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1. INTRODUCTION 

Phytochemistry, the scientific study of plant chemicals, 

plays a vital role in discovering new pharmaceuticals and 

nutraceuticals.
[1,2]

 The increasing demand for herbal and 

natural products has led to a growing need for scientific 

validation of their therapeutic claims.
[3]

 Phytochemical 

profiling, therefore, bridges traditional medicine and 

modern pharmacology by providing insights into the 

nature and concentration of active constituents.
[4]

 The 

resurgence of interest in plant-based medicine has 

revived ethnobotanical knowledge and sparked global 

research to discover new lead molecules for drug 

development.
[5]

 Aimed at finding new lead molecules for 

drug development. 

 

Crude drugs derived from medicinal plants have played a 

central role in traditional medicine systems and modern 

pharmacotherapy. The therapeutic efficacy of these plant 

materials is primarily due to the presence of various 

phytochemicals, such as alkaloids, flavonoids, phenols, 

terpenoids, glycosides, and tannins. Phytochemical 

profiling not only aids in discovering novel bioactive 

compounds but also ensures the standardization and 

quality control of herbal formulations.
[1] 

 

Plant materials' chemical complexity and variability pose 

challenges in ensuring consistent therapeutic efficacy. 

Hence, the development and application of robust 

analytical tools have become imperative. Analytical 

techniques help detect adulteration, monitor stability, and 

validate traditional uses of medicinal plants. With 

growing global acceptance of herbal medicine, 

regulatory authorities now emphasize stringent quality 

control measures based on validated analytical protocols. 

 

2. Preliminary Phytochemical Screening 

Initial screening of crude extracts involves qualitative 

tests that detect the presence of different classes of 

phytochemicals. These tests serve as the foundation for 

selecting suitable extraction and analytical techniques. 

 Alkaloids: Dragendorff’s, Mayer’s, and Wagner’s 

tests 

 Flavonoids: Shinoda and lead acetate tests 

 Tannins and Phenols: Ferric chloride and gelatin 

tests 

 Saponins: Frothing and foam tests 

 Glycosides: Legal’s and Keller-Killiani tests 
 

In addition to qualitative tests, semi-quantitative and 

colorimetric assays have been developed to estimate total 

phenolic content (TPC), total flavonoid content (TFC), 

and total tannin content (TTC), providing a rough 

estimate of phytoconstituent concentration. The Folin-

Ciocalteu reagent is widely used for TPC, while 

aluminium chloride complexation methods are employed 

for TFC estimation. Such tests are relatively simple, 

inexpensive, and can be adapted to microplate formats 

for higher throughput. 
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Microscopic evaluation of powdered crude drugs is also 

integral to preliminary screening. This includes the 

detection of trichomes, calcium oxalate crystals, starch 

grains, and other cellular components that aid in the 

authentication of plant materials. These pharmacognostic 

parameters are often documented in official 

pharmacopeias and provide valuable taxonomic clues. 

 

Although these tests provide a quick overview, they lack 

specificity and are mainly used as preliminary tools.
[2] 

 

3. Chromatographic Techniques 

Chromatography is a powerful tool for separating 

complex mixtures. It allows for qualitative and 

quantitative analysis of phytoconstituents with high 

precision. It is one of the most widely used analytical 

techniques in pharmacognosy and natural product 

chemistry. Phytochemical research facilitates the 

detection of marker compounds, differentiation of 

species, authentication of raw materials, and monitoring 

of degradation or adulteration during processing and 

storage.
[16]

 

 

3.1 Thin Layer Chromatography (TLC) 
TLC is a simple, rapid method for detecting 

phytochemicals and provides valuable fingerprinting 

data. It is cost-effective and widely used for herbal 

authentication. Visualization is enhanced using UV light 

or post-chromatographic derivatization.
[3]

 TLC plates are 

typically coated with silica gel, alumina, or cellulose, and 

different solvent systems are optimized to achieve 

maximum resolution of phytoconstituents. 

 

3.2 High-Performance Thin Layer Chromatography 

(HPTLC) 
HPTLC offers improved resolution and quantification 

compared to TLC. It is employed for routine quality 

control, stability testing, and fingerprint analysis of crude 

drugs.
[4]

 It allows simultaneous analysis of multiple 

samples, reducing solvent usage and analysis time. 

HPTLC is often coupled with densitometric scanning, 

and results can be digitized to create reproducible 

fingerprint profiles for herbal standardization.
[17]

 

 

3.3 High-Performance Liquid Chromatography 

(HPLC) 
HPLC is a widely used technique for analyzing 

thermolabile and non-volatile phytoconstituents. It offers 

excellent sensitivity and reproducibility and is amenable 

to qualitative and quantitative analysis.
[5]

 It is 

instrumental in pharmacokinetic studies and the 

standardization of herbal formulations. Commonly used 

detectors include UV-Vis, diode array (DAD), refractive 

index (RI), and fluorescence detectors. Reverse-phase 

HPLC (RP-HPLC) is the most common mode employed 

in phytochemical research due to its versatility and high 

resolution. 

 

 

 

3.4 Gas Chromatography (GC) 
GC is best suited for volatile constituents, including 

essential oils, lipids, and aroma compounds. When 

coupled with MS, it accurately identifies compounds in 

essential oils and plant resins.
[6]

 Depending on the 

analyte properties, the flame ionization detector (FID) 

and the electron capture detector (ECD) are often used. 

GC requires derivatization for thermolabile or non-

volatile compounds, often using silylation, acylation, or 

methylation techniques. 

 

3.5 Column Chromatography 
Column chromatography is a traditional technique to 

fractionate and isolate individual compounds based on 

their polarity. It serves as a preparative step before 

structural elucidation.
[7]

 The choice of stationary phase 

(e.g., silica gel, alumina) and mobile phase (e.g., hexane, 

ethyl acetate, methanol) can be optimized to achieve 

effective separation. Flash and medium-pressure liquid 

chromatography (MPLC) are modern adaptations that 

improve resolution and throughput. 

 

4. Analytical and Spectroscopic Techniques 

Analytical techniques are critical for the qualitative and 

quantitative analysis of phytochemicals present in crude 

drugs. They enable the characterization of complex 

mixtures and the identification of lead compounds for 

pharmacological investigation. These methods ensure 

batch-to-batch consistency and support stability studies, 

standardization, and regulatory submissions.
[18]

 Recent 

years have witnessed advancements in miniaturized, 

high-throughput, and eco-friendly analytical platforms 

that align with green analytical chemistry principles.
[19]

 

Furthermore, integrating chemometrics with 

spectroscopic data enhances interpretation and aids in 

classifying and retrieving herbal materials.
[20]

 

Spectroscopic methods are essential for structural 

elucidation, functional group analysis, and quantitative 

determination of phytoconstituents. 

 

4.1 UV-Visible Spectroscopy 
UV-Visible spectroscopy is one of the most commonly 

employed techniques in phytochemical analysis due to its 

simplicity, sensitivity, and applicability in routine 

screening. It determines plant extracts' total polyphenols, 

flavonoids, carotenoids, and chlorophylls. The Beer-

Lambert law is fundamental to quantification using 

absorbance values at specific wavelengths.
[21]

 UV-Vis 

spectroscopy is commonly employed to quantify 

phenolics and flavonoids using colorimetric assays. It 

also helps determine λ-max values for compound 

identification.
[8] 

 

4.2 Fourier Transform Infrared (FTIR) Spectroscopy 
FTIR identifies characteristic functional groups in 

compounds and is used to create chemical fingerprints of 

plant extracts.
[9]

 It is a non-destructive, rapid, and 

reproducible technique. 
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4.3 Nuclear Magnetic Resonance (NMR) 

Spectroscopy 
NMR provides in-depth information on the molecular 

framework, including stereochemistry and molecular 

conformation. It is often used with MS for novel 

compound identification.
[10]

 

 

4.4 Mass Spectrometry (MS) 
MS is a core technique for determining molecular 

weights and fragmentation patterns of phytochemicals. 

Tandem MS (MS/MS) enhances structural elucidation 

and compound confirmation.
[11] 

 

5. Hyphenated Techniques 

Hyphenated techniques integrate chromatographic 

separation with spectroscopic detection, providing more 

detailed and reliable data on complex phytochemical 

mixtures. They have revolutionized natural product 

chemistry by enhancing resolution, sensitivity, and 

throughput in phytochemical investigations. These 

systems are indispensable for structural elucidation, 

quality control, and pharmacokinetic studies of herbal 

drugs. Advances in data processing and automation have 

made these systems increasingly user-friendly and 

adaptable in pharmaceutical and nutraceutical research 

environments.
[22,23]

 Hyphenated techniques combine 

separation and detection methods to enhance the 

resolution, sensitivity, and identification capabilities. 

 

5.1 GC-MS (Gas Chromatography-Mass 

Spectrometry) 
GC-MS is widely used in essential oil analysis and the 

detection of pesticide residues. It provides robust 

qualitative and quantitative data for volatile 

phytochemicals.
[12]

 

 

5.2 LC-MS/MS (Liquid Chromatography-Tandem 

Mass Spectrometry) 
LC-MS/MS allows for targeted quantification of plant 

metabolites and is essential for metabolomic studies. It is 

helpful in biomarker discovery and pharmacokinetic 

profiling.
[13]

 

 

5.3 HPLC-DAD (Diode Array Detection) 
HPLC-DAD facilitates compound identification by 

comparing UV absorption spectra. It is used extensively 

in fingerprint analysis and quality assessment of herbal 

drugs.
[14]

 

 

5.4 HR-LCMS (High-Resolution LC-MS) 
HR-LCMS offers high mass accuracy and is valuable for 

discovering unknown compounds in complex mixtures. 

It enhances confidence in compound identification.
[15]

 

High-resolution capabilities enable the detection of 

isobaric compounds and provide molecular formula 

predictions. Orbitrap and time-of-flight (TOF) detectors 

are commonly used in HRMS platforms. These 

techniques support dereplication processes and are 

critical in chemotaxonomic studies.
[24, 25]

 

 

6. Emerging and Complementary Techniques 

Recent developments have introduced advanced 

analytical tools that further expand the capabilities of 

phytochemical analysis. 

 X-ray Diffraction (XRD): Assesses the crystalline 

nature and purity of isolated compounds. 

 Scanning Electron Microscopy (SEM): Examines 

morphological characteristics of powdered drugs. 

 Differential Scanning Calorimetry (DSC): 
Determines thermal transitions, purity, and 

compatibility of plant-based formulations. 

 Capillary Electrophoresis (CE): High-resolution 

separation based on charge and size of analytes, 

applicable for alkaloid and amino acid profiling. 

 Near Infrared (NIR) Spectroscopy: Non-

destructive technique for rapid industrial quality 

control and process monitoring. 

 

7. CONCLUSION 

Phytochemical profiling is indispensable in herbal drug 

research and development. Integrating chromatographic, 

spectroscopic, and hyphenated techniques ensures 

comprehensive analysis, quality control, and authenticity 

of crude drugs. As the global demand for natural 

therapeutics rises, analytical methods must evolve to 

meet the needs of accuracy, speed, and regulatory 

compliance. Future advancements will likely focus on 

automation, miniaturization, and integration of AI in data 

analysis to support evidence-based herbal medicine. 
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