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ABSTRACT 
Herbal medicines have gained widespread 

acceptance worldwide because of their therapeutic 

efficacy, natural origin, and comparatively fewer 

adverse effects. However, ensuring their quality, 

safety, and batch-to-batch consistency remains a 

major challenge due to the complex nature of herbal 

formulations. Marker-based standardization has 

emerged as an effective approach for evaluating the 

quality of herbal products, with phenolic compounds 

such as gallic acid and tannic acid being widely used 

as important chemical markers. This review discusses 

the significance of these marker compounds and 

summarizes the analytical techniques employed for 

their estimation, including UV spectrophotometry, 

HPLC, HPTLC, UPLC, and LC–MS/MS. Particular 

emphasis is placed on UV spectrophotometric 

method development, analytical method validation 

according to ICH Q2(R2) guidelines, and its 

applications in the analysis of herbal extracts, tablets, 

capsules, syrups, gels, and nanoformulations. Owing 

to its simplicity, rapidity, accuracy, and cost-

effectiveness, UV spectrophotometry continues to be 

a valuable analytical tool for routine quality control 

and standardization of herbal medicines. 

 

Keywords: Herbal medicines, Gallic acid, Tannic 

acid, UV spectrophotometry, Method validation, 
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I. INTRODUCTION 
1.1 Herbal Medicines 

Herbal medicines have been used for 

centuries as an integral part of traditional healthcare 

systems and continue to play an important role in 

modern medicine. They are prepared from different 

parts of medicinal plants, including leaves, roots, 

bark, flowers, fruits, and seeds, and contain numerous 

bioactive phytochemicals responsible for their 

therapeutic properties.[1] In recent years, there has 

been a substantial increase in the global use of herbal 

medicines owing to their natural origin, affordability, 

cultural acceptance, and relatively fewer adverse 

effects compared with synthetic drugs. Herbal 

products are widely utilized for the prevention and 

treatment of various diseases such as infections, 

inflammatory disorders, diabetes, cardiovascular 

diseases, and cancer. However, variations in plant 

species, geographical origin, cultivation conditions, 

harvesting time, and extraction methods can 

significantly influence the chemical composition of 

herbal medicines. Therefore, maintaining their 

quality, safety, and therapeutic efficacy has become 

a major concern for researchers, manufacturers, and 

regulatory authorities. [2] 

 

1.2 Importance of Quality Control 

Quality control is a critical component of 

herbal drug development because it ensures that 

herbal products consistently meet established 

standards of identity, purity, potency, and safety. 

Unlike synthetic medicines, herbal formulations are 

chemically complex and may exhibit considerable 

variation in their phytochemical composition. [3]  

Such variability can affect therapeutic efficacy and 

increase the risk of contamination, adulteration, or 

substitution with inferior plant materials. 

Consequently, comprehensive quality evaluation 

involving botanical authentication, physicochemical 

testing, phytochemical analysis, and quantitative 

estimation of bioactive constituents is essential. 

Effective quality control not only improves product 

consistency and consumer confidence but also 

supports regulatory approval and international 

acceptance of herbal medicines. [4] 
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1.3 Need for Marker-Based Standardization 

One of the most reliable strategies for 

ensuring the consistency of herbal products is 

marker-based standardization. This approach 

involves the identification and quantitative 

estimation of specific phytochemicals that serve as 

markers of quality and authenticity. Marker 

compounds may be pharmacologically active 

constituents or chemically characteristic molecules 

that reflect the overall quality of a herbal preparation. 

[5] Among various phytochemicals, phenolic 

compounds such as gallic acid and tannic acid are 

widely employed as marker compounds because of 

their abundance in medicinal plants and their diverse 

biological activities. Quantification of these markers 

provides valuable information regarding the quality, 

purity, and batch-to-batch consistency of herbal 

extracts and formulations. [6] 

 

1.4 Role of UV Spectrophotometry 

UV spectrophotometry is one of the most 

widely used analytical techniques for the quantitative 

estimation of marker compounds in herbal products. 

The technique is based on the absorption of 

ultraviolet radiation by molecules containing 

chromophoric groups, enabling accurate 

determination of analyte concentration according to 

Beer–Lambert's law. [7] Owing to its simplicity, rapid 

analysis, cost-effectiveness, and minimal sample 

preparation, UV spectrophotometry has become a 

preferred analytical tool for routine quality control 

laboratories. Furthermore, analytical approaches 

such as simultaneous equation, absorbance ratio, and 

derivative spectrophotometric methods allow the 

simultaneous estimation of multiple compounds in 

complex herbal matrices. Therefore, UV 

spectrophotometry plays a significant role in the 

standardization and quality assessment of herbal 

medicines. [8] 

 
Figure 1: UV spectrophotometry 

 

II. PHENOLIC MARKER COMPOUNDS 
2.1 Gallic Acid 

2.1.1 Chemistry 

Gallic acid (3,4,5-trihydroxybenzoic acid) is 

a naturally occurring phenolic acid belonging to the 

hydroxybenzoic acid family. It possesses the 

molecular formula C₇H₆O₅ and a molecular weight of 

170.12 g/mol. Structurally, the molecule contains 

three hydroxyl groups and one carboxylic acid group 

attached to a benzene ring, which contribute to its 

remarkable antioxidant and reducing properties. 

Gallic acid generally appears as a white to pale-

yellow crystalline powder and exhibits good 

solubility in polar solvents such as methanol and 

ethanol. Due to its well-defined chemical 

characteristics and UV absorption profile, it is 

extensively used as a reference standard during 

analytical method development and validation. [9] 

 
Figure 2: structure of gallic acid 

 

2.1.2 Sources 

Gallic acid occurs naturally in numerous 

medicinal plants, fruits, vegetables, tea leaves, 

grapes, pomegranate, amla, oak bark, gallnuts, and 

several polyherbal formulations. It may exist either in 

its free form or as a constituent of hydrolysable 

tannins. The concentration of gallic acid varies 

depending on plant species, geographical location, 

environmental conditions, harvesting period, and 
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extraction techniques. Consequently, it has become 

one of the most important chemical markers used for 

the standardization of herbal products. [10] 

 

2.1.3 Pharmacological Activities 

Extensive pharmacological investigations 

have demonstrated that gallic acid possesses 

significant antioxidant, anti-inflammatory, 

antimicrobial, antiviral, anticancer, hepatoprotective, 

cardioprotective, neuroprotective, antidiabetic, and 

gastroprotective activities. Its potent free radical 

scavenging ability protects biological systems 

against oxidative stress and contributes to the 

prevention of various chronic diseases. Owing to 

these diverse therapeutic properties, gallic acid is 

widely recognized as an important bioactive marker 

compound in herbal medicine research. [11] 

 

2.2 Tannic Acid 

2.2.1 Chemistry 

Tannic acid is a naturally occurring 

hydrolysable tannin consisting of multiple gallic acid 

molecules esterified with a central glucose unit. It has 

an approximate molecular formula of C₇₆H₅₂O₄₆ and 

a molecular weight of about 1701.2 g/mol. The 

compound appears as a light yellow to brown 

amorphous powder and is readily soluble in water 

and alcohols. The presence of numerous phenolic 

hydroxyl groups imparts strong antioxidant activity, 

metal-chelating ability, and protein-binding 

properties, making tannic acid an important 

phytochemical marker for analytical and quality 

control studies. [12] 

 
Figure 3: structure of tannic acid 

 

2.2.2 Sources 

Tannic acid is widely distributed in 

medicinal plants and plant-derived materials such as 

oak galls, chestnut wood, tara pods, tea leaves, 

grapes, pomegranate rind, sumac, and several 

medicinal barks and fruits. Its concentration is 

influenced by plant species, environmental 

conditions, harvesting stage, storage conditions, and 

extraction procedures. Therefore, quantitative 

determination of tannic acid is essential for ensuring 

the quality and consistency of herbal formulations. [13] 

 

 

 

2.2.3 Pharmacological Activities 

Tannic acid exhibits numerous 

pharmacological activities, including antioxidant, 

antimicrobial, antiviral, anti-inflammatory, wound-

healing, antidiarrheal, gastroprotective, and 

anticancer effects. Its characteristic astringent 

property results from its ability to bind and 

precipitate proteins, making it useful in the treatment 

of diarrhea, burns, wounds, and inflammatory 

disorders. Because of its broad therapeutic potential 

and widespread occurrence in medicinal plants, 

tannic acid is extensively employed as a marker 

compound for the quality evaluation and 

standardization of herbal medicines. [14] 
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Table 1. Comparison of Gallic Acid and Tannic Acid 

Parameter Gallic Acid Tannic Acid 

Chemical Class Phenolic acid Hydrolysable tannin 

Molecular Formula C₇H₆O₅ C₇₆H₅₂O₄₆ 

Molecular Weight (g/mol) 170.12 1701.20 

Appearance White to pale yellow crystals Light yellow to brown powder 

Solubility Water, methanol, ethanol Water, methanol, ethanol 

Major Sources Tea, amla, grapes, gallnuts Oak galls, tea, pomegranate, chestnut 

Major Activities Antioxidant, anti-inflammatory Antioxidant, antimicrobial, astringent 

 

III. STANDARDIZATION OF HERBAL 

DRUGS 
3.1 WHO Guidelines 

The World Health Organization has 

developed comprehensive guidelines for the quality 

assurance of herbal medicines. These guidelines 

emphasize proper botanical identification, 

authentication of medicinal plants, implementation of 

Good Agricultural and Collection Practices (GACP), 

standardized manufacturing procedures, and 

evaluation of safety, efficacy, and quality. The WHO 

also recommends physicochemical evaluation, 

phytochemical profiling, microbial limit testing, and 

assessment of contaminants such as heavy metals, 

pesticides, and aflatoxins to ensure the consistency 

and safety of herbal products. [15] 

 

3.2 ICH Guidelines 

The International Council for 

Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use provides 

internationally accepted guidelines for analytical 

method development and validation. According to 

ICH Q2(R2), analytical methods should be validated 

for parameters including specificity, linearity, 

accuracy, precision, detection limit, quantification 

limit, robustness, and range. Compliance with these 

guidelines ensures that analytical procedures produce 

accurate, reliable, reproducible, and scientifically 

acceptable results suitable for routine quality control 

of herbal medicines. [16] 

 

3.3 Marker Compound Approach 

The marker compound approach is one of 

the most effective strategies for the standardization of 

herbal medicines. This method involves the 

identification and quantitative estimation of selected 

phytochemicals that represent the quality and 

consistency of herbal formulations. Marker 

compounds may possess pharmacological activity or 

may simply serve as characteristic chemical 

constituents of medicinal plants. Gallic acid and 

tannic acid are frequently selected as phenolic marker 

compounds because of their widespread occurrence, 

therapeutic significance, and suitability for 

quantitative analysis. Estimation of these markers 

helps ensure batch-to-batch consistency, detect 

adulteration, authenticate herbal raw materials, and 

improve product quality. [17] 

 

3.4 Regulatory Requirements 

Regulatory authorities worldwide require 

scientific evidence demonstrating the quality, safety, 

and efficacy of herbal medicines before market 

authorization. Compliance with regulatory 

requirements involves the adoption of validated 

analytical methods, standardized manufacturing 

processes, comprehensive quality assurance systems, 

and appropriate documentation. Marker-based 

standardization supported by validated analytical 

techniques such as UV spectrophotometry plays a 

crucial role in meeting regulatory expectations and 

ensuring the production of safe, effective, and high-

quality herbal products suitable for commercial and 

therapeutic use. [18] 

 

IV. ANALYTICAL TECHNIQUES USED 

FOR ESTIMATION 
4.1 UV Spectrophotometry 

UV spectrophotometry is one of the most 

commonly employed analytical techniques for the 

quantitative estimation of phytoconstituents in herbal 

formulations. The method is based on the absorption 

of ultraviolet radiation by compounds containing 

chromophoric groups, and the absorbance is directly 

proportional to concentration according to Beer–

Lambert's law. [19] Due to its simplicity, rapid 

analysis, low operational cost, and minimal sample 

preparation, UV spectrophotometry has become an 

attractive analytical tool for routine quality control of 

herbal products. It is particularly useful for the 

simultaneous estimation of multiple marker 
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compounds using approaches such as simultaneous 

equation, absorbance ratio, and derivative 

spectrophotometric methods. Although the technique 

offers moderate sensitivity and selectivity compared 

with chromatographic methods, it provides 

satisfactory accuracy and precision for routine 

pharmaceutical and herbal analysis. [20] 

 

4.2 High-Performance Liquid Chromatography 

(HPLC) 

High-Performance Liquid Chromatography 

(HPLC) is regarded as one of the most reliable and 

widely accepted analytical techniques for the 

qualitative and quantitative estimation of 

phytochemicals in herbal medicines. The technique 

separates analytes based on their interaction with the 

stationary phase and mobile phase under high 

pressure, resulting in excellent resolution and 

reproducibility. HPLC is capable of simultaneously 

determining multiple bioactive compounds in 

complex herbal matrices with high sensitivity and 

specificity. It is extensively used for herbal drug 

standardization, impurity profiling, stability studies, 

pharmacokinetic analysis, and quality control. 

Despite its superior analytical performance, HPLC 

requires sophisticated instrumentation, expensive 

solvents, skilled operators, and longer analysis times, 

which may limit its application in routine laboratories 

with limited resources. [21] 

 

4.3 High-Performance Thin-Layer 

Chromatography (HPTLC) 

High-Performance Thin-Layer 

Chromatography (HPTLC) is an advanced 

chromatographic technique widely employed for 

fingerprint profiling and quantitative analysis of 

herbal medicines. It involves the separation of 

compounds on precoated silica gel plates followed by 

densitometric scanning for quantitative evaluation. 

HPTLC enables simultaneous analysis of multiple 

samples with relatively low solvent consumption and 

shorter analysis time compared with conventional 

chromatographic methods. The technique is 

particularly valuable for authentication of medicinal 

plants, detection of adulterants, identification of 

marker compounds, and evaluation of batch-to-batch 

consistency. Furthermore, HPTLC provides visual 

chromatographic fingerprints that facilitate 

comparison among herbal samples. However, its 

quantitative precision is generally lower than that of 

HPLC for trace-level analysis. [22] 

 

4.4 Liquid Chromatography–Tandem Mass 

Spectrometry (LC–MS/MS) 

Liquid Chromatography–Tandem Mass 

Spectrometry (LC–MS/MS) combines the high 

separation efficiency of liquid chromatography with 

the exceptional sensitivity and selectivity of mass 

spectrometry. This hyphenated analytical technique 

enables simultaneous separation, identification, 

structural characterization, and quantification of 

numerous phytochemicals, even at trace 

concentrations. LC–MS/MS is extensively employed 

in metabolomic studies, pharmacokinetic 

investigations, impurity analysis, biomarker 

identification, and quality assessment of herbal 

formulations. The technique provides highly accurate 

molecular weight information and structural 

fragmentation patterns, allowing reliable 

identification of complex phytoconstituents. 

Although LC–MS/MS offers outstanding analytical 

performance, its high instrumentation cost, 

sophisticated maintenance requirements, and need 

for specialized technical expertise restrict its routine 

application in many quality control laboratories. [23] 

 

4.5 Ultra-Performance Liquid Chromatography 

(UPLC) 

Ultra-Performance Liquid Chromatography 

(UPLC) is an advanced chromatographic technique 

developed to overcome the limitations of 

conventional HPLC. It employs columns packed with 

sub-2 μm particles and operates at significantly 

higher pressures, resulting in faster analysis, 

improved resolution, greater sensitivity, and 

enhanced chromatographic efficiency. UPLC is 

particularly advantageous for the rapid separation 

and quantification of complex mixtures containing 

multiple phytoconstituents. The technique reduces 

solvent consumption and analysis time while 

maintaining excellent reproducibility and analytical 

accuracy. Owing to these advantages, UPLC has 

become an important tool for herbal drug 

standardization, stability testing, impurity profiling, 

and pharmaceutical quality control. However, the 

requirement for expensive instrumentation and 

specialized maintenance increases the overall 

operational cost. [24] 
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Table 2. Comparison of Major Analytical Techniques Used for Estimation of Phenolic Marker 

Compounds 

Technique Principle Advantages Limitations Major Applications 

UV 

Spectrophotometry 

Measurement of UV 

absorbance 

Simple, rapid, 

economical 
Lower selectivity 

Routine quality 

control 

HPLC 

Separation using 

stationary and mobile 

phases 

High accuracy and 

sensitivity 

Expensive 

instrumentation 

Quantitative analysis, 

impurity profiling 

HPTLC 

Chromatographic 

separation on silica 

plates 

Simultaneous 

analysis of multiple 

samples 

Moderate sensitivity 
Fingerprinting and 

herbal authentication 

UPLC 

High-pressure 

chromatographic 

separation 

Faster analysis and 

better resolution 
High equipment cost 

Herbal 

standardization and 

stability studies 

LC–MS/MS 

Chromatography 

coupled with mass 

spectrometry 

Highest sensitivity 

and specificity 

Very expensive and 

technically 

demanding 

Metabolomics and 

trace analysis 

 

V. UV SPECTROPHOTOMETRIC 

METHOD DEVELOPMENT 
5.1 Solvent Selection 

Selection of an appropriate solvent is one of 

the most important steps in UV spectrophotometric 

method development because it directly influences 

the solubility, stability, and absorbance 

characteristics of the analytes. The selected solvent 

should completely dissolve the analytes without 

causing chemical degradation or spectral interference 

within the analytical wavelength range. In addition, 

the solvent should exhibit high UV transparency, 

minimal background absorbance, and compatibility 

with the analytical procedure. Commonly used 

solvents for UV spectrophotometric analysis include 

methanol, ethanol, distilled water, acetonitrile, and 

phosphate buffer. Among these, methanol is 

frequently preferred for the estimation of phenolic 

compounds such as gallic acid and tannic acid 

because of its excellent solubilizing capacity, good 

stability, and negligible interference in the ultraviolet 

region. [25] 

 

5.2 Determination of λmax 

Determination of the maximum absorption 

wavelength (λmax) is a fundamental step in 

developing a UV spectrophotometric method. 

Standard solutions of the analytes are scanned over 

an appropriate wavelength range, generally between 

200 and 400 nm, using a suitable blank solvent. The 

wavelength corresponding to the maximum 

absorbance is selected as the analytical wavelength 

because it provides the highest sensitivity, improved 

signal-to-noise ratio, and greater analytical precision. 

Proper selection of λmax minimizes analytical errors 

and enhances the reliability of quantitative 

estimations performed according to Beer–Lambert's 

law. [26] 

 

5.3 Overlay Spectral Study 

Overlay spectral analysis involves 

superimposing the absorption spectra of two or more 

analytes to evaluate their spectral characteristics 

simultaneously. This study helps identify suitable 

analytical wavelengths, isoabsorptive points, and 

regions where the absorbance profiles differ 

significantly. Overlay spectra are particularly useful 

during simultaneous estimation because they 

facilitate the selection of wavelengths that provide 

maximum analytical discrimination between 

analytes. The technique also assists in assessing 

spectral interference and confirming the feasibility of 

applying simultaneous equation or absorbance ratio 

methods for quantitative analysis. [*27] 

 

5.4 Simultaneous Equation Method 

The simultaneous equation method is a 

widely used mathematical approach for the 

simultaneous estimation of two absorbing 

components without prior physical separation. The 

method utilizes absorbance measurements at two 

selected wavelengths together with the absorptivity 

coefficients of each analyte. Based on Beer–

Lambert's law, two linear equations are established 

and solved mathematically to determine the 

individual concentrations of the analytes present in a 

mixture. This approach is simple, accurate, 

economical, and particularly suitable when the 
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absorption spectra of both compounds partially 

overlap but possess sufficiently different absorptivity 

values at the selected wavelengths. [28] 

 

5.5 Absorbance Ratio Method (Q-Analysis 

Method) 

The absorbance ratio method, also known as 

the Q-analysis method, is another important UV 

spectrophotometric technique used for the 

simultaneous estimation of binary mixtures. The 

method employs an isoabsorptive point, where both 

analytes exhibit identical absorptivity, together with 

the λmax of one of the components. Concentrations 

are calculated by comparing the ratio of absorbance 

values measured at these two wavelengths. The 

absorbance ratio method offers high accuracy, 

simplicity, and reproducibility while requiring 

minimal mathematical calculations. It is widely 

applied in pharmaceutical and herbal analysis for 

routine quality control of multicomponent 

formulations. [29] 

 

5.6 Derivative Spectroscopy 

Derivative spectrophotometry is an 

advanced modification of conventional UV 

spectrophotometry in which the first, second, or 

higher-order derivative of the absorption spectrum is 

measured instead of the normal absorbance spectrum. 

This technique improves spectral resolution, 

minimizes baseline interference, and allows accurate 

estimation of compounds with overlapping 

absorption spectra. Derivative spectroscopy is 

particularly useful for analyzing complex herbal 

extracts containing multiple phytochemicals because 

it enhances analytical selectivity without requiring 

chromatographic separation. The method has been 

successfully applied for the simultaneous estimation 

of numerous pharmaceutical and herbal constituents, 

providing improved sensitivity and specificity 

compared with conventional zero-order 

spectrophotometry. [30] 

 

VI. METHOD VALIDATION 

ACCORDING TO ICH Q2(R2) 
6.1 Linearity 

Linearity is one of the fundamental 

validation parameters used to establish the ability of 

an analytical method to produce test results that are 

directly proportional to the concentration of the 

analyte within a specified range. During method 

validation, a series of standard solutions with 

different concentrations are prepared and analyzed 

under optimized experimental conditions. The 

absorbance values obtained are plotted against the 

corresponding concentrations to generate a 

calibration curve. The relationship between 

concentration and absorbance is evaluated using 

linear regression analysis, and the regression 

equation along with the correlation coefficient (R²) is 

determined. A correlation coefficient close to unity 

indicates excellent linearity and confirms compliance 

with Beer–Lambert's law. Demonstration of linearity 

ensures reliable quantitative estimation of analytes 

throughout the selected concentration range and 

supports the suitability of the analytical method for 

routine quality control applications. [31] 

 

6.2 Accuracy 

Accuracy refers to the closeness of 

agreement between the experimentally determined 

value and the true or accepted reference value. It 

reflects the ability of an analytical method to produce 

correct and unbiased results. Accuracy is commonly 

evaluated by the recovery or standard addition 

method, in which known quantities of reference 

standards are added to pre-analyzed samples at 

different concentration levels, typically 80%, 100%, 

and 120%. The percentage recovery of the added 

analyte is subsequently calculated to determine 

analytical accuracy. Recovery values within the 

acceptable limits recommended by ICH guidelines 

indicate that the analytical procedure is free from 

systematic errors and capable of providing reliable 

quantitative estimations. Therefore, accuracy is 

considered an essential parameter for validating 

analytical methods intended for pharmaceutical and 

herbal drug analysis. [32] 

 

6.3 Precision 

Precision is defined as the degree of 

agreement among a series of independent 

measurements obtained from multiple analyses of the 

same homogeneous sample under specified 

conditions. It evaluates the reproducibility and 

consistency of an analytical method and is generally 

expressed as the percentage relative standard 

deviation (%RSD). Precision is assessed at three 

different levels, namely repeatability (intra-day 

precision), intermediate precision (inter-day 

precision), and reproducibility under varying 

laboratory conditions. Low %RSD values indicate 

excellent consistency and minimal variation among 

replicate measurements. Demonstration of 

satisfactory precision confirms that the analytical 

method is capable of producing reproducible and 

dependable results during routine laboratory analysis. 

[33] 
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6.4 Specificity 

Specificity is the ability of an analytical 

method to accurately measure the analyte of interest 

in the presence of other components that may be 

present in the sample matrix, including impurities, 

degradation products, excipients, solvents, and 

naturally occurring phytochemicals. Evaluation of 

specificity involves comparing the analytical 

responses obtained from blank solutions, standard 

solutions, and sample preparations to determine 

whether any interfering substances affect analyte 

estimation. A highly specific analytical method 

selectively quantifies the target compounds without 

interference from matrix components, thereby 

ensuring the reliability and validity of quantitative 

results. Specificity is particularly important in herbal 

drug analysis because herbal extracts contain 

numerous chemically related phytoconstituents. [34] 

 

6.5 Limit of Detection (LOD) 

The Limit of Detection (LOD) represents 

the lowest concentration of an analyte that can be 

detected by an analytical method but cannot 

necessarily be quantified with acceptable precision 

and accuracy. It is an important indicator of analytical 

sensitivity and reflects the capability of the method to 

identify trace amounts of the analyte. According to 

ICH Q2(R2) recommendations, LOD may be 

calculated using the standard deviation of the 

analytical response and the slope of the calibration 

curve. Lower LOD values indicate greater analytical 

sensitivity, making the method suitable for detecting 

very small concentrations of target compounds in 

pharmaceutical and herbal formulations. [35] 

 

6.6 Limit of Quantification (LOQ) 

The Limit of Quantification (LOQ) is 

defined as the lowest concentration of an analyte that 

can be quantitatively determined with acceptable 

accuracy and precision. Unlike LOD, which indicates 

only the detection capability of the method, LOQ 

represents the minimum concentration that can be 

measured reliably for quantitative purposes. The 

LOQ is generally calculated using the standard 

deviation of the response and the slope of the 

calibration curve as recommended by ICH 

guidelines. Low LOQ values demonstrate the ability 

of the analytical method to accurately quantify 

analytes even at very low concentration levels, 

thereby enhancing its applicability in routine quality 

control and pharmaceutical analysis. [36] 

 

6.7 Robustness 

Robustness is the capacity of an analytical 

method to remain unaffected by small but deliberate 

variations in experimental conditions during routine 

analysis. It provides an indication of the reliability 

and practical applicability of the method under 

normal laboratory operating conditions. Robustness 

is evaluated by introducing minor changes in 

analytical parameters such as wavelength, solvent 

composition, pH, flow rate, analysis time, or 

temperature and subsequently assessing their effect 

on analytical performance. If these variations do not 

produce significant changes in analytical results, the 

method is considered robust. Demonstration of 

robustness confirms that the analytical procedure is 

reliable, stable, and suitable for routine quality 

control applications. 

 

6.8 Ruggedness 

Ruggedness refers to the reproducibility of 

an analytical method when the analysis is performed 

under different operational conditions, including 

different analysts, instruments, laboratories, or days. 

This parameter evaluates the influence of external 

variables on the performance of the analytical method 

and ensures that consistent results are obtained 

irrespective of minor variations in testing conditions. 

Ruggedness studies generally involve repeated 

analysis of the same sample by different analysts or 

using different instruments, followed by comparison 

of the obtained results. Minimal variation among the 

analytical results demonstrates good ruggedness and 

confirms that the method possesses excellent 

reproducibility and is suitable for routine use in 

quality control laboratories. [37] 

 

Table 3. ICH Q2(R2) Method Validation Parameters 

Validation Parameter Purpose 

Linearity Establishes proportionality between concentration and response 

Accuracy Determines closeness to true value 

Precision Evaluates repeatability and reproducibility 

Specificity Measures analyte without interference 

LOD Lowest detectable concentration 
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Validation Parameter Purpose 

LOQ Lowest quantifiable concentration 

Robustness Effect of deliberate method variations 

Ruggedness Reproducibility under different conditions 

 

VII. APPLICATIONS IN HERBAL 

FORMULATIONS 
7.1 Polyherbal Extracts 

Polyherbal formulations consist of extracts 

obtained from two or more medicinal plants that act 

synergistically to produce enhanced therapeutic 

effects. Owing to the complexity of these 

formulations, quantitative estimation of bioactive 

marker compounds is essential to ensure quality, 

consistency, and therapeutic efficacy. UV 

spectrophotometric methods are widely employed for 

the simultaneous estimation of phenolic compounds 

such as gallic acid and tannic acid in polyherbal 

extracts because they provide rapid, economical, and 

reliable analysis. The use of validated analytical 

methods facilitates batch-to-batch consistency, 

authentication of herbal ingredients, and compliance 

with quality control requirements. [38] 

 

7.2 Tablets 

Herbal tablets are among the most 

commonly marketed dosage forms due to their 

convenience, stability, and ease of administration. 

Standardization of herbal tablets requires accurate 

quantification of active marker compounds to ensure 

uniform drug content and therapeutic effectiveness. 

UV spectrophotometry is frequently applied for 

routine assay and content uniformity testing of herbal 

tablets because of its simplicity, minimal sample 

preparation, and cost-effectiveness. The technique is 

particularly suitable for quality control laboratories 

involved in routine analysis of commercial herbal 

tablet formulations. [39] 

 

7.3 Capsules 

Herbal capsules contain powdered plant 

materials or standardized herbal extracts enclosed 

within hard or soft gelatin shells. The quality of 

herbal capsules depends on the accurate 

concentration of marker compounds present in each 

dosage unit. UV spectrophotometric methods are 

widely utilized for the estimation of phenolic 

constituents in herbal capsule formulations, enabling 

rapid and reproducible quantitative analysis. Such 

analytical methods assist manufacturers in 

maintaining product quality, ensuring dosage 

accuracy, and fulfilling regulatory requirements. 

 

7.4 Syrups 

Herbal syrups are extensively used in the 

management of cough, sore throat, anemia, digestive 

disorders, and pediatric conditions because of their 

palatable taste and ease of administration. 

Quantitative estimation of marker compounds in 

herbal syrups is necessary to ensure product stability, 

potency, and therapeutic consistency. UV 

spectrophotometric analysis offers a rapid and 

economical approach for routine quality control of 

herbal syrups by accurately determining the 

concentration of active phytoconstituents with 

minimal sample preparation. [40] 

7.5 Gels 

Herbal gels are topical semisolid 

formulations designed for localized treatment of 

wounds, burns, skin infections, inflammatory 

conditions, and cosmetic applications. These 

formulations frequently contain phenolic compounds 

possessing antioxidant, antimicrobial, and anti-

inflammatory properties. UV spectrophotometric 

methods are effectively employed to estimate marker 

compounds in herbal gels during formulation 

development, stability studies, and routine quality 

control. Accurate quantification of bioactive 

constituents helps ensure product uniformity, 

efficacy, and long-term stability. [41] 

 

7.6 Nanoformulations 

Nanoformulations, including nanoparticles, 

nanoemulsions, nanogels, liposomes, and solid lipid 

nanoparticles, have gained considerable attention 

because of their ability to enhance the solubility, 

stability, bioavailability, and targeted delivery of 

herbal phytoconstituents. Quantitative estimation of 

marker compounds plays a crucial role during 

formulation development, encapsulation efficiency 

studies, drug release evaluation, and stability 

assessment. UV spectrophotometry remains an 

important analytical tool for routine estimation of 

phenolic marker compounds in nanoformulations 

owing to its rapid analysis, simplicity, and low 

operational cost. 

 

Table 4. Applications of UV Spectrophotometry 

in Herbal Formulations 
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Herbal 

Formulation 
Purpose of Analysis 

Polyherbal Extracts Marker compound estimation 

Tablets Assay and content uniformity 

Capsules Drug content determination 

Syrups Quality control and stability 

Gels 
Drug estimation and stability 

testing 

Nanoformulations 
Drug loading and release 

studies 

 

VIII. Advantages and Limitations 
8.1 Advantages 

UV spectrophotometry offers numerous 

advantages that make it one of the most widely 

employed analytical techniques for the quantitative 

estimation of herbal marker compounds. The 

technique is simple, rapid, economical, and requires 

relatively inexpensive instrumentation compared 

with advanced chromatographic techniques such as 

HPLC, UPLC, and LC–MS/MS. Sample preparation 

is generally straightforward, resulting in shorter 

analysis time and increased laboratory productivity. 

[42] The method provides satisfactory accuracy, 

precision, sensitivity, and reproducibility when 

properly validated according to ICH guidelines. 

Furthermore, UV spectrophotometric methods are 

well suited for routine quality control, 

standardization of herbal formulations, stability 

studies, and quantitative estimation of phenolic 

compounds in various pharmaceutical dosage forms. 

[43] 

 

Table 5. Advantages and Limitations of UV Spectrophotometry 

Advantages Limitations 

Simple analytical procedure Lower specificity than chromatographic methods 

Rapid analysis Spectral overlap may occur 

Cost-effective Limited structural information 

Minimal sample preparation Less suitable for complex mixtures 

Suitable for routine quality control Lower sensitivity than LC–MS/MS 

Good accuracy and precision Matrix interference may affect analysis 

 

IX. LIMITATIONS 
Despite its numerous advantages, UV 

spectrophotometry has certain limitations. The 

technique possesses lower selectivity than 

chromatographic methods because compounds 

having overlapping absorption spectra may interfere 

with quantitative estimation. Complex herbal 

matrices containing multiple phytochemicals can 

sometimes produce spectral interference, thereby 

reducing analytical accuracy. UV spectrophotometry 

also provides limited structural information and is 

unsuitable for comprehensive impurity profiling or 

identification of unknown compounds. 

Consequently, advanced analytical techniques such 

as HPLC, UPLC, HPTLC, or LC–MS/MS are often 

preferred for highly complex herbal formulations 

requiring superior sensitivity and specificity. 

 

X. FUTURE PERSPECTIVES 
The growing global demand for 

standardized herbal medicines is expected to further 

expand the application of UV spectrophotometric 

methods in herbal drug analysis. Future research 

should focus on developing greener analytical 

methods through the use of environmentally friendly 

solvents and sustainable analytical practices. 

Integration of UV spectrophotometry with 

chemometric tools and multivariate statistical 

analysis may improve the simultaneous estimation of 

multiple phytoconstituents in complex herbal 

matrices. In addition, combining UV 

spectrophotometric techniques with advanced 

analytical approaches such as HPLC and LC–MS/MS 

can provide comprehensive quality evaluation of 

herbal products. The increasing use of 

nanoformulations, herbal nutraceuticals, and 

personalized herbal therapies will also create new 

opportunities for rapid, reliable, and economical 

analytical methods suitable for routine 

pharmaceutical quality control. 

 

XI. CONCLUSION 
The quantitative estimation of phenolic 

marker compounds plays a vital role in ensuring the 

quality, safety, efficacy, and consistency of herbal 

medicines. Among the various analytical techniques 

available, UV spectrophotometry remains one of the 

most practical and economical methods for routine 
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analysis because of its simplicity, rapidity, accuracy, 

and cost-effectiveness. Proper method development 

and validation in accordance with ICH Q2(R2) 

guidelines ensure that UV spectrophotometric 

methods provide reliable, precise, and reproducible 

analytical results suitable for pharmaceutical quality 

control. The technique has been successfully applied 

to a wide variety of herbal formulations, including 

polyherbal extracts, tablets, capsules, syrups, gels, 

and nanoformulations. Although chromatographic 

methods offer greater sensitivity and selectivity, UV 

spectrophotometry continues to serve as an 

indispensable analytical tool for the standardization 

and routine quality assessment of herbal products. 

Future advancements in analytical science are 

expected to further enhance its applications, thereby 

supporting the development of safe, effective, and 

standardized herbal medicines. 
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