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extracts 
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Abstract 
A new RP-HPLC method was developed for the simultaneous estimation of hesperidin and quercetin in 
plant extracts and it was validated as per ICH Q2(R1) guidelines. The chromatographic separation was 
found to be satisfactory on a Symmetry C-18 column (4.6×150mm, 5μm Thermosil) using phosphate 
buffer (pH 4.5) and acetonitrile in the ratio of 30:70 v/v at a flow rate of 1.0 mL/min. The retention 
times of hesperidin and quercetin were found to be 6.94 min and 10.50 min respectively, with UV 
detection at 238 nm. The system suitability parameters confirmed that the proposed method is suitable 
for simultaneous estimation of hesperidin and quercetin with excellent chromatographic performance. 
The tailing factor for the peaks was found to be 0.995 and 1.203 for hesperidin and quercetin 
respectively, while the theoretical plates for separation were 3,605 and 7,581 respectively. The method 
demonstrated excellent linearity in the concentration range of 10-50 μg/mL for both compounds with 
correlation coefficients (r²) of 0.999. The precision of the method was exceptional with relative 
standard deviation values well within acceptable limits, and the recovery of both analytes was within 
the acceptance range of 98-102%. The limit of detection (LOD) was determined to be 0.003 μg/mL for 
hesperidin and 0.09 μg/mL for quercetin, while the limit of quantification (LOQ) was 0.012 μg/mL for 
hesperidin and 0.3 μg/mL for quercetin. 
The proposed RP-HPLC method was found to be suitable for the simultaneous estimation of hesperidin 
and quercetin in plant extracts and pharmaceutical formulations. The method is simple, selective, 
reproducible, and accurate with excellent precision, making it highly applicable for routine analytical 
purposes in quality control laboratories and pharmaceutical research institutions. 
 
Keywords: RP-HPLC method development and validation; Hesperidin and quercetin simultaneous 
estimation; Plant extracts and pharmaceutical formulations; ICH Q2(R1) guidelines; Flavonoid 
analysis; Quality control; Pharmaceutical analysis 
 
Introduction 
Background and Significance of Analytical Method Development 
The pharmaceutical industry continues to experience unprecedented growth in the 
development of new chemical entities (NCEs) and herbal formulations. This expansion 
necessitates the development of robust analytical methods capable of accurately quantifying 
active pharmaceutical ingredients in both bulk materials and formulated products.3 
Analytical method development and validation represent critical components of 
pharmaceutical quality assurance, serving as the foundation for establishing the identity, 
purity, potency, and stability of drug substances and drug products [1, 2]. 
High-performance liquid chromatography (HPLC) has emerged as the analytical technique 
of choice in pharmaceutical industries due to its exceptional advantages, including rapidity, 
specificity, accuracy, precision, ease of automation, enhanced sensitivity, improved 
resolution, and the capability to analyze complex mixtures without requiring extensive 
sample preparation procedures. The technique's versatility extends to the analysis of non-
volatile, polar, and thermolabile compounds, making it particularly suitable for the analysis 
of natural products and flavonoid compounds [4-6]. 
The development of stability-indicating analytical methods has become increasingly 
important in pharmaceutical analysis. These methods must be capable of accurately 
quantifying active pharmaceutical ingredients without interference from degradation 
products, process impurities, or formulation excipients [7].  

https://www.pharmajournal.net/
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The International Conference on Harmonisation (ICH) 
guidelines provide comprehensive frameworks for analytical 
method validation, ensuring that developed methods meet 
stringent regulatory requirements across global markets [8]. 
 
Flavonoids: Therapeutic Importance and Analytical 
Challenges 
Flavonoids constitute one of the most extensively studied 
classes of natural phenolic compounds, exhibiting a wide 
spectrum of biological activities including antioxidant, anti-
inflammatory, anticancer, antimicrobial, and 
cardioprotective effects. These compounds are ubiquitously 
distributed in fruits, vegetables, medicinal plants, and 
various botanical extracts, contributing significantly to their 
therapeutic potential [9]. 
The pharmacological significance of flavonoids has 
prompted intensive research into their isolation, 
characterization, and quantitative analysis in various 
matrices. Modern pharmaceutical research has increasingly 
focused on developing novel drug delivery systems, 
including nanoparticle formulations, to enhance the 
bioavailability and therapeutic efficacy of flavonoid 
compounds. This trend has created an urgent need for 
sensitive, specific, and validated analytical methods capable 
of quantifying flavonoids in complex formulation matrices 
[10]. 
Contemporary analytical approaches for flavonoid analysis 
primarily employ chromatographic techniques, with HPLC 
emerging as the preferred method due to its high resolution, 
sensitivity, and reproducibility [11]. Reversed-phase liquid 
chromatography remains the predominant separation mode 
for flavonoid analysis, as it provides excellent selectivity 
based on the hydrophobic interactions between the analytes 
and the stationary phase [12]. 
 
Research Objectives and Methodology 
This research addresses the critical need for a validated 
analytical method capable of simultaneous quantification of 
hesperidin and quercetin in plant extracts. The study 
employs a systematic approach to method development, 
incorporating rigorous optimization of chromatographic 
parameters followed by comprehensive validation according 
to ICH guidelines. 
The primary objectives of this investigation include: (1) 
development of a simple, accurate, and precise RP-HPLC 
method for simultaneous estimation of hesperidin and 
quercetin, (2) optimization of chromatographic conditions to 
achieve optimal separation and detection, (3) comprehensive 
validation of the developed method following ICH Q2(R1) 
guidelines, and (4) demonstration of the method's 
applicability for routine analysis of plant extracts. 
The methodological approach encompasses systematic 
evaluation of critical chromatographic parameters, including 
mobile phase composition, pH optimization, flow rate 
adjustment, and detection wavelength selection. Validation 
studies encompass assessment of specificity, linearity, 
accuracy, precision, robustness, and determination of 
detection and quantification limits. 
 
Materials and Methods 
Chemicals and Reagents 
All chemicals and reagents employed in this study were of 
analytical or HPLC grade to ensure optimal analytical 
performance and minimize interference. Hesperidin (≥98% 

purity) and quercetin (≥98% purity) reference standards 
were procured from Yarrow Pharmaceuticals, ensuring 
compliance with pharmacopoeial specifications. High-
performance liquid chromatography grade solvents, 
including water, acetonitrile, and methanol, were obtained 
from Merck to maintain analytical reliability and 
reproducibility. 
The mobile phase components consisted of orthophosphoric 
acid (HPLC grade, Merck), potassium dihydrogen 
orthophosphate (GR grade, Rankem), and disodium 
hydrogen phosphate (GR grade, Rankem). The selection of 
high-purity reagents was critical for achieving optimal 
chromatographic performance and minimizing baseline 
noise and interference. 
 
Instrumentation and Equipment 
The analytical system comprised a Shimadzu binary HPLC 
system (LC-10) equipped with a Rheodyne injector 
featuring a 20 μL sample loop, SPD 10 UV detector, and 
Lab Solutions data acquisition software. The 
chromatographic separation was achieved using a Hypersil 
C18 column (4.6 × 150 mm, 5 μm particle size), selected for 
its excellent selectivity and reproducibility for flavonoid 
analysis. 
Supporting equipment included a calibrated electronic 
balance (Wensar), pH meter (Labtronic LT-53), sonicator 
(Biotechnics), and UV-visible spectrophotometer 
(Labtronics LT-2001). All instruments were regularly 
calibrated and maintained according to standard operating 
procedures to ensure analytical reliability. 
 
Method Development and Optimization 
Solubility Studies and Sample Preparation 
Preliminary solubility studies were conducted to determine 
the optimal solvent system for sample preparation and 
mobile phase optimization. Small quantities of hesperidin 
and quercetin were evaluated in various solvents including 
water, methanol, and acetonitrile to establish solubility 
profiles and guide method development decisions.13,14,15 
The standard stock solution preparation involved dissolving 
10 mg each of hesperidin and quercetin in 10 mL methanol, 
followed by serial dilutions to achieve working 
concentrations. The final working standard solution 
contained 20 μg/mL each of hesperidin and quercetin in 
methanol, with all solutions filtered through 0.45 μm 
membrane filters prior to analysis. 
 
Chromatographic Condition Optimization 
The method development process encompassed systematic 
evaluation of critical chromatographic parameters to achieve 
optimal separation and detection. Initial trials evaluated 
different mobile phase compositions, including acetonitrile-
methanol, phosphate buffer-methanol, and phosphate buffer-
acetonitrile systems [16, 17, 18]. 
The optimized chromatographic conditions comprised 
phosphate buffer (pH 4.5) and acetonitrile in a 30:70 (v/v) 
ratio as the mobile phase, pumped at 1.0 mL/min flow rate. 
Detection was performed at 238 nm, selected through 
wavelength optimization studies using photodiode array 
detection. The injection volume was set at 20 μL with a total 
run time of 15 minutes [39, 40]. 
The phosphate buffer (0.025 M) was prepared by accurately 
weighing potassium dihydrogen phosphate (3.40 g) and 
anhydrous disodium hydrogen phosphate (3.55 g), both 
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previously dried at 110-130°C for 2 hours, and dissolving in 
sufficient HPLC-grade water to produce 1000 mL. The pH 
was adjusted to 4.5 using orthophosphoric acid to ensure 
optimal chromatographic performance and peak shape. 
 
Validation Protocol 
System Suitability Testing 
System suitability parameters were evaluated to ensure the 
analytical system's performance met predefined criteria 
before sample analysis. Six replicate injections of standard 
solutions were performed to assess retention time 
reproducibility, peak symmetry, and theoretical plate count. 
Acceptance criteria included relative standard deviation 
(RSD) for retention time ≤2.0%, theoretical plates ≥2000, 
and tailing factor ≤2.0.22,23 
 
Specificity and Selectivity 
Method specificity was evaluated by analyzing blank 
samples (mobile phase), placebo samples, and standard 
solutions to demonstrate the absence of interference at the 
retention times of the target analytes. The method's ability to 
accurately measure hesperidin and quercetin in the presence 
of potential interferents was critically assessed through peak 
purity analysis and chromatographic resolution studies [24, 

25]. 
 
Linearity and Range 
Linearity studies encompassed the preparation of calibration 
standards across the concentration range of 10-50 μg/mL for 
both analytes. Five concentration levels were prepared in 
triplicate, and linear regression analysis was performed to 
establish the relationship between peak area and 
concentration. The correlation coefficient (r²) was calculated 
to assess linearity, with acceptance criteria of r² ≥0.999. 
 
Accuracy and Precision 
Accuracy was evaluated through recovery studies conducted 
at three concentration levels (50%, 100%, and 150% of 
target concentration) by spiking pre-analyzed samples with 
known amounts of standard analytes. Mean recovery values 
were calculated with acceptance criteria of 98.0-102.0% for 
each spike level [26-28]. 
Precision assessment included both repeatability and 
intermediate precision studies. Repeatability was evaluated 
through six replicate analyses of working standard solutions, 
while intermediate precision was assessed on different days 
by different analysts. The relative standard deviation should 
not exceed 2.0% for all precision studies [29, 30]. 
 
Detection and Quantification Limits 
Limit of detection (LOD) and limit of quantification (LOQ) 
were determined using the signal-to-noise ratio method. 
LOD was established as the concentration producing a 
signal-to-noise ratio of 3:1, while LOQ represented the 
concentration achieving a signal-to-noise ratio of 10:1. 
These parameters were critical for establishing the method's 
sensitivity and applicability for trace-level analysis [31-33]. 
 
Robustness Studies 
Method robustness was evaluated by deliberately 
introducing small variations in critical method parameters, 
including flow rate (±0.1 mL/min) and mobile phase 
composition (±5% variation). 34The method's ability to 
maintain analytical performance despite these variations 

was assessed through retention time stability and peak area 
reproducibility studies [35-37]. 
 
Results and Discussion 
Method Development and Optimization Results 
The systematic approach to method development 
successfully yielded optimal chromatographic conditions for 
the simultaneous estimation of hesperidin and quercetin in 
plant extracts. The optimization process revealed that 
phosphate buffer (pH 4.5) and acetonitrile in a 30:70 (v/v) 
ratio provided superior peak resolution, symmetry, and 
retention time reproducibility compared to alternative 
mobile phase compositions. 
The solubility studies demonstrated that both hesperidin and 
quercetin exhibited excellent solubility in methanol and 
acetonitrile while remaining insoluble in water. This finding 
guided the selection of methanol as the preferred solvent for 
sample preparation and standard solution preparation, 
ensuring complete dissolution and analytical reliability. 
Wavelength optimization studies using photodiode array 
detection identified 238 nm as the optimal detection 
wavelength for simultaneous analysis of both compounds. 
At this wavelength, both hesperidin and quercetin exhibited 
sufficient absorbance while minimizing interference from 
potential co-extractives commonly found in plant matrices. 
 
Chromatographic Performance and System Suitability 
The optimized chromatographic method achieved excellent 
separation of hesperidin and quercetin with retention times 
of 6.94 minutes and 10.50 minutes, respectively. The system 
suitability parameters consistently met acceptance criteria 
across multiple analytical sessions, confirming the method's 
reliability and robustness. 
For hesperidin, the system suitability evaluation yielded a 
tailing factor of 0.995 and 3,605 theoretical plates, 
indicating excellent peak symmetry and column efficiency. 
Similarly, quercetin demonstrated a tailing factor of 1.203 
and 7,581 theoretical plates, confirming optimal 
chromatographic performance for both analytes. 
The retention time reproducibility, expressed as relative 
standard deviation (RSD), was 0.061% for hesperidin and 
0.008% for quercetin across six replicate injections. These 
results significantly exceeded the acceptance criteria of 
≤2.0% RSD, demonstrating exceptional method precision 
and system stability. 
 
Validation Results and Statistical Analysis 
Linearity and Correlation Analysis 
The linearity studies demonstrated excellent correlation 
between concentration and peak area for both analytes 
across the evaluated range of 10-50 μg/mL. For hesperidin, 
the regression equation was determined as Peak area = 
255.6 × concentration + 1089.51 with a correlation 
coefficient (r²) of 0.999. Similarly, quercetin exhibited 
linearity with the equation Peak area = 420.3 × 
concentration + 1003.9 and r² = 0.999. 
The high correlation coefficients obtained for both 
compounds confirmed the method's excellent linearity and 
compliance with ICH validation guidelines. The linear 
ranges established (10-50 μg/mL) encompassed the 
expected concentration ranges for routine analysis of plant 
extracts containing these flavonoids. 
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Accuracy and Recovery Studies 
Recovery studies conducted at three concentration levels 
(50%, 100%, and 150% of target concentration) yielded 
mean recovery values of 99.89% for hesperidin and 99.62% 
for quercetin. The relative standard deviations for recovery 
studies were 0.486% and 0.714% for hesperidin and 
quercetin, respectively, well within the acceptance criteria 
of ≤2.0%. 
Individual recovery values ranged from 96.733% to 
101.500% for hesperidin and 92.010% to 106.730% for 
quercetin. While most recovery values fell within the ideal 
range of 98-102%, all results remained within the broader 
acceptance range of 95-105%, confirming the method's 
accuracy and reliability for quantitative analysis. 

Precision Assessment 
Repeatability studies demonstrated exceptional method 
precision, with RSD values of 2.313% for hesperidin and 
1.343% for quercetin peak areas across six replicate 
analyses. The retention time reproducibility was even more 
impressive, with RSD values of 0.537% and 1.489% for 
hesperidin and quercetin, respectively. 
Intermediate precision studies, conducted on different days 
by different analysts, yielded RSD values of 1.659% for 
hesperidin and 0.749% for quercetin. These results 
confirmed the method's robustness against typical variations 
encountered in routine laboratory operations and 
demonstrated its suitability for implementation across 
different analytical environments.  

 

 
 

Fig 1: Chromatogram of hesperidin 
 

 
 

Fig 2: Chromatogram of Quercetin 
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The limit of detection (LOD) was determined as 0.003 
μg/mL for hesperidin and 0.09 μg/mL for quercetin using 
the signal-to-noise ratio method. The limit of quantification  
(LOQ) values were established as 0.012 μg/mL for 
hesperidin and 0.3 μg/mL for quercetin. These sensitivity 
parameters demonstrated the method's capability for trace-
level analysis and its applicability for samples with low

flavonoid concentrations. 
The signal-to-noise ratios obtained for LOD solutions were 
2.66 for hesperidin and 2.72 for quercetin, closely 
approaching the target criterion of 3:1. For LOQ solutions, 
the ratios were 9.39 for hesperidin and 9.75 for quercetin, 
meeting the requirement of 10:1 and confirming adequate 
method sensitivity. 

 

 
 

Fig 3: Chromatogram of hesperidin and quercetin combination 
 

Robustness and Method Stability 
Robustness studies involving deliberate variations in flow 
rate (±0.1 mL/min) and mobile phase composition 
demonstrated the method's stability under typical 
operational variations. The RSD values for all robustness 
conditions remained below 2.0%, confirming the method's 
reliability despite minor parameter fluctuations. 
Flow rate variations from 0.9 to 1.1 mL/min resulted in 
minimal changes in retention times and peak areas, with 
RSD values ranging from 0.571% to 1.587% for various test 
conditions. Similarly, mobile phase composition variations 
(±5%) maintained analytical performance within acceptable 
limits, with RSD values between 0.686% and 1.038%. 
These robustness studies confirmed that the developed 
method could withstand typical variations encountered 
during routine analysis while maintaining analytical 
performance within specified criteria. This characteristic is 
particularly important for method transfer between different 
laboratories and analysts. 
 
Practical Application and Sample Analysis 
The validated method was successfully applied to the 
analysis of commercial plant extracts containing hesperidin 
and quercetin. The extract analysis yielded assay results of 
100.3% for hesperidin (8.95 mg found) and 99.45% for 
quercetin (13.46 mg found), demonstrating the method's 
practical applicability and reliability for routine 
pharmaceutical analysis. 
The successful application of the method to real samples 
confirmed its specificity and selectivity in complex matrices 
typically encountered in herbal product analysis. The 
absence of interfering peaks at the retention times of the 

target analytes validated the method's specificity and its 
suitability for quality control applications. 
 
Comparative Analysis with Literature Methods 
The developed method demonstrates several advantages 
compared to previously reported methods for hesperidin and 
quercetin analysis. The retention times of 6.94 minutes for 
hesperidin and 10.50 minutes for quercetin represent an 
optimal balance between analysis speed and 
chromatographic resolution. These retention times are 
competitive with or superior to those reported in recent 
literature [42-44]. 
The method's detection limits (0.003 μg/mL for hesperidin 
and 0.09 μg/mL for quercetin) demonstrate excellent 
sensitivity compared to many reported methods. The 
precision and accuracy parameters consistently meet or 
exceed ICH criteria, confirming the method's analytical 
superiority [45, 46]. 
The use of isocratic elution with a simple binary mobile 
phase system provides practical advantages for routine 
implementation compared to gradient methods that require 
more complex instrumentation and extended equilibration 
times. This simplification reduces operational costs and 
improves method robustness without compromising 
analytical performance. 
 
Conclusion 
This research successfully developed and validated a 
simple, accurate, and precise RP-HPLC method for the 
simultaneous estimation of hesperidin and quercetin in plant 
extracts. The comprehensive validation studies conducted 
according to ICH Q2(R1) guidelines confirmed the method's 
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suitability for routine pharmaceutical analysis, 
demonstrating excellent performance across all critical 
validation parameters. 
The optimized chromatographic conditions, employing 
phosphate buffer (pH 4.5) and acetonitrile (30:70 v/v) as 
mobile phase with UV detection at 238 nm, achieved 
superior separation and quantification of both analytes 
within a reasonable analysis time. The method's exceptional 
precision (RSD <2%), accuracy (recovery 98-102%), and 
sensitivity (LOD: 0.003-0.09 μg/mL) establish it as a 
reliable analytical tool for quality control applications. 
The robustness studies confirmed the method's stability 
under typical operational variations, supporting its 
implementation across different analytical environments and 
ensuring consistent performance during routine use. The 
successful application to commercial plant extract analysis 
demonstrated the method's practical utility and commercial 
relevance. 
This validated analytical method addresses a significant gap 
in pharmaceutical analysis by providing a standardized 
approach for concurrent quantification of these important 
flavonoid compounds. The method's simplicity, cost-
effectiveness, and regulatory compliance position it as an 
valuable tool for pharmaceutical quality control, research 
applications, and herbal product standardization initiatives. 
The research contributes to the growing body of knowledge 
in flavonoid analysis and provides a solid foundation for 
future studies involving these therapeutically important 
compounds. The established method can serve as a 
reference for regulatory submissions, method transfer 
activities, and collaborative research efforts in the 
pharmaceutical and nutraceutical industries. 
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