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ABSTRACT 

Polyherbal formulations, a cornerstone of traditional medicine, are gaining 

global recognition due to their synergistic therapeutic potential. However, 

standardization of these complex mixtures remains a challenge due to 

variability in raw materials, preparation methods, and phytochemical 

compositions. Metabolomics, a systems-level analytical approach, provides 

comprehensive profiling of metabolites, enabling precise characterization and 

quality control of polyherbal formulations. This review highlights the role of 

metabolomics in standardizing polyherbal products, discusses analytical 

techniques, identifies challenges, and explores future directions for integrating 

metabolomics in herbal drug development. The integration of metabolomics 

into polyherbal standardization promises enhanced reproducibility, efficacy, 

and safety, ultimately bridging traditional knowledge with modern scientific 

rigor. 
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INTRODUCTION 

Polyherbal formulations, a mainstay of Ayurveda, Traditional Chinese Medicine (TCM), and 

other ethnomedicinal systems, combine multiple herbs to exert synergistic therapeutic effects. 

Unlike single-herb extracts, these formulations are complex matrices containing hundreds of 

bioactive compounds, which pose challenges in reproducibility, efficacy, and safety. The 

variability in plant origin, harvesting conditions, extraction methods, and storage conditions  
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further complicates standardization. 

 

Traditional methods of standardization, such as organoleptic evaluation, physicochemical 

parameters, and marker compound analysis, often fall short in capturing the holistic chemical 

composition of polyherbal formulations. Consequently, there is an urgent need for advanced 

analytical strategies to ensure batch-to-batch consistency, safety, and therapeutic reliability. 

 

Metabolomics, the comprehensive study of small-molecule metabolites within biological 

systems, offers a promising solution. By enabling high-throughput profiling and chemometric 

analysis, metabolomics allows for precise quality assessment of complex herbal matrices. This 

review focuses on metabolomics-guided standardization of polyherbal formulations, 

highlighting analytical techniques, case studies, and challenges. 

 

OVERVIEW OF POLYHERBAL FORMULATIONS 

Polyherbal formulations represent one of the most sophisticated approaches in traditional 

medicine systems, where multiple plants are combined in precise ratios to achieve enhanced 

therapeutic outcomes. Unlike single-herb preparations, polyherbal mixtures aim to harness the 

collective bioactivity of their constituents, often producing effects that cannot be achieved by 

any single plant alone. These formulations are widely used in Ayurveda, Traditional Chinese 

Medicine (TCM), Unani medicine, and other ethnomedicinal systems for the prevention and 

treatment of chronic and complex diseases. 

 

1. Definition and Importance 

Polyherbal formulations are defined as medicinal preparations consisting of two or more herbal 

components, where each ingredient contributes to the overall therapeutic effect. The rationale 

behind combining herbs includes: 

a) Synergistic action: Certain bioactive compounds in one herb can enhance the activity of 

compounds in another, producing greater efficacy than the sum of individual effects. For 

example, Triphala, composed of Terminalia chebula, Terminalia bellirica, and Emblica 

officinalis, exhibits superior antioxidant activity compared to each herb alone. 

b) Reduced toxicity: Combining herbs can mitigate adverse effects. For instance, the addition 

of cooling herbs in certain formulations can balance the heat-inducing properties of others, 

reducing gastrointestinal or hepatic stress. 
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c) Multi-target therapy: Chronic diseases often involve multiple pathways. Polyherbal 

formulations target several biological pathways simultaneously. Chyawanprash, a 

polyherbal jam-like formulation, has antioxidant, immunomodulatory, and anti-

inflammatory effects, demonstrating the multi-target principle. 

d) Enhanced bioavailability: Certain herbs can increase the absorption or bioavailability of 

active compounds from other herbs. For example, piperine from Piper nigrum is used in 

several Ayurvedic formulations to improve the bioavailability of poorly absorbed 

phytochemicals. 

e) Preservation of traditional knowledge: Polyherbal formulations reflect centuries of 

empirical knowledge, capturing holistic approaches to health that focus not just on 

symptoms but on balancing the body’s overall physiology. 

 

Other widely recognized examples include: 

 Dashmool: A combination of ten roots used for musculoskeletal disorders, inflammation, 

and respiratory issues. 

 Si Wu Tang (TCM): A four-herb formula used for gynecological disorders, improving 

blood circulation and energy balance. 

 Habb-e-Jadwar (Unani medicine): A polyherbal combination for vitality enhancement 

and anti-aging effects. 

 

Overall, polyherbal formulations are important because they allow practitioners to address 

complex pathologies through multi-component, multi-target therapeutics, reflecting a more 

integrative approach compared to single-compound drugs. 

 

2. Challenges in Standardization 

Despite their therapeutic potential, polyherbal formulations face significant challenges in 

quality control and standardization. These challenges arise from the complexity and variability 

of plant-derived constituents: 

a) Complexity of chemical composition: Polyherbal formulations contain hundreds of 

primary (sugars, amino acids) and secondary metabolites (alkaloids, flavonoids, terpenoids, 

tannins, saponins). These metabolites may vary in concentration due to factors such as plant 

maturity, part used (root, leaf, seed), and extraction method. Traditional marker-based 

methods often monitor only one or two compounds, which is insufficient to represent the  
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entire chemical complexity. 

 

b) Variation in raw materials: Environmental conditions such as soil type, rainfall, 

temperature, and seasonal variations directly affect metabolite content. Additionally, 

genetic diversity between plant species or cultivars can lead to substantial chemical 

differences. For instance, the polyphenolic content of Terminalia chebula may vary 

between plants collected from different regions of India, affecting the efficacy of Triphala. 

 

c) Lack of comprehensive analytical methods: Conventional quality assessment relies on 

macroscopic evaluation (color, texture, aroma) and basic physicochemical parameters 

(moisture, ash content). While useful, these methods do not capture the full spectrum of 

bioactive molecules or detect adulteration, contamination, or degradation products. 

 

d) Synergistic interactions: Therapeutic effects often arise not from a single compound but 

from interactions among multiple metabolites. Minor constituents may exert profound 

biological effects through synergistic or antagonistic interactions. Therefore, standardizing 

a formulation based only on major markers may not guarantee bioactivity. 

 

e) Batch-to-batch variability: Due to the aforementioned factors, even products prepared 

using the same formulation may vary in potency and efficacy. This inconsistency poses 

challenges for clinical studies, regulatory approval, and consumer trust. 

 

Addressing these challenges requires modern analytical tools, such as metabolomics, which 

can comprehensively profile the full chemical makeup of polyherbal formulations, identify key 

metabolites, and ensure reproducible quality. 

 

METABOLOMICS IN HERBAL MEDICINE 

Metabolomics is an emerging field in systems biology that focuses on the comprehensive 

profiling of metabolites—the small molecules (usually ≤1,500 Da) produced during cellular 

processes. These metabolites represent the biochemical phenotype of a biological system, 

providing a snapshot of the physiological and pathological state. Unlike genomics or 

proteomics, which reflect potential or ongoing biological functions, metabolomics captures the 

real-time chemical output of metabolic processes, making it highly relevant for evaluating 
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 complex herbal formulations. 

 

In herbal medicine, and particularly in polyherbal formulations, metabolomics offers a robust  

approach to address the limitations of conventional standardization methods. Because these 

formulations contain hundreds of compounds—many of which act synergistically—the 

traditional approach of monitoring only a few marker compounds often fails to ensure batch-

to-batch consistency or correlate with biological activity. Metabolomics overcomes these 

challenges by providing a holistic chemical fingerprint of the formulation. 

 

1. Applications in Polyherbal Formulations 

Metabolomics has multiple applications in the standardization and quality control of polyherbal 

medicines: 

a) Comprehensive profiling of phytochemicals: 

Metabolomics enables the simultaneous detection and quantification of a wide range of 

chemical classes, including alkaloids, flavonoids, terpenoids, saponins, glycosides, and 

phenolic compounds. For example, in Triphala, LC-MS-based metabolomics can identify 

tannins from Terminalia chebula, flavonoids from Emblica officinalis, and other minor 

metabolites that contribute to antioxidant activity. 

 

b) Identification of marker metabolites for quality control: 

By comparing metabolite profiles across batches, unique or bioactive compounds can be 

identified as markers for standardization. For instance, gallic acid and ellagic acid in 

Triphala can serve as quantitative markers to ensure consistent antioxidant activity. 

 

c) Detection of adulterants, contaminants, or degradation products: 

Polyherbal formulations are susceptible to contamination with heavy metals, pesticides, or 

substitution of plant species. Metabolomic profiling can detect such adulteration by 

revealing unexpected chemical signals or missing expected metabolites. 

 

d) Correlation of chemical profiles with therapeutic efficacy: 

Metabolomics allows researchers to link specific metabolites or metabolite combinations 

to biological activity. For example, NMR-based metabolomics of Chyawanprash has 

shown that flavonoid and vitamin C levels correlate with antioxidant and  
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immunomodulatory activity. Such correlations facilitate evidence-based quality control. 

 

e) Monitoring stability and shelf life: 

Over time, metabolites in herbal formulations may degrade due to heat, light, moisture, or 

oxidation. Metabolomics can detect changes in the chemical profile, allowing 

manufacturers to define appropriate storage conditions and shelf life. 

 

f) Facilitating regulatory compliance: 

With increasing global demand for herbal products, regulatory agencies require evidence 

of consistency, safety, and efficacy. Metabolomics provides a scientific, reproducible 

method to meet these standards, supporting international acceptance. 

 

2. Analytical Techniques in Metabolomics 

Accurate metabolomic analysis relies on high-resolution analytical techniques capable of 

detecting diverse metabolites with sensitivity and precision. The most widely used techniques 

include: 

 

Table 1: Common Metabolomics Techniques in Polyherbal Analysis 

Technique Principle 
Application in 

Polyherbals 
Advantages Limitations 

LC-MS 

Liquid 

chromatography 

coupled with mass 

spectrometry 

Detection of 

diverse metabolites 

including alkaloids, 

flavonoids, and 

saponins 

High sensitivity, 

structural 

information 

Complex data 

analysis, 

expensive 

GC-MS 

Gas chromatography 

with mass 

spectrometry 

Analysis of volatile 

and semi-volatile 

compounds 

High resolution, 

reproducibility 

Requires 

derivatization, 

limited to volatile 

compounds 

NMR 

Nuclear magnetic 

resonance 

spectroscopy 

Non-targeted 

metabolite profiling 

Non-destructive, 

reproducible, 

quantitative 

Low sensitivity, 

expensive 



    
 

 

50 Page 44-55 © MANTECH PUBLICATIONS 2026. All Rights Reserved 

 

International Journal of Pharmacognosy and Phytochemical Sciences 

Volume 4, Issue 1, January-April 2026  

 

 
Technique Principle 

Application in 

Polyherbals 
Advantages Limitations 

FT-IR 

Fourier-transform 

infrared 

spectroscopy 

Functional group 

analysis 

Rapid, minimal 

sample prep 

Limited structural 

info 

 

3. Chemometrics and Data Analysis 

Metabolomic profiling of polyherbal formulations generates complex, high-dimensional 

datasets containing hundreds to thousands of variables representing metabolites. Raw data from 

analytical platforms such as LC-MS, GC-MS, or NMR cannot be interpreted directly due to 

overlapping signals, noise, and the sheer volume of information. Chemometrics, the 

application of mathematical, statistical, and computational techniques to chemical data, is 

essential to extract meaningful patterns, classify samples, and correlate chemical composition 

with biological activity. 

 

a) Principal Component Analysis (PCA) 

Principal Component Analysis (PCA) is an unsupervised multivariate technique that reduces 

data dimensionality while retaining the most relevant variance. By transforming the original 

variables into principal components (PCs), PCA identifies patterns, clusters, and outliers in 

complex datasets. 

 

Applications in Polyherbal Formulations: 

 Batch consistency: PCA can be used to compare metabolite profiles across different 

batches of the same formulation. For example, LC-MS data from multiple batches of 

Triphala may be plotted on a PCA score plot to visualize whether they cluster tightly, 

indicating consistent chemical composition. 

 Detection of adulteration: Samples deviating from the main cluster may indicate 

adulteration or substandard quality. For instance, a batch of Chyawanprash containing 

substandard Emblica officinalis may appear as an outlier on the PCA plot. 

 

Interpretation: The loading plot identifies which metabolites contribute most to the observed 

variability, allowing researchers to pinpoint key marker compounds for quality control. 
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b) Partial Least Squares Discriminant Analysis (PLS-DA) 

Partial Least Squares Discriminant Analysis (PLS-DA) is a supervised technique that 

models the relationship between metabolite profiles (X variables) and predefined classes or 

outcomes (Y variables), such as bioactivity, therapeutic efficacy, or sample origin. PLS-DA 

emphasizes variation that is predictive of class differences, making it more targeted than PCA. 

 

Applications in Polyherbal Formulations: 

 Linking metabolites to efficacy: PLS-DA can correlate metabolite abundance with 

pharmacological activity. For example, in Triphala, PLS-DA may reveal that high levels of 

gallic acid and chebulinic acid correlate with stronger antioxidant activity. 

 Classification of herbal products: PLS-DA can distinguish authentic versus adulterated 

products or differentiate formulations prepared using different extraction methods. 

 

Interpretation: PLS-DA provides variable importance in projection (VIP) scores, 

identifying metabolites that most strongly contribute to class separation. These metabolites 

often serve as robust markers for standardization and quality control. 

 

c) Hierarchical Cluster Analysis (HCA) 

Hierarchical Cluster Analysis (HCA) groups samples based on similarity in their metabolite 

profiles, creating a dendrogram (tree-like diagram) that illustrates relationships between 

samples. Unlike PCA and PLS-DA, HCA does not require dimensionality reduction or 

predefined class labels, making it a useful exploratory tool. 

 

Applications in Polyherbal Formulations: 

 Identifying similar batches: HCA can group batches of a formulation with similar 

chemical profiles, confirming reproducibility. 

 Detection of outliers and adulteration: Batches that cluster separately from authentic 

samples can indicate contamination, substitution, or degradation. 

 Comparing formulations: HCA can be applied to compare different polyherbal products 

targeting the same indication, highlighting differences in chemical composition that may 

influence therapeutic activity. 

 

Interpretation: The distance metric (e.g., Euclidean, Manhattan) and linkage method (e.g.,  
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complete, average) determine how samples cluster. Heatmaps are often combined with HCA 

to visualize metabolite abundance across clusters. 

 

d) Integrating Chemometrics with Biological Data 

In advanced metabolomics studies, chemometric analyses are often integrated with bioactivity 

or pharmacological data to provide a holistic understanding: 

 Metabolite-bioactivity correlation: Multivariate regression can link specific metabolites 

to observed biological effects, enabling selection of quality markers. 

 Network analysis: Correlation matrices and pathway mapping connect metabolites to 

biochemical pathways, highlighting synergistic interactions within polyherbal 

formulations. 

 Predictive modeling: Machine learning algorithms can use chemometric outputs to predict 

batch quality or therapeutic efficacy, streamlining quality control in manufacturing. 

 

Example Workflow 

1. Obtain metabolite profiles from LC-MS of five batches of Triphala. 

2. Perform PCA to visualize natural clustering and detect outliers. 

3. Apply PLS-DA to correlate metabolite levels with antioxidant assay results. 

4. Use HCA and heatmaps to group batches and visualize metabolite abundance patterns. 

5. Identify key marker compounds (e.g., gallic acid, chebulinic acid) for standardization. 

 

METABOLOMICS-GUIDED STANDARDIZATION WORKFLOW 

The standardization of polyherbal formulations using metabolomics involves several steps: 

1. Sample Collection and Preparation: Selection of authenticated plant materials, drying, 

grinding, and extraction using standardized solvents. 

2. Metabolite Profiling: Application of LC-MS, GC-MS, or NMR to generate 

comprehensive metabolite fingerprints. 

3. Data Processing: Peak identification, normalization, and multivariate analysis to 

differentiate batches and detect adulteration. 

4. Marker Identification: Selection of unique or bioactive metabolites as markers for quality 

control. 

5. Validation: Reproducibility testing across batches and correlation with pharmacological 

activity. 
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Figure 1: Schematic workflow of metabolomics-guided polyherbal standardization 

 

CASE STUDIES 

1. Triphala 

Triphala, composed of Terminalia chebula, Terminalia bellirica, and Emblica officinalis, has 

antioxidant, anti-inflammatory, and gastrointestinal benefits. LC-MS-based metabolomics 

identified key phenolic and tannin metabolites responsible for bioactivity. PCA and HCA 

differentiated authentic Triphala from commercial variants, demonstrating metabolomics’ 

efficacy in quality assessment. 

 

2. Chyawanprash 

Chyawanprash, a polyherbal jam-like preparation with over 40 herbs, was analyzed using NMR 

metabolomics. Metabolic fingerprinting revealed batch-to-batch variations in flavonoids, 

alkaloids, and vitamins. The study established specific marker metabolites, enabling 

reproducible quality control. 

 

3. Traditional Chinese Formulations 

A study on Si Wu Tang, a four-herb TCM decoction, employed GC-MS metabolomics to 

identify volatile oils and minor metabolites critical for therapeutic efficacy. Chemometric 

analysis allowed detection of adulterated and substandard batches, ensuring safety and efficacy. 
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ADVANTAGES OF METABOLOMICS-GUIDED STANDARDIZATION 

 Comprehensive profiling: Captures all metabolites rather than selected markers. 

 Detection of adulteration: Sensitive to foreign or degraded substances. 

 Correlation with bioactivity: Connects metabolite levels to pharmacological effects. 

 Reproducibility: Ensures consistent quality across batches. 

 Regulatory compliance: Supports global standards for herbal medicines. 

 

CHALLENGES AND LIMITATIONS 

Despite its advantages, metabolomics faces several challenges: 

1. Complex data analysis: Requires bioinformatics expertise. 

2. Cost and infrastructure: High-end instruments and trained personnel are expensive. 

3. Metabolite identification: Unknown compounds may be difficult to annotate. 

4. Standardization across platforms: Variability in sample prep and instrument settings can 

affect reproducibility. 

 

FUTURE PERSPECTIVES 

Integration of metabolomics with complementary approaches can further enhance polyherbal 

standardization: 

 Network pharmacology: Mapping metabolites to targets for mechanistic insights. 

 Pharmacometabolomics: Linking metabolic profiles to patient responses. 

 Artificial Intelligence (AI): Predictive modeling of herbal efficacy and safety. 

 Regulatory adoption: Standardized metabolomics protocols can become global 

benchmarks for polyherbal quality control. 

 

CONCLUSION 

Metabolomics-guided standardization represents a paradigm shift in the quality control of 

polyherbal formulations. By enabling comprehensive metabolite profiling, detection of 

adulteration, and correlation with pharmacological activity, metabolomics ensures 

reproducibility, efficacy, and safety of herbal products. While challenges such as cost, data 

complexity, and metabolite identification remain, advances in analytical techniques, 

chemometrics, and AI integration offer promising solutions. Ultimately, metabolomics bridges 

traditional knowledge with modern scientific rigor, fostering global acceptance and regulatory 

compliance for polyherbal medicines. 
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