocessed 

nutrition is expanding across many other clinical contexts as well, and its near complete lack of 

side effects combined with this proven efficacy means that it may become part of the core 

components of future preventive and precision healthcare models. The unprocessed food and 

future dietary recommendations will become a cornerstone and an active agent in chronic disease 

treatment and management. 

Table 3. Therapeutic Applications of Unprocessed Nutrition in Chronic Diseases 

Chronic Disease Mechanistic 

Target 

Dietary Components 

Involved 

Therapeutic Outcome 

Metabolic 

Syndrome 

AMPK activation, 

SCFA production 

Whole grains, 

legumes, resistant 

starch 

Improved insulin 

sensitivity, weight 

control 

Neuroinflammation NF-κB inhibition, 

Nrf2 activation 

Berries, leafy greens, 

walnuts 

Cognitive protection, 

reduced oxidative 

stress 

Type 2 Diabetes Gene modulation, 

SIRT1 activation 

Fiber-rich vegetables, 

polyphenol-rich fruits 

Enhanced glucose 

metabolism 
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Gut Dysbiosis Microbial diversity, 

butyrate increase 

Fermented foods, 

prebiotic-rich 

vegetables 

Reduced endotoxemia, 

enhanced gut integrity 

Cardiovascular 

Disease 

Antioxidant lipid 

profile, flavonoids 

Nuts, seeds, olive oil Improved lipid 

metabolism, 

endothelial function 

IX. Future Directions and Public Health Relevance 

Though the scientific community still unravels the fine line between what we eat and our health, 

unprocessed nutrition becomes the key to the next generation paradigms of health care. With 

integrative health movement, an evolution from the traditional disease treatment models can be 

seen, one that focuses on nutrition quality, biochemical individuality and lifestyle balance for 

preventive strategies. In this sense, although unprocessed are sources of nutrients, they also 

regulate gene expression, immune activity and microbial ecology. At this point, technologies like 

multiomics profiling and artificial intelligence are quickly mushrooming, which now is possible 

for constructing precision nutrition models either around unprocessed whole foods with 

interventions based on individuals, to have the maximal possible health impact. 

Yet, public policy has to change to be amenable to support of unprocessed nutrition through 

national and global health frameworks. Revision of dietary guidelines so that food of the whole, 

minimally altered form predominates in the diet and the consumption of nutrient poor ultra-

processed products does not depend on it. This entailed increased fiscal incentives, regulatory 

reform, and subsidizing unprocessed food, more awareness about the long term health benefits of 

an unprocessed diet. The healthcare systems should include nutritional counseling, personal diet 

planning, and food literacy training as essential part of patient care in clinical practice. 

However, the possibility of nutrition in unprocessed form will be relatively limited without equal 

access and participation of the public. Synthesizing research and acting locally in order to improve 

health relies on intervening upon socioeconomic disparities in availability of food. To do this 

maxim that unprocessed food is advocated for requires investment in the food systems 

infrastructure – particularly in places that serve underserved segments – so unprocessed food is 

not only advocated for, it is available realistically to all segments of the population. Moreover, 

public awareness campaigns targeted at making general awareness about biochemical and 

therapeutic value of unprocessed foods can alter the cultural attitude towards dietary habits and 
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foster healthy society. Overall though, raw nutrition needs to be presented as an individual health 

tactic, but not just an individual health tactic, rather, an entire public health concern. 

X. Summary Table 

Domain Mechanism/Technology Function/Outcome 

Biochemical 

Pathways 

NF-κB, AMPK, SIRT1 Regulates inflammation, 

mitochondrial function, and 

metabolism 

Nutrigenomics DNA methylation, histone 

modification 

Alters gene expression linked to 

disease risk and prevention 

Metabolomics LC-MS, NMR spectroscopy Detects biomarkers and metabolic 

responses to dietary inputs 

Gut Microbiota SCFA production, microbial 

diversity 

Enhances gut health, immune 

function, and barrier integrity 

Precision 

Nutrition 

AI-driven modeling, CRISPR, 

multi-omics 

Personalizes diets based on genetic 

and microbial profiles 

Clinical 

Implications 

Therapeutic dietary patterns Manages metabolic syndrome, 

neuroinflammation, and gut dysbiosis 

Public Health 

Integration 

Policy reform, accessibility 

strategies 

Promotes equitable access and broader 

implementation in healthcare 

XI. Conclusion 

The role of unprocessed nutrition as modulator of biochemical, genetic, microbial and metabolic 

systems was illuminated in this review. Unprocessed foods have the ability to retain molecular 

integrity of preserving phytonutrients, enzymes and other bioactive compounds which 

synergistically stimulate the body’s regulatory mechanisms of healing. These interactions are also 

critical to modulate critical pathways including NFκB, AMPK, SIRT1, and other gene expression 

through epigenetic mechanisms. Further technological development in metabolomics, 

nutrigenomics, and machine learning has demonstrated the particular biological response to 

processed diets, thus helping to open a door to the use of the precision nutrition. 

More and more it has been discovered that pure nutrition has therapeutic value, especially in the 

prevention and the treatment of metabolic, inflammatory, GIT, and many other diseases. The 

science continues to prove how beneficial it is, unprocessed food is about to become an inherent 
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part of modern healthcare and nutrition science. However, further, unprocessed nutrition will need 

to be integrated into public policy, healthcare systems, as well as into personalized dietary 

frameworks while looking forward in order to be successful in achieving sustainable, population-

wide health outcomes. The promise of unprocessed nutrition is to bridge traditional dietary wisdom 

with 21st century scientific innovation in the redefinition of food, health and disease in the 21st 

century. 

XII. References 

Acharjee, S., Chauhan, S., Pal, R., & Tomar, R. S. (2023). Mechanisms of DNA methylation and 

histone modifications. Progress in molecular biology and translational science, 197, 51-92. 

Amirullah, N. A., Abdullah, E., Abidin, N. Z., Abdullah, N., & Manickam, S. (2024). Therapeutic 

Potential of Mushrooms: A Review on NF-κB Modulation in Chronic Inflammation. Food 

Bioscience, 105059. 

Aslam, S., Iqbal, R., Saeed, R. F., Akram, N., Ijaz, F., Liaqat, I., & Aslam, A. S. (2024). Nutritional 

Genomics and Cancer Prevention. Nutrition and Dietary Interventions in Cancer, 217-244. 

Babu, M., & Snyder, M. (2023). Multi-omics profiling for health. Molecular & Cellular 

Proteomics, 22(6). 

Bai, X., Huang, Z., Duraj-Thatte, A. M., Ebert, M. P., Zhang, F., Burgermeister, E., ... & Zuo, T. 

(2023). Engineering the gut microbiome. Nature Reviews Bioengineering, 1(9), 665-679. 

Beam, A., Clinger, E., & Hao, L. (2021). Effect of diet and dietary components on the composition 

of the gut microbiota. Nutrients, 13(8), 2795. 

Bhattacharjee, G., Khambhati, K., Gohil, N., Singh, P., Gohil, J., Gautam, H., ... & Singh, V. 

(2022). Gut microbiota in gastrointestinal diseases. Progress in Molecular Biology and 

Translational Science, 191(1), 141-151. 

Chauhan, H., Belski, R., Bryant, E., & Cooke, M. (2022). Dietary assessment tools and metabolic 

syndrome: is it time to change the focus?. Nutrients, 14(8), 1557. 

Chen, X., Li, H., Zhang, B., & Deng, Z. (2022). The synergistic and antagonistic antioxidant 

interactions of dietary phytochemical combinations. Critical reviews in food science and 

nutrition, 62(20), 5658-5677. 

Chong, S. G., Ismail, I. S., Ahmad Azam, A., Tan, S. J., Shaari, K., & Tan, J. K. (2023). Nuclear 

magnetic resonance spectroscopy and liquid chromatography–mass spectrometry metabolomics 



4386 
 

studies on non‐organic soybeans versus organic soybeans (Glycine max), and their fermentation 

by Rhizopus oligosporus. Journal of the Science of Food and Agriculture, 103(6), 3146-3156. 

Conde, T., Lopes, D., Łuczaj, W., Neves, B., Pinto, B., Maurício, T., ... & Domingues, M. R. 

(2022). Algal lipids as modulators of skin disease: A critical review. Metabolites, 12(2), 96. 

de Oliveira, S. P. A., do Nascimento, H. M. A., Sampaio, K. B., & de Souza, E. L. (2021). A 

review on bioactive compounds of beet (Beta vulgaris L. subsp. vulgaris) with special emphasis 

on their beneficial effects on gut microbiota and gastrointestinal health. Critical Reviews in Food 

Science and Nutrition, 61(12), 2022-2033.  

Fischer, L. (2024). Enzymes in Food Production. In Introduction to Enzyme Technology (pp. 337-

360). Cham: Springer International Publishing. 

Gacesa, R., Kurilshikov, A., Vich Vila, A., Sinha, T., Klaassen, M. A., Bolte, L. A., ... & Weersma, 

R. K. (2022). Environmental factors shaping the gut microbiome in a Dutch 

population. Nature, 604(7907), 732-739. 

Guan, G., Chen, Y., & Dong, Y. (2025). Unraveling the AMPK-SIRT1-FOXO Pathway: The In-

Depth Analysis and Breakthrough Prospects of Oxidative Stress-Induced 

Diseases. Antioxidants, 14(1), 70. 

Guizar-Heredia, R., Noriega, L. G., Rivera, A. L., Resendis-Antonio, O., Guevara-Cruz, M., 

Torres, N., & Tovar, A. R. (2023). A new approach to personalized nutrition: postprandial 

glycemic response and its relationship to gut microbiota. Archives of Medical Research, 54(3), 

176-188. 

Jantan, I., Haque, M. A., Arshad, L., Harikrishnan, H., Septama, A. W., & Mohamed-Hussein, Z. 

A. (2021). Dietary polyphenols suppress chronic inflammation by modulation of multiple 

inflammation-associated cell signaling pathways. The Journal of nutritional biochemistry, 93, 

108634. 

Kurowska, A., Ziemichód, W., Herbet, M., & Piątkowska-Chmiel, I. (2023). The role of diet as a 

modulator of the inflammatory process in the neurological diseases. Nutrients, 15(6), 1436. 

Li, D., Li, Y., Yang, S., Lu, J., Jin, X., & Wu, M. (2022). Diet-gut microbiota-epigenetics in 

metabolic diseases: From mechanisms to therapeutics. Biomedicine & Pharmacotherapy, 153, 

113290. 



4387 
 

Naveen, K. G., Ahmed, S., & Kumar, P. (2024). Food Processing of Micronutrients and 

Macronutrients. In Micronutrients and Macronutrients as Nutraceuticals (pp. 305-319). Apple 

Academic Press. 

Ofori, K. F., Otchere, E. K., Besong, S., & Aryee, A. N. (2024). Anti-inflammatory Properties of 

Phytochemical-Rich Foods. In Plant Food Phytochemicals and Bioactive Compounds in Nutrition 

and Health (pp. 364-403). CRC Press. 

Onyeaka, H., Nwaiwu, O., Obileke, K., Miri, T., & Al‐Sharify, Z. T. (2023). Global nutritional 

challenges of reformulated food: A review. Food science & nutrition, 11(6), 2483-2499. 

Ramos-Lopez, O., Milagro, F. I., Riezu-Boj, J. I., & Martinez, J. A. (2021). Epigenetic signatures 

underlying inflammation: An interplay of nutrition, physical activity, metabolic diseases, and 

environmental factors for personalized nutrition. Inflammation Research, 70, 29-49. 

Rauf, A., Khalil, A. A., Rahman, U. U., Khalid, A., Naz, S., Shariati, M. A., ... & Rengasamy, K. 

R. R. (2022). Recent advances in the therapeutic application of short-chain fatty acids (SCFAs): 

An updated review. Critical Reviews in Food Science and Nutrition, 62(22), 6034-6054. 

Shen, P., Deng, X., Chen, Z., Ba, X., Qin, K., Huang, Y., ... & Tu, S. (2021). SIRT1: a potential 

therapeutic target in autoimmune diseases. Frontiers in immunology, 12, 779177. 

Wang, Y., Liu, B., Han, H., Hu, Y., Zhu, L., Rimm, E. B., ... & Sun, Q. (2023). Associations 

between plant-based dietary patterns and risks of type 2 diabetes, cardiovascular disease, cancer, 

and mortality–a systematic review and meta-analysis. Nutrition journal, 22(1), 46. 

Wei, J., & Li, Y. (2023). CRISPR-based gene editing technology and its application in microbial 

engineering. Engineering Microbiology, 3(4), 100101. 

Wu, Y., Liu, Y., Jia, Y., Feng, C. H., Zhang, H., Ren, F., & Zhao, G. (2024). Effects of thermal 

processing on natural antioxidants in fruits and vegetables. Food Research International, 114797. 

Xavier, J. R., Sameer, B., Gupta, D., Mehta, S., & Chauhan, O. P. (2024). Bioactive compounds 

of foods: Phytochemicals and peptides. Food and Humanity, 100354. 

 

 


