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Abstract 

Phytochemical compounds are natural products that have been vital in the discovery of 

therapeutic agents, narrowing the divide between conventional medicine and drug 

development, which is hindered by prohibitive expenses, workforce requirements, and low 

throughput, limiting traditional approaches to phytochemical screening. Recent developments 

in computational techniques have presented new opportunities to discover bioactive molecules 

with greater efficiency, providing predictive information on their pharmacological potential. 

Combining ethnobotanical knowledge, phytochemical databases, and computational tools, 

researchers can now rapidly identify and optimize plant-derived compounds. In addition to 
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highlighting this function in crossing traditional medicine with modern remedies, this review 

emphasizes the latest development in computational approaches for phytochemical screening 

and addresses difficulties, obstacles and possibilities for the developing field quickly. 

Keywords: Phytochemicals, Traditional medicine, Drug discovery, Computational methods, 

Bioactive compounds. 

Introduction 

Phytochemicals are chemical compounds of biological origin that are produced by plants, and 

many of them form the basis of the current pharmaceuticals (Tang et al.,2025) (Yang et 

al.,2024).The science of bioactive compounds Traditionally, the science of bioactive 

compounds has been thoroughly entrenched in traditional medicine with indigenous knowledge 

playing a crucial role in the discovery of plants with medicinal value (Mihaylova et al., 2024). 

Other prominent ones are artemisinin in Artemisia annua, aspirin in willow bark, and 

paclitaxelin in Taxus species (Bulbul et al., 2025). Although there were these achievements, 

traditional phytochemical screening systems face drawbacks, such as, complexity of natural 

product structure, lengthy extraction procedures, and a challenge in large-scale assessment of 

activities (Feng et al., 2023). The integration of classical knowledge into modern treatment 

faces significant challenges due to constraints, leading to the development of revolutionary 

computational techniques for natural product research (Li et al., 2023). These are used to 

perform rapid structural classification, determine pharmacokinetic properties, and to predict 

chemical activity. Moreover, the increasing presence of phytochemical databases enhances the 

capability to integrate traditional medicinal knowledge with new drug discovery efforts 

(Richard et al., 2023). 
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Traditional Knowledge and Phytochemical Screening 

Traditional medicine has been relied on to prove plant-derived compounds with therapeutic 

potential. Ethnobotanic’s offers useful information on medicinal plants and can inform 

contemporary research in pharmacology (Parvin et al., 2023) (Bulbul et al., 2025). Some of the 

most common everyday natural compounds that people may use, including artemisinin (which 

is extracted from Artemisia annua) as a malaria cure, aspirin (made from willow bark), and 

paclitaxel (found in Taxus species), can all be traced back to traditional usage (Parvin et al., 

2024). Identifying phytochemicals in plants used locally in traditional remedies has been 

regarded as a practical approach, as any plant with bioactivity has been previously linked to it 

(Parvin et al., 2025). The repository of knowledge across generations will provide a starting 

framework for selection, making it less expensive and time-consuming to screen a large 

number of people (Al-Sammarraie et al., 2025). Nonetheless, conventional phytochemical-

screening poses a considerable challenge. Many extraction techniques differ in their efficiency, 

leading to variations in the yield and quality of the compound obtained during extraction (Tang 

et al., 2025). Traditional bioassay-directed isolation methods are both economically and 

logistically costly, and they cannot meet the growing need for new therapeutics (Mirakhori et 

al., 2025). Also, numerous phytochemicals are present in minute quantities in plant matrices, 

making them difficult to isolate and structure-elucidate (Gaudenico et al., 2023). Recent 

developments have enhanced the standardization of conventional screening approaches. Recent 

methods of extraction include: ultrasound-assisted extraction, microwave-assisted extraction, 

and supercritical fluid extraction, where modern methods are improved to enhance yields and 

stability of the compound (Tang et al., 2025). These approaches bridge the gap between ancient 
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knowledge and modern pharmacological needs, accelerating the discovery of bioactive natural 

products (Shoaib et al., 2023). 

Computational Approaches in Phytochemical Screening 

Phytochemical studies are actively starting to use machine learning (ML) techniques to process 

large datasets, predicting compound behavior and classifying molecular geometries 

(Avellaneda et al., 2025). Various algorithms like Support Vector Machines (SVM), decision 

tree, and random forest have been found relevant to QSAR modeling and consequently have 

enabled scientists to forecast biological activity, toxicity, and drug-likeness of phytochemicals 

(Ghosh et al., 2025). Recent works revealed that ML is both effective to predict potential 

antimalarial plant species, with higher predictive accuracy than traditional experimental 

screening (Richard et al., 2023). Moreover, dimensionality reduction methods and clustering 

algorithms support large-scale chemical library organisation, allowing structural and functional 

similarities of phytochemicals to be identified (Murmu et al., 2024). By prioritizing promising 

molecules for additional experimental validation, these computational methods lower workload 

and expenses. Deep learning (DL) algorithms are ML methods with expanded functionality to 

show highly non-linear associations in chemical and biological data sets (Rustandi et al., 2023). 

Models: Convolutional Neural Networks (CNNs) and Graph Neural Networks (GNNs) can be 

generally parallelized to accurately analyze the structural data of natural compounds and 

predict their pharmacological actions (Arji et al., 2019). DL approaches are also integrated into 

plant bioinformatics workflows, including image-based recognition of plant phenotypes, 

metabolite profiling, and prediction of phytochemical biosynthetic pathways (Basnet et al., 

2025). 
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Figure1: Workflow of Computational Phytochemical Screening (Basnet et al., 2025). 

In the traditional black-box nature of deep learning models, explainable DL models 

are being developed to offer better transparency and interpretability than predictive 

modeling (Basnet et al., 2025). Simplifying the computational screening method 

has been made possible by the growth of curated phytochemical databases. Large 

compendia of annotated phytochemicals are available in NPASS, IMPPAT, Super-

Natural II, and COCONUT, which are used to submit datasets using other resource 

singers (Mullowney et al., 2023) (Pandey et al., 2025). To forecast the binding 

affinities of phytochemicals and target proteins, these databases are usedin virtual 

screening procedures and computer docking platforms (Dhudum et al., 
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2024). Additionally, the application of natural language processing (NLP) and text 

mining has been used to determine pertinent phytochemical knowledge in 

ethnopharmacological literature, which has largely reinforced the incorporation of 

traditional medicinal knowledge alongside contemporary drug discovery 

Comprehensively, the entire field of phytochemical research has been 

revolutionized-through the use of computational tools, which provide more rapid 

and precise CSBA predictions/optimization, less expensive experiments, and the 

potential to fast-track the discovery process. Combined with cheminformatics, 

molecular docking, and curated databases (e.g., PubChem and ChEMBL), ML and 

DL models improve the use of virtual screening as well as prioritization of 

compounds in drug discovery (Tang et al., 2025). These advances aside, limitations 

in data coverage, standardization, and interpretability suggest that the creation of 

more streamlined and comprehensive phytochemical resources is still required 

(Parvin et al., 2025). 
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Table 1. Key Machine Learning and Deep Learning Methods in Phytochemical Screening 

Methods Purpose Citations 

Support Vector Machines 

(SVM) 
Predict biological activity and toxicity (Ghosh et al., 2025) 

Decision Trees & Random 

Forests 
Classification and regression tasks (Ghosh et al., 2025) 

Convolutional Neural Networks 

(CNN) 
Structural analysis and image-based phenotyping (Arji et al., 2019) 

Graph Neural Networks (GNN) 
  

Capture structural relationships in chemical data 
(Basnet et al., 2025) 

Natural Language Processing 

(NLP) 
Extract knowledge from literature 

  

(Rustandi et al., 2023) 

Challenges and Limitations 

Despite progress, several barriers restrict the widespread use of computational methods in 

phytochemical research. A major constraint is the scarcity of large, high-quality phytochemical 

datasets. Data inconsistencies and incomplete annotations reduce model training efficiency and 

accuracy (Feng et al., 2023). Natural products exhibit high structural diversity and 

stereoisomerism, complicating computational modeling and similarity-based predictions 

(Bulbul et al., 2025). Models trained on limited datasets may not generalize across diverse plant 

species. Overfitting is a frequent issue, limiting predictive power for novel phytochemicals 

(Murmu et al., 2024). Computational predictions often lack experimental confirmation. 
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Variability in experimental conditions and absence of benchmarking standards hinder 

reproducibility (Mullowney et al., 2023). The incorporation of traditional knowledge into 

computational platforms raises ethical concerns about intellectual property rights and benefit-

sharing with indigenous communities (Basnet et al., 2025). 

Future Perspectives 

Future phytochemical screening will increasingly integrate multi-omics data, including 

genomics, transcriptomics, proteomics, and metabolomics (Gaudencio et al., 2023). This 

integration allows mapping of biosynthetic pathways, prediction of active metabolites, and 

linking chemical profiles to therapeutic effects, accelerating novel compound discovery, and 

enhancing understanding of plant metabolism. Despite high predictive accuracy, model 

interpretability remains a challenge. Explainable computational frameworks can clarify why a 

phytochemical is predicted to be active, improving trust and supporting experimental validation 

(Parvin et al., 2024). Expanding and standardizing phytochemical databases, including 

chemical structures, biological activities, ethnobotanical knowledge, and pharmacokinetic 

data, is essential for robust model training (Dhudum et al., 2024). Future efforts should also 

address ethical considerations, fair use of traditional knowledge, and sustainable sourcing of 

plant materials to ensure equitable and responsible drug discovery (Basnet et al., 2025). 

Conclusion 

Phytochemicals remain a vital source of therapeutic agents, bridging the gap between 

traditional medicine and modern drug discovery. Conventional screening methods, while 

valuable, are limited by time, cost, and experimental complexity. Computational approaches 
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have emerged as essential tools for accelerating phytochemical research, enabling the 

prediction of bioactivity, structural analysis, and efficient prioritization of compounds. 

Integration of computational models with multi-omics data, comprehensive databases, and 

predictive frameworks enhances the discovery pipeline while providing deeper insights into 

plant metabolism and chemical diversity. The future of these approaches is filled with 

challenges like lack of data, complexity of structure, interpretability of models and ethical 

concerns that need to be addressed in order to maximize the potential of such methods. 
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