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CURRENT ANALYTICAL APPROACHES IN 

QUALITY EVALUATION OF MEDICINAL PLANTS 
 

Abstract 

 

 Medicinal plants have been used for 

centuries as a source of natural remedies 

for various ailments. However, ensuring 

the quality and efficacy of medicinal plants 

is crucial to guarantee their safety and 

therapeutic benefits. This review highlights 

the current analytical approaches employed 

in the quality evaluation of medicinal 

plants. The quality evaluation of medicinal 

plants involves the assessment of various 

parameters, including the identification of 

plant species, the determination of 

phytochemical constituents, and the 

quantification of bioactive compounds. 

Advanced analytical techniques such as 

chromatography (HPLC, TLC), 

spectroscopy (UV-Vis, FT-IR, NMR), and 

mass spectrometry (LC-MS, GC-MS) are 

extensively used for the qualitative and 

quantitative analysis of phytochemicals. 

Moreover, fingerprinting techniques, such 

as high-performance thin-layer 

chromatography (HPTLC) and high-

performance liquid chromatography 

(HPLC), are employed to establish the 

chemical profiles of medicinal plants, 

ensuring their authenticity and consistency. 

Additionally, bioassays and 

pharmacological studies are conducted to 

assess the biological activities and 

therapeutic potential of medicinal plant 

extracts. The application of modern 

analytical techniques in quality evaluation 

allows for the detection of adulteration, 

contamination, and variability in medicinal 

plant samples. These techniques also 

facilitate the standardization of herbal 

medicines, ensuring batch-to-batch 

consistency and promoting their safe and 

effective use. In conclusion, current 

analytical approaches play a vital role in 

the quality evaluation of medicinal plants 

by providing accurate and reliable 
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information regarding their chemical 

composition, authenticity, and therapeutic 

potential. These approaches contribute to 

the standardization and regulation of herbal 

medicines, thereby ensuring their quality, 

efficacy, and safety for consumers. 
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I. INTRODUCTION 

 

 Quality control refers to a set of activities and techniques employed to ensure that 

medicinal plants and their derived products meet specific quality standards and comply with 

regulatory requirements. Quality control for medicinal plants aims to ensure the safety, 

efficacy, and consistency of these products throughout their lifecycle, from cultivation and 

harvesting to processing, manufacturing, and distribution. Quality control measures are 

implemented to identify and minimize potential risks associated with medicinal plants, such 

as the presence of contaminants (e.g., heavy metals, pesticides, microbial pathogens) or toxic 

substances. By ensuring the safety of medicinal plant products, quality control helps protect 

the health and well-being of consumers [1,2]. 

 

 Quality control aims to verify the presence and potency of bioactive compounds in 

medicinal plants. It involves assessing the levels of active constituents, such as alkaloids, 

flavonoids, or terpenoids, that contribute to the therapeutic effects of the plant [2]. By 

ensuring consistent levels of active compounds, quality control supports the efficacy and 

reliability of medicinal plant products. It includes macroscopic and microscopic examination, 

DNA barcoding, and other analytical methods, which are used to authenticate medicinal plant 

materials. These methods help confirm the correct species, verify the absence of adulterants 

or substitutes, and ensure the accurate identification of the plant material used in products 

[3,4]. 

 

 Quality control ensures that medicinal plant products are manufactured with 

consistent quality and meet predetermined specifications. This involves controlling factors 

such as cultivation practices, harvesting methods, processing techniques, and storage 

conditions to minimize variability and maintain uniformity in the composition and properties 

of the plant material. Quality control in medicinal plants ensures compliance with national 

and international regulatory standards and guidelines. This includes adherence to good 

agricultural and collection practices, good manufacturing practices (GMP), and the 

implementation of quality management systems. By meeting regulatory requirements, quality 

control helps maintain the integrity and legality of medicinal plant products [5–7]. 

 

 Quality control involves maintaining comprehensive documentation and traceability 

of medicinal plant materials throughout the supply chain. This includes recording information 

about cultivation, harvesting, processing, testing, and distribution. Traceability ensures 

transparency and enables effective monitoring, recall, and investigation of any quality issues 

that may arise. By implementing quality control measures, stakeholders in the medicinal plant 

industry, including growers, manufacturers, and regulatory authorities, can ensure that 

medicinal plant products are of consistent quality, free from contaminants, and deliver the 

intended therapeutic benefits. Quality control is vital for building trust among consumers, 

healthcare professionals, and regulatory agencies and plays a crucial role in promoting the 

safe and effective use of medicinal plants [8–11]. 

 

II. QUALITY CONTROL TECHNIQUES 

 

 Quality control techniques for medicinal plants involve a range of methods and tests 

to ensure the safety, efficacy, and consistency of plant-based products. Here are some 

common quality control techniques used in the evaluation of medicinal plants: 
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1. Pharmacognostic Evaluation: Pharmacognosy is the science of identifying and 

characterizing medicinal plants based on their macroscopic, microscopic, and 

organoleptic properties. Pharmacognostic evaluation involves a comprehensive 

examination of the plant material, including its morphological features, histological 

structures, and chemical composition. 

 

2. Macroscopic and Microscopic Examination: Visual inspection of the plant material is 

performed to assess its macroscopic characteristics such as color, odor, texture, and 

presence of foreign matter. The microscopic examination involves the study of plant 

tissue structures using a microscope, which can help identify specific plant parts and 

detect adulteration [12]. 

 

Macroscopic and microscopic examination are essential techniques used in the 

evaluation of medicinal plants. These techniques provide valuable information about the 

identity, authenticity, and quality of plant materials. Here's an overview of macroscopic 

and microscopic examination of medicinal plants: 

 

3. Macroscopic Examination: The macroscopic examination involves the visual inspection 

of the physical characteristics of medicinal plant materials. It includes observing the 

plant's external features, such as size, shape, color, texture, and the presence of any 

distinctive markings or patterns. Some key aspects of macroscopic examination include: 

 

 Size and Shape: Examining the overall size and shape of the plant, including its 

leaves, stems, flowers, and fruits. 

 Color: Noting the color of different plant parts, such as the leaves, flowers, or roots, 

which can vary and provide diagnostic information. 

 Texture: Assessing the texture of plant parts, such as the presence of hairs, ridges, or 

smooth surfaces. 

 Odor: Detecting and documenting any specific or characteristic odor emitted by the 

plant material. 

 Taste: Occasionally, the taste of plant parts may be evaluated, as some medicinal 

plants possess distinctive flavors. 

 

These macroscopic characteristics help in the initial identification of medicinal 

plants and can assist in distinguishing between different species or varieties. 

 

4. Microscopic Examination: The microscopic examination involves the study of the 

internal structures of plant materials using a microscope. This technique provides more 

detailed information about the cellular and tissue characteristics of medicinal plants. Here 

are some aspects of microscopic examination: 
 

 Epidermal Cells: Observing the outer layer of cells (epidermis) of plant parts, such 

as leaves, stems, or roots, to identify specific features like cell shape, size, and the 

presence of stomata (pores). 

 Trichomes: Examining specialized hair-like structures on the plant surface, which 

can be glandular or non-glandular and aid in identification. 
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 Vascular Tissues: Investigating the arrangement and types of vascular tissues, 

including the xylem and phloem, which transport water, nutrients, and metabolites 

within the plant. 

 Secretory Structures: Identifying glandular structures or cells that may contain 

essential oils, resins, or other secondary metabolites. 

 Powder Analysis: Preparing a fine powder of plant material and examining it under a 

microscope to assess particle characteristics, including size, shape, and presence of 

distinctive cell fragments. 

 

The microscopic examination allows for more accurate identification and 

differentiation of medicinal plant species. It can also help detect the presence of 

adulterants or substitutes by comparing microscopic features with reference standards. 

 

5. Physicochemical Analysis :Various physicochemical parameters are measured to 

evaluate the quality and consistency of medicinal plants. This includes the determination 

of moisture content, ash value (total ash, acid-insoluble ash, water-soluble ash), extractive 

values (solvent-soluble extractives), pH, and specific gravity. These tests provide 

information about the purity, contamination, and chemical composition of the plant 

material. Physicochemical analysis is an important component of the characterization and 

quality assessment of medicinal plants. It involves the evaluation of various physical and 

chemical properties of plant materials. Physicochemical analysis provides valuable 

information about the composition, purity, and potential therapeutic activity of medicinal 

plants [7,13,14]. Here are some commonly performed physicochemical analyses in the 

characterization of medicinal plants: 
 

 Moisture Content: Determining the amount of water present in the plant material is 

crucial for assessing its stability and susceptibility to microbial growth and 

degradation. 

 Ash Content: Ash content analysis involves determining the total mineral content in 

the plant material after incineration. It provides information about the inorganic 

residue and helps identify the presence of impurities or contaminants. 

 Extractive Values: Extractive values determine the amount of soluble compounds 

extracted from the plant material using specific solvents. Solvent-soluble extractives 

reflect the presence of various chemical constituents, including alkaloids, flavonoids, 

phenolic compounds, and other bioactive compounds. 

 pH: Measuring the pH of aqueous extracts or solutions prepared from medicinal 

plants can indicate their acidity or alkalinity. pH affects the stability and solubility of 

bioactive compounds and can influence the extraction and formulation processes. 

 Specific Gravity: Specific gravity determination assesses the density of the plant 

material or its extracts relative to the density of water. It provides information about 

the concentration and purity of active constituents. 

 Refractive Index: Refractive index is a measure of how light bends as it passes 

through a substance. It can help determine the purity and concentration of plant 

extracts, as well as identify any adulteration. 

 Bulk Density and Tapped Density: Bulk density and tapped density measurements 

assess the flow properties and compressibility of plant powders. These parameters are 

important for formulation development and manufacturing processes. 
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 Particle Size Analysis: Particle size distribution analysis evaluates the size range and 

distribution of particles in the plant material. It is relevant for optimizing extraction 

efficiency, determining dissolution properties, and ensuring uniformity in 

formulations. 

 Melting Point and Boiling Point: Determining the melting and boiling points of 

specific compounds isolated from medicinal plants can aid in their identification and 

characterization. 

 Solubility Profile: Evaluating the solubility of medicinal plant extracts or isolated 

compounds in different solvents provides insight into their chemical nature and helps 

determine suitable extraction or formulation strategies. 

 Loss on Drying: Loss on drying is a measurement of the weight loss that occurs 

when plant material is dried under specific conditions. It helps determine the moisture 

content and indirectly assesses the stability and potential for microbial growth or 

degradation. 

 Density: Density refers to the mass per unit volume of a substance. Determining the 

density of plant extracts or formulations provides information about their 

concentration and physical properties, which can impact dosing accuracy and 

formulation stability. 

 Optical Rotation: Optical rotation measures the rotation of plane-polarized light as it 

passes through a chiral compound, such as a specific molecule in a medicinal plant. It 

is used to determine the presence and quantify the amount of optically active 

compounds, such as enantiomers. 

 Colorimetric Analysis: Colorimetric analysis involves the measurement of 

absorbance or color intensity of a specific compound or class of compounds using 

spectrophotometry. It allows for the quantification of various constituents, such as 

phenolics, flavonoids, or specific chemical markers. 

 Elemental Analysis: Elemental analysis determines the elemental composition of 

plant materials using techniques like atomic absorption spectroscopy (AAS) or 

inductively coupled plasma spectroscopy (ICP). It helps identify and quantify 

essential and trace elements present in the plant, which can have implications for 

nutritional value or potential contaminants. 

 

III. CHROMATOGRAPHIC TECHNIQUES 

 

 Chromatographic techniques, such as thin-layer chromatography (TLC), high-

performance liquid chromatography (HPLC), or gas chromatography (GC), are commonly 

used in the analysis of medicinal plants. These techniques separate and quantify individual 

compounds or classes of compounds, providing information about their presence, purity, and 

concentration [9,15–17]. 

 

1. Thin-Layer Chromatography (TLC): TLC is a common technique used for the 

identification and qualitative analysis of chemical constituents in medicinal plants. It 

involves the separation of compounds on a thin layer of adsorbent material and 

subsequent visualization using suitable reagents or UV light. 

 

Thin-Layer Chromatography (TLC) is a chromatographic technique used to 

separate and analyze the components of a mixture based on their different affinities to a 

stationary phase and a mobile phase. It is a simple and cost-effective method commonly 
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employed in the analysis of medicinal plants, pharmaceuticals, and other organic 

compounds. TLC is particularly useful for qualitative analysis, identification, and purity 

assessment of compounds in a sample.  

 

The basic principle of TLC involves the application of a small spot or line of the 

sample mixture onto a thin layer of a stationary phase, typically a polar adsorbent 

material, such as silica gel or alumina, coated on a flat, inert support, such as a glass or 

plastic plate. The sample is applied near the bottom of the plate, and the plate is then 

placed in a developing chamber containing a suitable solvent system, which serves as the 

mobile phase. As the solvent migrates up the plate by capillary action, it carries the 

sample components with it. The different components of the mixture separate based on 

their varying affinities to the stationary phase and the mobile phase. 

  

The separation of compounds on the TLC plate is visualized by either direct 

observation or by using specific visualization techniques. Common methods include UV 

Absorption where some compounds exhibit natural or enhanced UV absorption 

properties, allowing them to be visualized under UV light. 

 

2. Staining Agents: Staining agents, such as iodine vapor or specific chemical reagents, can 

be used to reveal the presence of compounds on the TLC plate by producing colored spots 

or bands [18]. 
 

 Iodine Vapor: Iodine vapor is a widely used staining agent in TLC. It is produced by 

placing iodine crystals in a closed chamber or by using iodine crystals on filter paper 

placed inside a TLC chamber. When the TLC plate is exposed to iodine vapor, 

compounds on the plate react with iodine, resulting in the formation of visible spots or 

bands. Different compounds show varying intensities of staining, allowing for their 

visualization and identification. 

 Anisaldehyde-Sulfuric Acid: This staining agent involves a mixture of anisaldehyde 

(p-methoxybenzaldehyde) and concentrated sulfuric acid. After the separation of 

compounds on the TLC plate, the plate is sprayed with or dipped into the 

anisaldehyde-sulfuric acid reagent. The presence of certain functional groups, such as 

aldehydes and phenols, results in the formation of colored spots or bands [15]. 

 Ninhydrin: Ninhydrin is a commonly used staining agent for detecting amino acids 

and primary amines in TLC. The TLC plate is sprayed with a solution of ninhydrin, 

which reacts with amino compounds to produce purple or blue spots upon heating. 

This staining method is particularly useful for analyzing protein hydrolysates or 

samples containing amino acids. 

 Dragendorff's Reagent: Dragendorff's reagent is a solution containing bismuth 

nitrate and potassium iodide. It is commonly used for alkaloid detection in TLC. The 

TLC plate is sprayed with Dragendorff's reagent, and alkaloids present in the sample 

form orange or brown spots upon reaction with the reagent [19]. 

 Vanillin-Sulfuric Acid: This staining agent involves the use of a mixture of vanillin 

and concentrated sulfuric acid. The TLC plate is sprayed with the vanillin-sulfuric 

acid reagent, and compounds containing phenolic groups produce colored spots upon 

heating. This staining method is often used for the detection of phenolic compounds 

in plant extracts. 

 Fluorescent Indicators: Specific fluorescent indicators can be incorporated into the 

stationary phase, allowing for the visualization of compounds under UV light. 
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After separation, the Rf (retention factor) value of each separated compound is 

calculated by dividing the distance traveled by the compound by the distance traveled 

by the solvent front. The Rf value serves as a characteristic parameter that helps in the 

identification and comparison of compounds [11]. 

  

TLC offers several advantages in the analysis of medicinal plants. It is relatively 

quick, requires minimal sample preparation, and allows for the simultaneous analysis of 

multiple samples. TLC is also useful for monitoring the progress of reactions, assessing 

the purity of isolated compounds, and detecting the presence of impurities or adulterants. 

However, it should be noted that TLC is a qualitative technique and may not provide 

accurate quantitative information [15]. 

 

3. High-Performance Liquid Chromatography (HPLC): HPLC is a more advanced 

technique that allows for the quantitative analysis of specific compounds in medicinal 

plants. It enables the identification and quantification of active constituents, such as 

alkaloids, flavonoids, phenolic compounds, and other bioactive compounds. HPLC is 

used to separate, identify, and quantify components in a mixture. It is widely employed in 

various fields, including pharmaceutical analysis, environmental analysis, food analysis, 

and forensic science. HPLC offers high resolution, sensitivity, and versatility, making it a 

preferred choice for complex sample analysis. In HPLC, a liquid mobile phase is passed 

through a column packed with a stationary phase, which consists of porous particles with 

specific chemical and physical properties. The sample mixture is injected into the HPLC 

system, and different components in the mixture interact differently with the stationary 

phase based on their physicochemical characteristics such as size, polarity, and charge 

[20–22]. 

 

There are different modes of HPLC, including: 
 

 Reverse-Phase Chromatography: The stationary phase is nonpolar, and the mobile 

phase is a polar solvent. Nonpolar compounds in the sample have stronger 

interactions with the stationary phase and elute later, while polar compounds elute 

earlier. 

 Normal-Phase Chromatography: The stationary phase is polar, and the mobile 

phase is a nonpolar solvent. Polar compounds in the sample have stronger interactions 

with the stationary phase and elute later, while nonpolar compounds elute earlier. 

 Ion-Exchange Chromatography: The stationary phase contains charged functional 

groups that interact with charged analytes in the sample. Analytes with opposite 

charges are retained, while those with similar charges elute earlier. 

 Size-Exclusion Chromatography: The stationary phase contains porous particles 

that allow separation based on molecular size. Larger molecules are excluded from 

the pores and elute earlier, while smaller molecules penetrate the pores and elute later. 

 

During the separation process, the components in the sample are detected by a 

detector, such as a UV/Vis detector or a mass spectrometer. The detector generates a 

signal that is recorded as a chromatogram, which represents the intensity of the analyte as 

a function of time. 

 

HPLC is known for its high sensitivity, as it can detect and quantify components 

in a sample at very low concentrations. It also allows for accurate quantification through 
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the use of calibration curves constructed with standard solutions of known concentrations. 

HPLC methods can be validated to ensure accuracy, precision, selectivity, and robustness. 

 

The advantages of HPLC include its versatility for analyzing a wide range of 

compounds, its ability to handle complex mixtures, and its high reproducibility. It is 

widely used for the analysis of pharmaceuticals, natural products, food and beverages, 

environmental samples, and various other applications requiring separation and 

quantification of components in a mixture. 

Furthermore, several other techniques have been extensively used for the characterization 

of phytochemicals from plants. These techniques are followed as  

 

4. Heavy Metal Analysis:Medicinal plants are often tested for the presence of heavy 

metals, which can pose health risks if present above permissible limits. Techniques such 

as atomic absorption spectroscopy (AAS) or inductively coupled plasma mass 

spectrometry (ICP-MS) are commonly employed for heavy metal analysis [23,24]. 

 

5. Infrared Spectroscopy (IR): Infrared spectroscopy involves the measurement of the 

absorption, reflection, or transmission of infrared radiation by molecules. It provides 

information about the functional groups present in medicinal plant compounds. Different 

regions of the infrared spectrum correspond to specific vibrational frequencies of 

chemical bonds, allowing for the identification of characteristic functional groups such as 

carbonyl, hydroxyl, or amino groups. IR spectroscopy is valuable for the structural 

elucidation and identification of compounds in medicinal plants [25]. 

 

6. Nuclear Magnetic Resonance (NMR):NMR spectroscopy is a powerful technique used 

to study the structure and dynamics of molecules. It relies on the interaction of atomic 

nuclei with a strong magnetic field and radiofrequency pulses. By measuring the chemical 

shifts and coupling patterns of nuclei, NMR provides information about the connectivity, 

stereochemistry, and conformation of compounds. Proton NMR (^1H-NMR) is 

commonly used to analyze medicinal plants and can identify specific compounds or 

chemical markers. Carbon-13 NMR (^13C-NMR) provides further structural information 

about the carbon atoms in a molecule [26], [27]. 

 

7. Mass Spectrometry (MS):Mass spectrometry is a technique that ionizes molecules and 

measures their mass-to-charge ratio. It helps determine the molecular weight, 

fragmentation pattern, and elemental composition of compounds in medicinal plants. 

Mass spectrometry can be coupled with various ionization techniques, such as 

electrospray ionization (ESI) or matrix-assisted laser desorption/ionization (MALDI), to 

generate ions that are detected and analyzed. MS analysis can identify known compounds 

based on their mass spectra and can also aid in the discovery of new or unknown 

compounds. These spectroscopic techniques provide complementary information for the 

structural elucidation and identification of compounds in medicinal plants. They enable 

researchers to determine the chemical composition, functional groups, connectivity, and 

stereochemistry of the compounds present. By comparing the spectral data obtained from 

these techniques with reference standards or spectral databases, specific compounds can 

be identified or confirmed in medicinal plant extracts or isolated fractions [2]. 

 

Furthermore, spectroscopic techniques can assist in the quality control and 

standardization of medicinal plants by quantifying the concentrations of active 
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compounds and detecting the presence of any impurities or contaminants. They are 

indispensable tools in the analysis of complex mixtures and contribute to the 

understanding of the chemical constituents responsible for the therapeutic properties of 

medicinal plants. 

 

There are several other approaches also that play a significant role in the quality 

evaluation of medicinal plants [28,29]. The approaches are described as  

 

 Microbiological Analysis: Microbial contamination is a concern for medicinal plant 

products. Microbiological analysis involves testing for the presence of 

microorganisms such as bacteria, fungi, and yeast, which can cause spoilage or 

contamination. Techniques like microbial culture, colony counting, and identification 

methods are used for microbiological evaluation. 

 Pesticide Residue Analysis: Medicinal plants may be tested for pesticide residues to 

ensure compliance with safety standards. Analytical techniques like gas 

chromatography (GC) or liquid chromatography (LC) coupled with mass 

spectrometry (MS) are commonly employed for pesticide residue analysis [30]. 

 Stability Testing: Stability studies are conducted to assess the shelf life and storage 

conditions of medicinal plant products. These studies involve subjecting the products 

to various environmental conditions (temperature, humidity, light) over a specified 

period to evaluate changes in quality, potency, and degradation [31]. 

 DNA Barcoding: DNA barcoding is a molecular technique used to identify and 

authenticate medicinal plants. It involves sequencing specific regions of the plant's 

DNA and comparing them with a reference database to confirm the plant's identity 

and detect any potential adulteration or substitution [32]. 

 Bioassays: Bioassays are biological tests conducted to evaluate the biological activity 

and potency of medicinal plants. These tests can involve assessing antimicrobial 

activity, antioxidant activity, anti-inflammatory properties, or other specific 

therapeutic effects. Bioassays help determine the quality and efficacy of medicinal 

plant extracts or preparations [15]. 

 Residual Solvent Analysis: Medicinal plant extracts are often prepared using 

solvents. Residual solvent analysis involves testing for the presence of residual 

solvents in the final product. Gas chromatography (GC) or other analytical techniques 

are used to ensure that the levels of residual solvents are within acceptable limits, as 

per regulatory guidelines [1]. 

 Foreign Matter Analysis: Medicinal plant materials should be free from any 

extraneous matter or contaminants. Foreign matter analysis involves the visual 

inspection and microscopic examination of the plant material to detect the presence of 

any foreign particles, such as soil, insects, or other plant parts. 

 Allergen Testing: Some medicinal plants may contain allergenic compounds that can 

trigger allergic reactions in sensitive individuals. Allergen testing involves screening 

for specific allergens associated with the plant material, ensuring that the product is 

safe for consumption or use by individuals with known allergies. 

 

These quality control techniques collectively help ensure the safety, efficacy, and 

consistency of medicinal plants and their products. By employing these methods, 

manufacturers and regulatory authorities can uphold quality standards, protect consumer 

health, and support the reliable use of medicinal plants in healthcare. 
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IV. CONCLUSION  

 

 In conclusion, the current analytical approaches to quality evaluation of medicinal 

plants have significantly advanced our understanding and assessment of their therapeutic 

potential. These approaches combine traditional knowledge with modern scientific techniques 

to ensure the safety, efficacy, and consistency of medicinal plant products. 

 

Analytical methods such as chromatography and spectrophotometry are extensively 

utilized to identify and quantify bioactive compounds, contaminants, and adulterants in 

medicinal plants. These techniques enable the detection of active constituents and ensure 

compliance with regulatory standards, providing reliable and reproducible results. 

 

Overall, the current analytical approaches in the quality evaluation of medicinal plants 

contribute to the development of standardized protocols, quality control measures, and 

evidence-based guidelines for the utilization of these natural resources in healthcare. 

Continued research and innovation in this field will further enhance our understanding of 

medicinal plants, their bioactive components, and their therapeutic potential, ultimately 

benefiting both traditional medicine practitioners and modern healthcare systems. 
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