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ABSTRACT: 

Recent years have seen a huge increase in interest in nutraceuticals, which are bioactive substances 

produced from food sources that may have positive effects on health. These compounds have both medicinal 

and preventative uses. Molecular docking has become a potent computational method to investigate the 

complex interactions between bioactive compounds and their target proteins as the market for novel and 

efficient nutraceuticals grows. An extensive summary of the state of molecular docking applications in 

nutraceutical research is given in this article. This review also highlights the pivotal role of molecular 

docking in unraveling the complex interactions between nutraceutical compounds and their biological 

targets. By providing insights into the current landscape of nutraceutical research through the lens of 

molecular docking. This review aims to contribute to the advancement of knowledge in the field and foster 

the development of novel and effective nutraceutical interventions for promoting human health. 
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INTRODUCTION 

In recent years, molecular docking has emerged as a crucial component of in-silico drug development. This 

method entails forecasting the atomic-level interactions between a tiny chemical and a protein.[1] A 

technique for examining how a ligand, or tiny molecule, interacts with a target molecule is called molecular 

docking. By identifying the preferred orientation of minimum free binding, it predicts the binding affinity of 

the ligand to form a stable complex with the protein.[2] This helps to untangle the crucial metabolic 

processes involved in this interaction and allows researchers to examine the behavior of tiny compounds, 

such nutraceuticals, within the binding region of a target protein. A vast array of important molecular targets 

with therapeutic value have been revealed by the wealth of structural data on proteins and protein-ligand 

complexes that have been collected through chemical synthesis, purification, X-ray crystallography, and 

Nuclear Magnetic Resonance Spectroscopy (NMR). [3] Drug research and academic fields actively use a 

variety of computational tools and algorithms for molecular docking techniques that have been created. 

These alternatives include both free and paid options.[4–7] Among the many popular docking applications 

available, AutoDock Vina, Glide, and AutoDock GOLD stand out as excellent options. These programs 

include Discovery Studio, Surfex, MCDock, MOE, FlexX, DOCK, LeDock, rDock, ICM, Cdcker, Ligand 

Fit, FRED, and UCSF Dock, based on their exceptional performance and high scores.[8,9,10] Contemporary 

docking programs still face a challenge when it comes to accommodating flexible receptor docking, 

particularly regarding the flexibility of the receptor backbone.[11] 
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Docking studies provide a way to assess, filter, and forecast the ligand-receptor complex's computational 

electrostatics. Predicting the shape, position, and orientation (pose) of the ligand—usually a small 

molecule—within the protein binding site is the first of the two basic steps in the molecular docking process. 

Second, applying a grading system to assess the pose's quality. The experimental binding mode should 

ideally be faithfully replicated by the sampling process, and it should be ranked highest among all generated 

poses by the scorin g function. [2] When comparing dry lab to in vivo laboratory experiments, there is a 

clear advantage in terms of time and resource efficiency.[12]The use of molecular docking in drug discovery 

and design has been well-established[13, 14]. The use of molecular docking in food science has garnered a 

lot of attention recently. Molecular docking is specifically being used by researchers to verify the molecular 

targets of nutraceuticals for the management of disease. [15] Food items, extracts, or derivatives such as 

vitamins, minerals, amino acids, herbs, and enzymes are referred to as nutraceuticals. These compounds are 

nutritionally valuable and may also have pharmacological benefits.[16]Nutraceuticals are naturally 

occurring substances that come from food and have health-promoting properties.[17] The popularity of these 

compounds has increased recently due to their potential to prevent and manage chronic illnesses such as 

diabetes, cancer, cardiovascular problems, and neurological disorders. [18,19] Molecular docking analyses 

are essential for nutraceutical research before in vitro investigations are conducted. The objective of this 

review is to explore the key molecular docking applications aimed at evaluating the potential health-

promoting effects of nutraceuticals.[20] 

 

MOLECULAR DOCKING 

Overview: 

Among these techniques, molecular docking is the most widely used approach in computational structure-

based drug design (SBDD), having been used since the early 1980s.[21] The molecular docking approach 

involves several processes, such as ligand preparation, protein-ligand complex binding energy estimation, 

protein 3-D structure preparation, and analysis.[22] Docking is often used to forecast the affinity and activity 

of tiny medicinal drugs by predicting how they will align with their protein targets.[23] This interaction 

includes hydrophobic, van der Waals, ionic, and hydrogen bonds, among other non-covalent connections. 

Protein-protein, protein-ligand, and protein-nucleotide interactions can all be investigated using molecular 

docking experiments. [24] 

Types of docking: 

The basic methodology of molecular docking can be categorized into three ways: 

 

Induced fit docking:  

Both the receptor and the ligand are flexible. By adaptably attaching to the receptor's active region, the 

ligand maximizes the bonding forces between the two molecules. The concept of complementary 

interactions between ligand and protein is embodied in this process. 

 

Lock and key docking:  

The Lock and Key theory states that tight binding is demonstrated by the rigidity of the ligand and receptor. 

The foundational idea of three-dimensional complimentary is established by this theory.[25] 

 

Ensemble docking:  

This method clarifies the intricate and versatile conformational states of proteins. A collection of protein 

structures is used in concert to bind with the ligand.[26,27] 

 

Common search Algorithms: 

Docking is essential to the logical design of pharmaceuticals. Considering the importance of docking studies 

in pharmacology and biology, a lot of work has gone into improving docking prediction algorithms. The 

ideal orientation of molecules when they are united to form a stable complex is predicted 

mathematically.[28] Finding every possible route and shape for the protein to take when interacting with the 

ligand is the main objective of the search method.[29] 
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Figure 1: Classes of search algorithm mechanisms 

 

A. Systematic or direct method 

There are three subtypes of systematic methods as follows: 

i. Conformational search: 

The structural parameters of the ligand undergo gradual changes in torsional (dihedral), translational, 

and rotational degrees of freedom.[30,31] 

 

ii. Fragmentation: In the molecular docking process, several fragments can dock together to form 

connections. Alternatively, each fragment might be anchored separately, starting with the first one to be 

docked and then adding pieces outward in successive steps from that initial bound point. For this, tools 

like Flex XTM, DOCK, LUDI, etc., are used. 

 

iii. Database Search: With this method, it is possible to produce many reasonable conformations for every 

small molecule that is already registered in the database and then dock them as stiff bodies. One 

example of the tools used in this process is FLOG.  

 

B. Stochastic methods or Random methods  

Stochastic methods carry out the conformational search by randomly modifying the structural parameters of 

the ligands.[32] There are also three subtypes of stochastic method which are; 

 

i. Monte Carlo:  
This method entails placing ligands randomly in the receptor binding site, scoring the arrangement, and 

subsequently generating a new configuration. Instruments like MCDOCK, ICM, etc., are utilized in this 

process. 

 

ii. Genetic algorithm:  
The procedure starts with a population of poses, where the "gene" is the configuration and location with 

respect to the receptor, and the "fitness" is the score. The fittest individuals undergo transformations, 

hybridization, and other operations to create the next generation, and this cycle is repeated.[37, 38] It 

employs applications like as AutoDock, GOLD, and others.[33,34]

 

iii. Tabu search: 
A tabu search algorithm's basic idea is to take into account previously investigated conformational space 

regions. The root mean square difference between the present molecular coordinates and each molecule's 

previously recorded conformations is calculated to determine whether a molecular conformation is 

acceptable. One tool that makes use of a tabu search algorithm is PRO_LEADS.[35, 36]   
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Scoring functions: 

In structure-based virtual screening, ligand conformation expectations are evaluated and prioritized. The 

success of computations depends on the ability to differentiate between proper and erroneous poses and 

identify "true" ligands, even in the case of accurate predictions of binding conformations. Thus, it is 

essentially essential to establish trustworthy scoring systems and schemes. Protein–ligand interactions may 

now be quantitatively modeled and binding affinity can be predicted thanks to the development of free-

energy simulation tools. [37, 38] 

a) Force field-based approach:  

In order to determine the binding affinity, it takes into account the impact of non-bonded interactions such 

torsional deviation, hydrogen bonding, and van der Waals forces in addition to bond-like angle bonding. In 

this case, tools such as AutoDock, DOCK, GoldScore, etc., are used.[39] 

 

b) In an empirical function approach:  

It is based on repeated linear regression analysis of a set of carefully chosen complex structures—a set of 

protein–ligand complexes with known binding affinities that include certain functional groups and 

interaction types. Examples include the stacking of aromatic rings, the N–O hydrogen connection, the O–O 

hydrogen bond, and the salt scaffold. Technologies like AutoDock scoring, ChemScore, LUDI score, and so 

forth [40] 

 

c) In a knowledge-based approach: 
It statistically evaluates a set of complex structures, offering insights into elements, atoms, and functional 

groups that can be potentially segregated into pairings. Instruments like PMF and Drug Score are 

employed.[41] 

 

d) The consensus approach combines:  
The assessment or ranking obtained from multiple evaluation  methods in various configurations.[29] 

 

 

Figure 2: Classes of scoring function mechanisms 
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Figure 3. List of software tools for docking and their algorithms. [42]
 

 

Molecular docking software. 

In drug discovery, developing a molecular docking tool is crucial, especially when it comes to virtually 

evaluating phytochemicals or nutraceuticals as possible therapeutic agents.5. The first docking program was 

created by Irwin Kuntz of the University of California in the middle of the 1980s, and attempts are still 

being made to enhance docking computations. New developments in docking techniques seek to assess an 

enzyme's potential and forecast its natural substrates.[43] Modern docking techniques anticipate an enzyme's 

activity by identifying its natural substrates. Finding the protein's superfamily helps to focus the search for 

potential substrates and reaction types, which makes it possible to forecast protein complexes with accuracy. 

[44] 
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Methodologies of ranking docked molecules. 

The docked molecules are meticulously rated through a range of methods and frameworks. This section 

emphasizes the often used. The idea behind DOCK 3.5.x is that by restricting the transition state that the 

substrate prefers, enzymes catalyze processes. Furthermore, the protein's stiffness is preserved by hydrolysis 

mechanisms related to the amidohydrolase superfamily. As a result, compared to docking substrates, 

docking molecules that line up with transition states should yield a stronger signal.[46] Glide's program 

narrows down possible substrates by identifying enzymes within a particular subgroup of the enolase 

superfamily. By fine-tuning and rescoring the docked complex with an advanced physics-based scoring 

system, positional precision is improved. For increased accuracy, this method also allows the mobility of 

receptor side chains.[46] 
 

Highlights of molecular docking software. 

There are many programs available for docking, and some of the most popular ones are discussed in this 

section. 

Dock: The UCSF Chimera team developed a molecular docking program called Dock that allows tiny 

compounds to be easily deposited into receptor-binding sites. It evaluates the ligand-receptor binding 

affinity using a grid-based method and adds scoring systems to score the resulting poses. The application is 

easy to use and supports a number of input file formats, including SDF, MOL2, and PDB. Through UCSF, 

one can gain access to Dock. http://dock.compbio.ucsf.edu/. 

 

Autodock: The Scripps Research Institute's AutoDock molecular docking program is extensively used and 

open-source. It uses a Lamarckian genetic method to optimize ligand placement in a receptor binding site, 

enabling both rigid and flexible docking. The program accepts many input file formats, including PDB, 

MOL2, and SDF, and includes multiple scoring methods for determining the affinity of ligand-receptor 

binding. You can get AutoDock through the Scripps Research Institute. http://autodock.scripps.edu 

 

GOLDTM (Genetic Optimization for Ligand Docking): It is a software for protein-ligand docking with 

unique features. It uses computations that integrate spine and side chain adaptability, enabling the usage of 

user-defined scoring systems that can change as circumstances change. Both conformational and non-

reinforced contact information serve as the foundation for the energy functions. GOLD offers a range of 

docking options, including the ability to automatically handle metal atoms when they are correctly set up in 

the protein data file and remove crystallographic water molecules from the ligand binding site. Gold 5.2 for 

protein-ligand docking, Hermes 1.6 for thorough protein visualization, and Gold Mine 1.5 for effective 

docking result analysis are all included in the most recent version of GOLD Suite 5.2.  

Access to this software is available at  http://www.ccdc.cam.ac.uk/ products/lifesciences/gold

 

Representation of molecular docking: 

Generally, the Docking process can be represented in a flowchart as shown in the Fig.4 

Figure 4. A prototype flow chart of a molecular docking study. 
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1. Retrieval of protein and ligand structure: Docking requires the identification of workable target 

proteins and ligands. Finding appropriate target proteins and ligands is essential for conducting docking 

successfully. Verify whether the target protein is present in the Protein Data Bank (PDB) (http://pdb.org) 

or Swiss UniProt (http://expasy.org/sprot) databases. If not, utilize tools for homology modeling such as 

I-TASSER or the Swiss Model Repository (http://swissmodel.expasy.org/repository/).  

Use the Zinc (http://blaster.docking.org/zinc/), ChmBl, or PubChem databases to find ligands. Consider 

creating the desired ligand from scratch with ChemDraw or ChemSketch if it cannot be found. [47] 

 

2. Protein Preparation: Preparing proteins is essential for accurate docking simulations. Get the 

structure from PDB or programs such as SWISS MODELLER, finish it by adding atoms, and then 

minimize energy to reduce structural limitations. Establish the protonation states of ionizable residues 

for precise electrostatic interactions. To simplify the system, eliminate superfluous ligands and water 

molecules. In order to optimize and refine the protein structure for effective molecular docking studies, 

supply the appropriate force field parameters at the end.[48] 

 

3. Lead or hit identification: Chemical variety, known biological activity, and drug development 

potential are taken into account while choosing ligands for docking. Charges are allocated, conformers 

are created, and shape is optimized in order to get ligands ready for docking. By taking these 

precautions, ligands are fully represented and docking simulation accuracy is improved. [49] 

 

4. Active site prediction: It is important to concentrate on the pertinent place of interest when predicting 

the active site of a protein after processing. Water molecules and heteroatoms are generally ignored in 

this process because it's possible that they don't directly affect the binding interactions with possible 

medication compounds. Eliminating these extraneous components aids in improving the analysis to 

pinpoint the actual active spot for more research.[50,51] 

As highlighted below: 

i. Site-directed docking- Here, first, identify the protein–ligand binding site and then dock the ligand. 

ii. Blind docking- Here, the docked ligand is directly onto the complete receptor structure without prior 

knowledge of the binding site [52] 

iii. Docking with a standard- Here, you dock the protein with the test ligands and/or standard small 

molecule(s). The standard ligand facilitates the prediction of the relevant binding pocket.[53] 

Although it's not always required, calculating the inhibition constant evaluates the inhibitory potential and 

ligand-protein binding affinity. The study objectives, experimental methodology, and research topic all 

influence its applicability. The scoring function in protein-ligand docking helps with interaction analysis and 

gives information about the strength of the binding by giving a score to the best-docked ligand complex.  

Protein-ligand interaction. Precisely, the necessity of computing the inhibition constant differs according to 

the objectives of the research. The scoring function in protein-ligand docking assesses and ranks the best-

docked ligand complex, providing information about the strength of the contact and facilitating the study of 

binding kinetics.[54] In post-docking analysis, ligand-protein interactions are assessed. Predicted interaction 

energy is used to compute ligand binding affinity, and ligands are ranked based on this calculation. 

Examination of docked structures identifies key interactions like hydrogen bonds and hydrophobic 

interactions, offering insights into ligand mechanisms. This information guides further structural 

optimization for promising candidates in drug development.[55] 

 

General application of molecular docking: 

i. Hit Identification: In hit identification docking, a scoring function evaluates potential drug molecules 

for their likelihood to bind to a target protein. This in silico screening helps identify molecules with high 

binding affinity. [56] 

 

ii. Lead Optimization: Docking helps determine the specific location and orientation (binding mode or 

pose) in which a ligand binds to a protein. This information can then be utilized to design more powerful 

and selective analogs for drug development.[57] 

 

iii. Bioremediation: Molecular docking is used in bioremediation to predict the binding affinity of small 

molecules to enzymes involved in the degradation of environmental pollutants. Docking can help in 

designing inhibitors or activators of these enzymes to enhance bioremediation efficiency. [58] 
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iv. Molecular dynamics simulation: Combining molecular docking with molecular dynamic simulations 

allows for an exploration of the dynamic aspects of protein-ligand interactions. These simulations 

provide insights into conformational changes triggered by ligand binding and assess the stability of the 

resulting complexes.[59] Several software tools combine molecular docking and dynamics simulation. 

These include frequently used software like AutoDock, Vina, Glide, and GOLD. In addition to 

molecular docking, they provide capabilities for conducting molecular dynamics simulations, allowing 

for the exploration of protein–ligand interactions over time and the analysis of their dynamic behaviour. 

 

v. Structure elucidation: Molecular docking is handy for revealing the structure of unknown proteins. It 

predicts how small molecules bind, creating a preliminary model. This model is refined with 

experimental data to get an accurate representation of the protein's structure.[2] 

NUTRACEUTICALS: 

In 1989, Dr. Stephen DeFelice, the organizer behind the Establishment for Advancement in Medication, 

authored the term "nutraceutical" by joining "sustenance" and "pharmaceutical."[ 60] A combination of 

"sustenance" and "drug," the term alludes to food or food items conveying medical advantages, 

incorporating infection counteraction and therapy. This incorporates different structures like detached 

supplements, dietary enhancements, explicit weight control plans, hereditarily designed food varieties, 

homegrown items, and handled things like oats, soups, and beverages.[ 61] Food varieties and supplements 

are significant for the body's ordinary working, adding to overall wellbeing and reducing the risk of illness. 

Nutraceuticals, thought about as restorative food varieties, assume a key role in safeguarding prosperity, 

further developing wellbeing, impacting resistance, and forestalling/treating explicit illnesses. Logical proof 

from research articles upholds the viability of nutraceuticals in overseeing different medical issues, making 

them a huge part of advancing individual health.[ 62]While they have contrasts, nutraceuticals and utilitarian 

food sources are at times utilized reciprocally. The two terms portray food items that give extra medical 

advantages beyond essential nutrition.[ 63,64] Individual inclinations and mastery fundamentally impact the 

idea of nutraceuticals. For instance, cardiologists could focus on dietary enhancements related to lessening 

risk factors for heart illnesses, like those decidedly influencing hypertension, hypercholesterolemia, and the 

decrease of free extremists or platelet-subordinate thrombotic action. Cardiologists track down specific 

significance in phytosterols, N-3 unsaturated fats, quercetin, and grape flavonoids.[ 19] Alternately, 

oncologists might underscore nutraceuticals with anticarcinogenic impacts, including those that support cell 

reinforcement and microsomal detoxification frameworks or restrain the development of existing cancer.[ 

65] 

 

CLASSIFICATION OF NEUTRACEUTICALS 

Several authors used different methods to classify nutraceuticals. The review, however, examines 

nutraceutical classification through the lens of the Bairagi and Patel food availability framework. 

 

Figure 5. Classification of Nutraceutical [17] 

1. Conventional nutraceuticals: 

Herbal extracts, vitamins, minerals, and plant-based supplements are examples of traditional nutraceuticals 

with a long history of therapeutic use dating back millennia. Their health benefits are well-established and 

readily available in the market, backed by a wealth of studies.Traditional nutraceuticals have gained 

widespread acceptance, including probiotics, omega-3 fatty acids, vitamin C, and vitamin D.[17,66] 
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a) Chemicals:  

These materials fall into three primary categories: phytocompounds, herbals, and nutrients. Like vitamins 

and minerals, nutrients are essential to maintaining regular body functions.[79] Herbs, which are derived 

from plants and include things like ginseng, ginger, and turmeric, are thought to provide a variety of health 

benefits. Conversely, phytocompounds refer to bioactive plant compounds such as polyphenols, flavonoids, 

and carotenoids that are believed to have medicinal qualities.[67] 

 

b) Probiotic micro-organisms:  

Probiotics are live bacteria that can be found in fermented foods like yogurt, kefir, and sauerkraut. 

Consuming probiotics may have health advantages. It is thought that these microbes improve gut health by 

preserving the equilibrium of good bacteria in the gut microbiome. They might also help strengthen the 

immune system by giving it the energy it needs to lower inflammation.[17] 

 

c) Nutraceutical enzyme: 

Nutraceutical enzymes are specialized proteins that speed up chemical reactions in the body and can be used 

therapeutically when taken as supplements. Digestive enzymes can improve food digestion, while 

proteolytic enzymes, for instance, may assist lower inflammation.[65] 

 

2. Non-Conventional nutraceuticals :  

Nutraceuticals of unusual origins, such as fungi, algae, and animal byproducts, are becoming more and more 

popular. This include novel proteins, unusual fruits, and unique bioactive substances. Despite growing 

interest in these nutraceuticals, studies are currently being conducted to determine their efficacy, safety, and 

health benefits. Examples include the recently-recognized spirulina, chlorella, mushroom extracts, and 

insect-based proteins.[68] 

 

a) Fortification Nutraceuticals: 

Fortified nutraceuticals are products that have been enhanced with additional vitamins, minerals, and 

nutrients to increase their nutritional value. This method seeks to provide health advantages over their 

inherent makeup. Fortified nutraceuticals, as defined by Rajasekaran and Kalaivani62, are foods or food 

items that have been supplemented with extra nutrients to provide health benefits beyond their usual 

nutritional composition. These include, for instance.[69] 

i) Fruit juices that have been fortified are enhanced with extra vitamins and minerals to improve their 

nutritious content. For instance, to promote bone health, calcium and vitamin D may be added to orange 

juice.  

ii) Breakfast cereals that have been fortified with extra vitamins and minerals are known as fortified cereals. 

For instance, iron deficiency anemia may be avoided by fortifying specific foods.  

iii) Vitamin D is added to fortified milk to improve bone health and make calcium absorption easier.  

iv) Enhanced energy beverages Energy drinks may contain vitamin and mineral supplements to improve 

energy metabolism. 

 

b) Recombinant Nutraceuticals:  

Novel nutraceuticals are recently developed products made from genetically modified organisms (GMOs) 

that are intended to yield certain nutrients or bioactive substances. Compared to their natural counterparts, 

these innovative products are intended to offer extra health benefits.[70] 

Here are some examples of cutting-edge nutraceuticals:  

i) Antibodies produced using recombinant DNA technology are referred to as recombinant antibodies. 

Recombinant monoclonal antibodies, for example, are used to treat autoimmune diseases and cancer.  

ii) The process of making recombinant vitamins involves using recombinant DNA technology. For example, 

vitamin B12 deficiency is treated using recombinant vitamin B12.  

iii) Human insulin is one example of a recombinant protein that is produced by using recombinant DNA 

technology and is vital for the management of diabetes.  

iv) Recombinant enzymes, such as lactase, which is necessary for the digestion of lactose in people with 

lactose intolerance, are created by using recombinant DNA technology. 
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Industrial dynamics of nutraceuticals 

Nutraceuticals' dynamic action—a combination of nutritional and medicinal—has made them more popular 

than medications among the general public and healthcare professionals. The spike in growth of the 

nutraceuticals sector can be ascribed to three factors: a rise in healthcare indicators, a greater awareness of 

nutritional advantages, and higher demand.[71] 

 

Nutricosmetics:  

Demand for nutricosmetics, which are products made to enhance the appearance and health of skin, hair, and 

nails, is rising. Nutraccosmetics is expected to become more popular as people place a larger importance on 

holistic and natural ways to improve their physical beauty. According to Taeymans et al., this trend is 

expected to continue because consumers are becoming more health-conscious and looking for a variety of 

benefits from the products they buy.[72] 

 

Sports nutrition space: 

The increase in popularity of sports and fitness-related activities is matched by a rise in the market for goods 

designed to improve general health and athletic performance. This tendency, as Bairagi and Patel point out, 

has led to the sports nutrition market's explosive growth, which shows no signs of slowing down.[16] 

 

Seed oil as nutraceutical deposit:  

Flaxseed oil and chia seed oil are two prominent seed oils that are rich in numerous minerals and vital fatty 

acids.[73] These oils are finding their way into a wider range of nutraceutical goods, including functional 

foods and supplements. Given customer preferences for plant-based nutrient sources, it is expected that seed 

oils will continue to be used as a nutraceutical resource.[74]Due to customers' increased health 

consciousness and preference for natural solutions over conventional medications, the nutraceuticals 

industry is expanding significantly. Innovative delivery techniques, customized nutrition, and the 

incorporation of blockchain and artificial intelligence for product traceability and quality control are some of 

the major trends in the business. Notably, there's a rise in the use of nutraceuticals for mental health that's 

been matched by an increased demand for plant-derived components sourced sustainably. In the evolving 

landscape, companies emphasizing innovation and sustainability are poised for significant success.[75] 

 

Molecular docking validations of nutraceuticals targets in diseases: 

Molecular docking validation is a computer technique that is increasingly being used in nutraceutical 

research to find possible targets for various disease management. Nutraceuticals are naturally occurring 

substances that may be beneficial to one's health and are often found in foods such fruits, vegetables, and 

herbs.[88] Interest in using nutraceuticals as an adjunctive approach to traditional medical treatments has 

grown due to the rising incidence of chronic illnesses like diabetes, heart disease, and cancer.[76]  

Molecular docking validation provides a more effective and economical way to evaluate possible treatments 

prior to investing in costly clinical trials by helping researchers identify potential targets for nutraceuticals in 

disease management.[77] This method lessens the need for animal experimentation while developing novel 

medications, which advances ethical drug discovery. [78] 

 

Moleculer docking discovery of nutraceutical targets: 

Sub-atomic docking is a PC-based technique for determining collaborations between little particles (like 

nutraceuticals) and bigger biomolecules like chemicals, receptors, RNA, DNA, and proteins. It incorporates 

mimicking these atomic connections to acquire experiences about restricting proclivity, restricting sites, and 

possible components of activity.  

Enzyme: Catalysts, crucial for body responses, are impacted by nutraceuticals like curcumin, resveratrol, 

quercetin, and hesperidin. Curcumin, for example, represses COX-2, an irritation-related catalyst. Atomic 

docking predicts restricting and communication strength, supporting grasping instruments, and restorative 

potential.  

Receptors: Receptors, proteins restricting particles like chemicals, synapses, and medications, trigger cell 

reactions. Nutraceuticals additionally impact receptors; for example, resveratrol initiates sirtuin proteins 

connected with cell digestion and maturation.  

Epigenetic markers: As indicated by late examinations. Epigenetic adjustments, fit for altering quality 

articulation without DNA succession changes, are key concentrations for nutraceuticals. Atomic docking 

predicts communications with proteins like HDACs, DNMTs, and receptors like estrogen and androgen 

receptors, impacting transgenerational impacts through epigenetic adjustments.  
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Other proteins: Nutraceuticals can possibly influence different proteins like carriers, particle channels, and 

primary proteins. A model is hesperidin, which has been shown to hinder alpha-glucosidase, a chemical 

responsible for carb breakdown.[ 88,101] To grasp how nutraceuticals work and their likely remedial 

impacts, sub-atomic docking predicts where the nutraceutical ties are and the strength of their association 

with the protein target.[ 79] 

Application of molecular docking in nutraceutical for disease management: 

1. Identification of Bioactive Compounds: Molecular docking aids in identifying bioactive compounds 

within nutraceuticals that can interact with specific disease-related targets, paving the way for targeted 

dietary interventions.[80] 

2. Inhibition of Disease-Related Enzymes: Docking studies help predict how bioactive compounds in 

nutraceuticals may inhibit disease-related enzymes, such as those involved in inflammation or metabolic 

disorders.[81] 

3. Anti-Inflammatory Effects: Molecular docking contributes to understanding how anti-inflammatory 

compounds in nutraceuticals interact with mediators and receptors associated with inflammation, aiding in 

disease management.[82] 

4. Antioxidant Activity: Antioxidant Activity: Docking studies assist in elucidating how antioxidants in 

nutraceuticals interact with free radicals and oxidative stress-related biomolecules, relevant for diseases 

associated with oxidative damage.[83] 

5. Modulation of Immune Response: Docking helps in understanding how bioactive compounds modulate 

immune responses, contributing to the development of nutraceuticals for conditions where immune 

dysregulation is implicated.[84] 

6. Metabolic Syndrome Management: Molecular docking aids in identifying nutraceutical compounds that 

interact with targets associated with metabolic syndrome, offering potential dietary strategies for managing 

conditions like diabetes and obesity.[85] 

7. Cancer Prevention and Treatment: Docking studies contribute to identifying bioactive compounds in 

nutraceuticals with potential anticancer properties, aiding in the development of dietary strategies for cancer 

prevention and adjunctive treatment.[86] 

8. Neuroprotective Effects: Molecular docking helps understand how nutraceutical compounds may exhibit 

neuroprotective effects by interacting with receptors involved in neurodegenerative diseases.[87] 

9. Cardiometabolic Health: Docking studies contribute to identifying nutraceutical compounds that 

positively impact cardiovascular health, influencing targets related to blood pressure regulation, cholesterol 

metabolism, and vascular function.[88] 

 

LIMITATION OF MOLECULAR DOCKING: 

Overall, scoring capabilities in sub-atomic docking face difficulties in precisely foreseeing complex 

associations like solvation impacts and entropy changes, making it vital to mindfully decipher results. 

Propels in refining these forecasts could altogether improve the dependability of sub-atomic docking studies. 

Positively, scoring capabilities frequently ignore specific urgent intermolecular collaborations like halogen 

holding, which exploration has displayed to assume a critical role in protein-ligand restricting fondness. 

Perceiving and integrating such collaborations can refine the exactness of computational docking forecasts. 

Precisely dealing with water particles in the limiting pocket during docking remains a difficult errand for 

two primary reasons. X-beam gems, first and foremost, require exact hydrogen organization, prompting 

hardships in distinguishing water atoms that might connect among ligands and receptors. Besides, there's an 

absence of solid hypothetical ways to deal with foreseeing what ligands mean for water particles and the 

related hydrogen holding organization, making it difficult to expect the dislodging of water atoms by 

possible ligands. This issue requires huge consideration and headway sooner rather than later. Totally, 

managing unbending receptors in docking represents a critical test as proteins can display different 

compliances in view of the ligands they tie. Docking with an unbending receptor frequently catches just a 

solitary compliance, possibly bringing about bogus negatives. This restriction arises from dismissing the 

unique idea of proteins that can move between various states with comparative energies. Recognizing and 

tending to this conformational adaptability is urgent for working on the precision of docking expectations. 

Precisely, the effect on askew proteins is trying to anticipate in computational screens and is generally 

surveyed through creature and human preliminaries for a more exact understanding.[ 89] 

FUTURE PERSPECTIVE: 

A potent technique for identifying the molecular targets of nutraceuticals in the treatment of diseases is 

molecular docking. Molecular docking has enormous potential for use in nutraceutical research in the future. 

We expect increasingly precise predictions of the interactions between bioactive chemicals and molecular 
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targets as computing power and algorithms improve. This will hasten the process of discovering new 

nutraceuticals for the treatment of illness. Moreover, the amalgamation of artificial intelligence and big data 

would facilitate an all-encompassing comprehension of sophisticated biological systems, revealing complex 

chemical processes. A more individualized approach to illness management and wellbeing is made possible 

by this changing field, which offers more focused and efficient nutraceutical therapies. 

 

CONCLUSION: 

Molecular docking is a useful tool for identifying molecular targets for the therapeutic use of nutraceuticals. 

It assists in identifying possible therapeutic targets by predicting binding affinity and shape. The importance 

of molecular docking in drug discovery is increased by the availability of databases and the development of 

computer tools. By using it, the drug discovery process becomes more successful and efficient while 

spending less money and time on traditional experimental procedures. Therefore, using molecular docking 

in dietary supplement research has great potential for identifying new therapeutic targets and creating secure 

and efficient supplements for the treatment of disease. 
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