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ABSTRACT: Actually, herbal medicines are an essential part of traditional systems of medicine and 

are now finding acceptance in modern medicine. However, owing to the bio pharmacological activities 

of their phytoconstituents, standardization, quality control, and scientific validation face several 

challenges. Secondary metabolites that are bioactive compounds within the herbal remedies are mostly 

present within matrix-encapsulated, and matrix variations are not alike which makes the identification 

and quantification difficult. This review aims at discussing several challenges that are being faced in the 

phytochemical research, and the evolution in analytical technologist that is being used to overcome these 

challenges. Contemporary flow-based chromatographic techniques like UPLC and hyphenated 

methodologies inclusive of GC-MS quickly and accurately separate and quantify the contained 

phytoconstituents in a highly sensitive manner. At the same time, spectroscopy methods, such as Nuclear 

Magnetic Resonance (NMR) and Fourier Transform Infrared Spectroscopy (FTIR), enable the analysis 

of complexes and their structures with little sample pre-treatment required. Hyphenated techniques like 

LC-MS, HPLC-DAD are amalgamation of two or more than two conventional techniques, which have 

optimized procedures and detailed solutions for complex herbal matrix. Besides traditional analytical 

methodologies including conventional laboratory tests, more recent techniques involve portable 

miniaturized analytical systems, and application of artificial intelligence. These encompass artifacts that 

enable analysis at the scene or on-site enhancements that use machine learning algorithms to improve 

analysis of data obtained. However, the common issues are still there, including the cost, technical 

knowledge, and permission requirements. This review underscores these developments while 

underlining the concern on safety, quality, and international recognition of these herbal products. 

Linking conventional practices with innovation, these methods release the potential of phytoconstituents 

for enhancing the prospect for the world’s health.  
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1. INTRODUCTION 

Anticipated to be the mainstay of ethnopharmacology, 

traditional medicines mostly based on plant extracts are slowly 

being appreciated in contemporary medicine. They contain 

various bioactive compounds known phytoconstituents and 

these possessed pharmacological activities such as anti-

inflammatory, antioxidant, antimicrobial and so on [1]. Due to 

the current need for holistic and ecofriendly approaches to using 

natural resources, herbal medicines are a valuable source of 

relief for chronic diseases, lifestyle diseases, and diseases that 

are not easily treated with chemical drugs [2]. However, the 

identification and characterization of phytoconstituents contain 

certain limitations barring their seemingly boundless 

therapeutic applications. Herbal preparations are complex in 

nature comprising a huge number of components of distinct 

chemical classes and with different concentrations and mutual 

linkages [3]. listeners; Other things like the conditions of 

growing either in the laboratory or out in the farms, the region 

of origin and the method of preparation for consumption all add 

to the variations on the chemical makeup of Moringa. 

Conventional techniques of analysis fail to provide adequate 

sensitivity, selectivity, and robustness to closely study and 

quantify these complex assemblies, thus posing the need for 

sophisticated and accurate methods [4]. 

This article presents a detailed critique of the state of the art 

concerning novel analysis strategies which has transformed 

phytocomponents analysis. It goes into detail in explaining the 

new methods like chromatography, spectroscopy and 

hyphenated techniques, which are far more precise and faster 

than other conventional forms of techniques [5].  

By outlining the applications of and future work that should be 

done regarding these advancements, this review seeks to 

broaden the gap between conventional knowledge of herbal 
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medicine and strictly scientific evidence to integrate the two so 

as to make the remedies safe, effective, and accepted around the 

world [6]. 

2. PHYTOCONSTITUENTS IN HERBAL MEDICINES 

2.1 Definition and Classification 

Bioactive compounds are naturally occurring constituents in 

plants which are responsible for curative actions. They are 

reactive compounds that constitute additions to the therapeutic 

effects of the plant derived herbs. There are various 

classifications of organic compounds broad category which is 

determined by the chemical composition and maybe the 

functional groups present in the compound [7]: 

• Alkaloids: Alkaloids that possess a relevant 

pharmaceutical impact, for example, morphine, which is 

an anesthetic, and quinine, which is used to treat malaria. 

• Flavonoids: Flavonoids, mostly of the flavonol and 

flavone type, and specifically quercetin and kaempferol 

containing anti-oxidant & anti-inflammatory 

precipitations. 

• Terpenoids: A diverse group with antimicrobial and 

anti-cancer activities for instance artemisinin and 

menthol. 

• Glycosides: Conjugates with sugar residues including 

cardenolides (for instance, digoxin), which are terribly 

vital in cardiovascular therapies. 

• Others: Saponins, tannins, lignans and phenolic acids 

are also involved in number of therapeutic uses [8]. 

This classification highlights the diversity of phytoconstituents 

and their wide-ranging pharmacological potential. 

2.2 Therapeutic Applications 

Phytoconstituents play a major role in the medical properties of 

plants and lots are being used in today’s congress. Examples 

include: 

• Curcumin (from turmeric): Known for its anti-

inflammatory and anti-cancer properties. 

• Resveratrol (from grapes): A potent antioxidant with 

cardiovascular protective effects. 

• Epigallocatechin gallate (EGCG, from green tea): 

Demonstrated attributes like anti-obesity, anti-diabetic 

attributes and has the potential to defend against Cancer 

cells. 

• Saponins (from ginseng): Employed for their ability to 

act as natural stress and more importantly, immune 

system enhancers. These compounds act as lead 

compounds in drug development and the requisite 

knowledge about these compounds underlines the 

significance of innovative theranostics. [9]. 

2.3 Challenges in Extraction and Analysis 

Despite their potential, the analysis and standardization of 

phytoconstituents pose significant challenges: 

• Stability Issues: There are a lot of possibilities that many 

phytoconstituents are very sensitive to environmental 

conditions such as light exposure, temperature and the 

pH level, thereby undergo degradation during the 

extraction period as well as during storage. 

• Matrix Interference: Herbal medicines come with a 

cocktail of phytoconstituents whose interactions make 

isolation and quantification very challenging. 

• Standardization Challenges: Stability and variability 

of the cultivation, harvesting, and processing of plants 

are the producers of phytoconstituent profiles. Another 

factor which prevents standardization of herbal products 

is the above noted variability [10]. 

Table 1: Classification of phytoconstituents with examples and therapeutic 

uses [11] 

Phytoconstituent Type Examples Therapeutic Uses 

Alkaloids Morphine, Quinine Analgesic, 

Antimalarial 
Flavonoids Quercetin, 

Kaempferol 

Antioxidant, Anti-

inflammatory 

Terpenoids Artemisinin, 
Menthol 

Antimicrobial, Anti-
cancer 

Glycosides Digoxin, Stevioside Cardiotonic, 

Sweetener 
Saponins Ginsenosides, 

Dioscin 

Adaptogenic, 

Immunomodulatory 

Tannins Ellagic acid, 
Catechins 

Astringent, 
Antioxidant 

Lignans Sesamin, 

Podophyllotoxin 

Anti-cancer, 

Hepatoprotective 
Phenolic Acids Caffeic acid, Gallic 

acid 

Anti-inflammatory, 

Antioxidant 

Coumarins Umbelliferone, 
Scopoletin 

Anticoagulant, Anti-
inflammatory 

Polysaccharides Beta-glucan, Pectin Immune-boosting, 

Prebiotic 
Anthraquinones Aloe-emodin, 

Chrysophanol 

Laxative, Anti-

inflammatory 

Sterols Beta-sitosterol, 
Stigmasterol 

Cholesterol-lowering, 
Anticancer 

3. ANALYTICAL TECHNIQUES: AN OVERVIEW 

3.1 Traditional Techniques 

Traditionally, conventional analytical methods have remained 

the cornerstone in the discovery and description of 

phytoconstituents in herbal remedies. These include ordinary 

tube tests, thin layer chromatography, and spectro photometer 

tests. Although they as an initial attempt of giving awareness 

about the phytochemical composition, they possess enormous 

drawbacks [12]. 

• Thin-Layer Chromatography (TLC): Useful for quick 

screening but lacks precision in quantification and 

separation of complex mixtures [13]. 
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• Spectrophotometry: Adequate for bulk analysis but 

unable to differentiate between structurally similar 

compounds [14]. 

• Gravimetric and Volumetric Methods: Simple but not 

suitable for detecting trace amounts of bioactive 

compounds [15]. 

The conventional methods being lengthy, tedious, manpower 

oriented and lack the selectivity and sensitivity needed to tackle 

multidimensional herbal matrices. These limitations have led to 

formulation of complex analytical techniques [16]. 

3.2 Advancements in Analytical Techniques 

Modifications in the logic of phytoconstituent analysis came 

with advanced analytical techniques that provide enhanced 

sensitivity, accuracy and reproducibility [17]. 

Chromatographic Methods: 

• High-Performance Liquid Chromatography 

(HPLC): Provides excellent separation and 

quantification capabilities for complex mixtures. 

• Gas Chromatography-Mass Spectrometry (GC-MS): 

Ideal for volatile compounds with high sensitivity. 

• Ultra-Performance Liquid Chromatography 

(UPLC): Enhances speed and resolution, making it a 

preferred choice for high-throughput analyses [18]. 

Spectroscopic Methods: 

• Nuclear Magnetic Resonance (NMR): Non-destructive 

and highly specific for structural elucidation. 

• Fourier Transform Infrared Spectroscopy (FTIR): 

Rapid identification of functional groups and chemical 

bonds. 

• Mass Spectrometry (MS): Exceptional for detecting 

compounds in trace amounts and identifying unknown 

phytoconstituents [19] 

Compared to conventional qualitative approaches, these 

sophisticated methods overcome the shortcomings allowing 

precise and faster evaluation of herbal products. 

3.3 Integrated and Multimodal Approaches 

Hybrid strategy in analytical methods are used to combine more 

than one method and results in more accurate and thorough 

results [20]. 

Hyphenated Techniques: 

• LC-MS (Liquid Chromatography-Mass Spectrometry): 

A technique that incorporates the selectiveness of 

chromatography to the identification capabilities of mass 

spectrometry. 

• GC-MS (Gas Chromatography-Mass Spectrometry): 

Gives qualitative and quantitative evaluation of various 

unpredictable compounds with increased accuracy. 

• HPLC-DAD (High-Performance Liquid 

Chromatography with Diode Array Detection): 

Permits identification of several compounds at once due 

to the differences in their spectra [21]. 

Multimodal Approaches: Metabolomics and chemometrics 

are applied in combination to compile information from the 

multiple sources to consider phytoconstituent profiles [22]. 

These combined strategies increase the robustness of 

phytoconstituent characterization, specifically in the natural 

products with multiple components, using sample matrix 

Interference elimination and improved variability. Altogether 

these two works form the most advanced analytical tool 

available at present linking the age old practice of using herbal 

drugs to the most scientific technique available today [23]. 

Table 2: Comparison of traditional and advanced analytical techniques[24] 

Feature Traditional Techniques Advanced Techniques 

Sensitivity Low High 

Specificity Moderate High 

Accuracy Variable High 
Reproducibility Low High 

Throughput Low High 

Time Efficiency Time-consuming Rapid 
Cost Low High 

Sample Preparation Simple Extensive 

Ability to Analyze 
Complex Matrices 

Limited Excellent 

Suitability for 

Standardization 

Inconsistent Highly suitable 

4. ADVANCEMENTS IN ANALYTICAL TECHNIQUES 

4.1 Chromatographic Methods 

Chromatography has evolved overtime and becoming one of the 

powerful techniques used in the emerging, separation, 

identification, and quantification of phytoconstituents in herbal 

medicines [25]. 

• High-Performance Liquid Chromatography (HPLC): 

HPLC is preferably used due to it high accuracy and 

ability to separate mixtures which may be composed of 

several compounds. It gives highly accurate and 

reproducible results; it can be used to quantify bio-active 

chemical constituents in both crude herbal extracts and 

the finished products [26]. 

• Ultra-Performance Liquid Chromatography 

(UPLC): UPLC is a new technology compared to HPLC 

composed of smaller particle size and high-pressure 

capability that yields a faster analysis with higher 

resolutions than the HPLC. This method is useful for 

high throughput analysis and is associated with some 

advantages such as increased throughput but at the same 

time does not lose the sensitivity of the analysis and its 

accuracy [27]. 
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• Advances in Gas Chromatography (GC): GC retains 

its position as a method of choice for volatile compounds 

and essential oils. Recent advancement in GC has 

improved the techniques sensitivity and selectivity 

especially when combined with detectors such as FID or 

GC-MS [28]. 

4.2 Spectroscopic Techniques 

Spectroscopy provides rapid and non-destructive methods for 

identifying phytoconstituents based on their structural and 

chemical properties. 

• Nuclear Magnetic Resonance (NMR): A critical appeal 

of NMR is in the identification of structure of 

phytoconstituents in a molecular aspect. Because of its 

high specificity it is useful in distinguishing compounds 

with similar structures making it instrumental in natural 

product chemistry [29]. 

• Fourier Transform Infrared Spectroscopy (FTIR): 

FTIR is applied for functional group analysis and for 

chemical bond determination in a compound. It is a fast 

method financially efficient appropriate for early-stage 

analysis of data [30]. 

• Mass Spectrometry (MS): MS gives unmatched 

sensitivity where even a trace presence of 

phytoconstituents in a matrix can be detected. This 

method is especially useful for unknown compounds and 

the fingerprinting of multi-herbal formulations [31]. 

4.3 Hyphenated Techniques 

Hyphenated techniques combine two or more analytical 

methods, leveraging their strengths to overcome the limitations 

of standalone techniques. 

Techniques like LC-MS, GC-MS, and HPLC-DAD: 

• LC-MS (Liquid Chromatography-Mass Spectro-

metry): A type of system that integrates chromatography 

for the separation of components with mass spectrometry 

for the detection of substances most useful for handling 

compounds in solution. 

• GC-MS (Gas Chromatography-Mass Spectrometry): 

Combines GC’s capacity of the separation of compounds 

with MS for compound identification, found for essential 

oil analysis. 

• HPLC-DAD (High-Performance Liquid Chromato-

graphy with Diode Array Detection): Allows for 

following identification of several compounds enhancing 

identification based on the UV-Vis spectra [32]. 

Advantages of Hyphenation in Complex Matrices: Combined 

techniques further specificity, sensitivity and accuracy aimed at 

a comprehensive investigation of multicomponent herbal 

preparations. They are especially useful when it comes to 

detection of the secondary or trace elements which could be 

important for therapeutic effects [33]. 

 
Fig. 1: Workflow of a hyphenated technique (e.g., LC-MS) [34]. 

Table 3: Applications of advanced techniques with examples of 

phytoconstituents [35] 

Advanced 

Technique 

Example 

Phytoconstituents 

Applications 

HPLC Curcumin, Catechins Quantification of active 
compounds 

UPLC Flavonoids, Phenolic 

acids 

High-throughput 

compound screening 
GC-MS Essential oils, Terpenes Analysis of volatile 

compounds 

LC-MS Alkaloids, Glycosides Identification of minor 
components 

NMR Resveratrol, Ginsenosides Structural elucidation 

FTIR Tannins, Saponins Functional group 

analysis 
HPLC-DAD Polyphenols, 

Anthraquinones 

Spectral-based 

compound profiling 

Metabolomics Metabolites in plant 
extracts 

Metabolic 
fingerprinting 

Chemometric 

Analysis 

Complex phytochemical 

profiles 

Data-driven 

phytoconstituent 
analysis 

Capillary 

Electrophoresis 

Alkaloids, Anthocyanins Separation of charged 

molecules 

5. APPLICATIONS IN HERBAL MEDICINE 

5.1 Standardization and Quality Control 

The issue of quality control of the raw herbal medicines is a 

very important factor in the use of these medicines as it plays a 

vital role in the conformity of their safety, efficacy and 

reproducibility. Advanced analytical techniques play a pivotal 

role in achieving this by: 

• Quantifying Active Constituents: Such techniques as 

HPLC and UPLC aid in formulation of exact 

concentrations of gathered bioactive compounds while 

raising bar of dosage standardization between different 

batches [36]. 

• Detecting Contaminants: Techniques that include GC-

MS and LC-MS were also significant in determining 

concentration of contaminants in foods and especially 

pesticides, heavy metals, and adulterants [37]. 

• Authentication of Raw Materials: Chemical 

fingerprinting analytical tools such as NMR and FTIR 

spectroscopy can be used in confirming the purity of 

plant materials to support the use of accurate 

formulations in the preparation of products. When 

implemented in the production line the following 
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techniques will help set quality benchmarks for herbal 

products among manufacturers [38]. 

5.2 Identification of Bioactive Compounds 

To realize the pharmacological properties of herbal medicines, 

the bioactive compounds are essential to recognize. With the 

help of modern chemometric analyses, researchers were able to 

identify and describe the most important phytoconstituents. 

• Curcumin in Turmeric: From HPLC and LC-MS 

analysis, curcumin has been determined to exhibit anti-

inflammatory and antioxidant activity, and thus 

incorporated in numerous formulations [39]. 

• Ginsenosides in Ginseng: It was then analyzed using 

NMR and HPLC-DAD to reveal that Ginsenosides owns 

adaptogenic/ immunomodulatory properties [40]. 

• Catechins in Green Tea: The photometric derivatization 

technique and UPLC have been employed to quantify 

catechins which possess anticancer and cardio-protective 

effects. Such examples show how innovative approaches 

enhance the process of identification and differentiation 

of biologically active compounds to promote further 

legitimate utilization of plant-based remedies for 

diseases [41]. 

5.3 Enhancement of Therapeutic Potential 

The therapeutic potential of herbal medicines can be enhanced 

through the application of advanced analytical methods in 

formulation development and dosage optimization. 

• Formulation Optimization: This view has attributed 

the technique such as chemometric analysis and 

metabolomics to determine the synergistic propping up 

of phytoconstituents that may facilitate the formulation 

of highly effective remedies [42]. 

• Dosage Standardization: Analytical methods on active 

compounds enable establishment of dosage levels thus 

reducing variability and enhance therapeutic 

performance [43]. 

 
Fig. 2: Example chromatograms or spectral data for a known 

phytoconstituent [45] 

Targeted Delivery Systems: In the development of targeted 

delivery systems, mass spectrometry and NMR are important in 

determining the compound stability and its interaction with 

carriers. Such innovations work to ensure that herbal medicine 

products offer the highest clinical value with the least side 

effects placing herbal medicine as a vital cornerstone in 

contemporary health care systems [44]. 

6. CHALLENGES AND LIMITATIONS 

6.1 Cost and Accessibility 

One of the primary challenges associated with advanced 

analytical techniques is their high cost and limited accessibility. 

• Equipment Costs: Instruments such LC-MS, NMR as 

well as UPLC are expensive, thus cannot be afforded by 

small laboratories or manufacturers who operate in less-

endowed environments. 

• Operational Expertise: These techniques require 

personnel for operation and analysis of data, which is a 

challenge in areas where the workforce is still a 

challenge. 

• Maintenance and Upkeep: By the current design, there 

are numerous operational costs such as maintenance and 

calibration, which add up to the cost and prove to be 

prohibitive in making them convenient for widespread 

use. To overcome these barriers, new approaches to cost 

reduction and capacity development need to be 

undertaken in order to increase the access and utilization 

of deep analytical capabilities [46]. 

6.2 Complex Herbal Matrices 

Herbal medicines are composed of highly complex mixtures, 

which pose significant challenges during analysis. 

• Reproducibility Issues: Differences in type and stage of 

plant cultivation, geographical source, and time of 

harvesting lead to variations of phytoconstituent levels, 

and thus making replication of such studies hard [47]. 

• Data Complexity: Metabolite identification is always 

extensive and generates much data; other secondary 

analytes also produce voluminous data. Indeed, the 

interpretation of these data is possible in the context of 

the usage of specific software and with the help of 

specialists [48]. 

• Matrix Interference: Since there are many compounds 

in the herbal matrices, superimposition or suppression of 

signals including peaks is a major challenge in 

identification and quantification of analytes. There will 

need to be additional, more durable penetration of sound 

methodologies and the incorporation of modern 

computational aids such as chemometrics for analyses 

[49]. 

 



International Journal of Pharmaceutical Science and Medicine. 2024; 2(3): 94-101                                                                       Kumar et al. 

99 
International Journal of Pharmaceutical Science and Medicine 

6.3 Regulatory and Standardization Issues 

The lack of globally harmonized regulations for herbal 

medicines remains a significant limitation in their acceptance 

and integration into modern healthcare. 

• Inconsistent Standards: Inconstancy of quality 

standards from one country to another results in 

differences in product assessment and hence the quality 

of products cannot be guaranteed. 

• Documentation Gaps: Traditional knowledge does not 

have adequate documentation, and lack of scientific 

research information causes difficulties that lead to 

delayed regulatory approval. 

• Regulatory Barriers: Still, advanced techniques, 

although applied efficiently in certain situations, are not 

as firmly prescribed and applied in different regulatory 

frameworks as basic ones, which contributes to 

inconsistency further. These concerns require the 

elaboration of international cooperation and the 

development of standard requirements and further 

regulatory schemes for qualifying herbal products [50]. 

7. FUTURE DIRECTIONS 

Therefore, the future of phytoconstituent analysis of herbal 

medicines depends on the advancement of new technology, 

especially in collaboration between countries. The recently 

developed miniaturized analytical devices are expected to 

revolutionize the field by providing portable and field analytical 

methods for real time analysis [51]. Some of them include 

handheld spectrometers, where they allow on the spot analysis 

of raw materials and the final products, and portable 

chromatographs. Their cost and simplicity also make them ideal 

for use especially in environments with limited resources 

thereby enabling the wider use of complex analyses strategies 

[52]. 

It is a known fact that future of analyzing data is in the hands of 

artificial intelligence (AI) and machine learning (ML). These 

technologies are particularly well suited to dealing with the very 

large and diverse information loads that result from the various 

forms of analytical methodologies [53]. The possible 

application of Artificial Intelligence related tools can help to 

pattern compounds’ interactions, they can also predict 

optimized analytical procedures, serve to enhance the 

Phytoconstituent analysis function and noticeably increase its 

overall accuracy. In the same way, formulation design and /or 

therapeutic outcomes can also be modeled and predicted using 

ML models thus expanding knowledge and facts from empirical 

formulation to scientific formulation [54]. 

Combination on an international realm is important in 

addressing the issues of variation and variance of regulations in 

herbal remedies. It is suggested that global databases of 

phytoconstituents should be set up, with study and analytical 

techniques to be unified across it so as to improve on the 

research methodology in the field [55]. They should undergo 

cross-country collaborations to share knowledge and funds that 

enhance formulation of universal protocols on how to analyze 

and standardize the herbal products. These collective efforts 

will help in promoting the use of analytical model-based 

approaches in their health-care systems, and for making herbal 

products safer, effective and affordable [56]. 

CONCLUSION 

Analyses of such advancement highlight the fact that modern 

analytical procedures have solved some of the biggest problems 

in the identification, quantification and characterization of 

phytoconstituents in herbal medicine research. In the recent 

past, advanced chromatographic techniques like HPLC and 

UPLC along with powerful spectroscopic TechNet like NMR 

and Fining have improved the sensitivity, specificity, and speed 

of photo determination. In addition, this presentation has 

revealed the advantage of co-utilizing more specific hyphenated 

systems such as LC-MS and GC-MS for comprehensive 

characterization of intricate herbal matrices that have enhanced 

the standardization and quality assessment of medicinal herbs. 

Such advancements have brought out herbals from folklore 

practices to acknowledged therapeutic systems easing 

acceptance of herbals in the prevailing health care systems 

around the globe. 

Nevertheless, challenges like high costs, technical skilled 

manpower, and incomorphic nature of regulations still linger 

thus steering expansion of these techniques. Future research 

should include introducing cheap and mobile analytical 

instrumentation for a broad range of users. The use of artificial 

intelligence and machine learning in enhancing disc analysis, 

model prediction, as well as the enhancement in therapeutic 

formulations creates boundless possibilities. Also, international 

cooperation is important while coordinating the elaboration of 

guidelines for phytoconstituent identification as well as while 

creating large scale phytoconstituent databases for increasing 

the confidence in research done with CAMs and HM. 

This future direction should be embraced to effectively open 

future avenues in the direction of herbal medicine that will help 

integrate phytoconstituents in a safe, effective and scientific 

manner. Such endeavors will help not only to progress the 

studied field and provide evidence for the acceptance of herbal 

remedies in the global population of patients. 
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