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ABSTRACT  
A simple, rapid, and cost-effective UV-visible 

spectrophotometric method was developed and 

validated for the quantitative analysis of chrysin. The 

analysis was carried out using a double-beam UV-

visible spectrophotometer with a solvent system 

comprising of acetonitrile and water in the ratio of 

25:75 v/v. Chrysin exhibited maximum absorbance at 

268nm which was selected as the analytical 

wavelength for further experiments. A good linear 

relationship between absorbance and concentration 

was observed over the concentration range of 0.5-9 

µg/mL, with a good correlation coefficient (r2) of 

0.999, confirming compliance with Beer-Lambert’s 

law. The validation of developed analytical method 

was carried out as per the ICH Q2(R1) guidelines. 

Accuracy studies of proposed method showed 

percentage difference values within ±2% in both 

intra-day and inter-day analysis. Precision studies 

depicted that % RSD values of both intra- and inter-

day analysis were below 2. Robustness studies 

indicated that minor, deliberate variations in 

analytical conditions did not significantly influence 

the overall results. The limit of detection and the limit 

of quantification of proposed method were found to 

be 0.061µg/mL and 0.185µg/mL respectively, 

demonstrating the adequate sensitivity of the method. 

Overall, the validated method was found to be 

reliable and reproducible, making it suitable for 

routine quantification of chrysin in plant extract. 

KEYWORDS: UV-visible spectrophotometry, 

Validation, Chrysin 

 

I. INTRODUCTION: 

Chrysin (5,7-di hydroxyl-2-phenyl-4H-1-

benzopyran-4-one) also known as 5,7-

dihydroxyflavone, belong to a flavone class [1]. 

Chrysin is present in propolis, honey, and various 

plants like Passiflora edulis [2], Passiflora caerulea [3], 

passion flower [4], and Passiflora incarnata [5]. 

 
Figure 1 Chemical structure of Chrysin  

 

Chrysin possess variety of pharmacological 

activities viz. antioxidant [6], anti-inflammatory [7], 

anticancer [8], neuroprotective [9], anxiolytic [10], 

hepatoprotective [11] and antiaromatase activity [12]. 

The pharmacological effects of chrysin are mainly 

attributed to its flavone structure and the presence of 

hydroxyl groups. Due to diversified yet potent 

pharmacological activities, chrysin has become one 

of the important commercial phytochemicals [13]. 

However, the effective utilization of chrysin in herbal 

formulation and pharmaceutical product require 

accurate and reliable methods for its identification 

and quantification. Uv-visible spectrophotometry is 

commonly employed for routine analysis because it 

is simple, rapid, and economical. Considering the 

pharmacological importance of the chrysin and 

limited availability of the simple analytical methods, 

it was envisaged that the development of validated 

UV-visible spectrophotometric method for the 

chrysin would be worth.   

 

II. MATERIAL AND METHODS 

2.1 Instrumentation: 

A calibrated double-beam UV-visible 

spectrophotometer (Jasco) equipped with spectra 

manager software was employed for method 

development and validation. Quartz cuvettes (1 cm 

path length) were used for absorbance measurements. 

An analytical balance (Essae) with internal 

calibration capability was utilized for accurate 

weighing of chrysin and analytical reagents. All 
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volumetric glassware used in the experiment was of 

class-a compliant.  

 

2.2 Materials:  

Chrysin was purchased from TCI chemicals 

(India). Dimethyl Sulfoxide (DMSO), Acetonitrile 

(HPLC grade) was purchased from Merck. Wherever 

necessary, type-I water was utilized for the 

preparation of solutions. All reagents and solvents 

used in the proposed study conformed to analytical or 

HPLC grade specification to ensure experimental 

accuracy and purity.  

 

2.3 Preparation of standard stock solutions of 

Chrysin: 

An accurately weighed 100 mg of chrysin 

was transferred into 100 ml volumetric flask. 

Minimal quantity of DMSO was added to dissolve 

the chrysin completely and subjected to vortex 

mixing until a clear solution was obtained. The 

volume was made up to the mark with DMSO so as 

to obtain Mother Stock (1 mg/ml). An aliquot of 

mother stock was diluted suitably with mixture of 

acetonitrile-water (25:75v/v) so as to obtain Stock-I 

(100 µg/ml). Stock-I was further diluted with mixture 

of acetonitrile-water (25:75 v/v) so as to obtain 

Stock-II (10 µg/ml).        

 

2.4 Determination of wavelength of maximum 

absorbance (λmax): 

Freshly prepared stock-II solution of chrysin 

was used for the spectral analysis. The UV-Visible 

spectrophotometer was set in the spectrum mode and 

the stock-II solution was scanned over the entire UV-

Visible range of 200 to 800 nm  

The absorbance spectrum was examined to 

determine the wavelength of maximum absorbance 

(λmax). To verify reliability, the procedure was 

repeated using freshly prepared stock-II solution, and 

the λmax was recorded for each run. The final λmax 

value was reported as the average of the repeated 

measurements. 

 

2.5 Preparation of Calibration Standards of 

Chrysin:  

A stock-II solution of chrysin (10µg/ml) 

was used to prepare various calibration standards by 

serial dilutions using ACN: water (25:75 v/v). Seven 

different calibration standards viz. CAL-STD-1 

(0.5μg/ml), CAL-STD-2 (1μg/ml), CAL-STD-3 

(2μg/ml), CAL-STD-4 (4μg/ml), CAL-STD-5 

(6μg/ml), CAL-STD-6 (8μg/ml) and CAL-STD-7 

(9μg/ml) were freshly prepared in triplicate.  

 

2.6 Construction of Calibration Curve: 

The UV-Visible spectrophotometer was set 

in fixed wavelength mode at 268 nm. The absorbance 

of all the calibration standards were recorded using a 

quartz cuvette (1 cm path length) against the blank 

solvent comprising ACN: water (25:75 v/v). The 

entire process was repeated thrice and the results 

were presented as the mean ±standard deviation 

(SD). 

 

2.7 Method Validation:  

The proposed UV-visible 

spectrophotometric method for the estimation of 

chrysin was validated in accordance with ICH 

Q2(R1) guidelines. The validation process included 

assessment of linearity, accuracy, precision, 

robustness, ruggedness, limit of detection (LOD) and 

limit of quantitation (LOQ)  

 

2.7.1 Linearity and range: 

Linearity of the proposed UV-visible 

method was evaluated using seven calibration 

standards prepared within the selected working 

range. Each calibration standard was analysed in 

triplicate, and a calibration curve was constructed by 

plotting absorbance against concentration. Linear 

regression analysis was performed to obtain the 

calibration equation and correlation coefficient (r2). 

A strong linear relationship was confirmed by an r2 

value close to 1. 

 

2.7.2 Accuracy: 

Accuracy of the proposed UV-visible 

spectrophotometric method was assessed by 

analysing three different quality control standards 

representing entire range of calibration curve. 

Initially three quality control standards viz. LQC 

(0.75 µg/ml), MQC (5 µg/ml) and HQC (8.5 µg/ml) 

were prepared from stock-II solution of chrysin. QC 

Standards were analysed at three different time 

intervals in a day for chrysin content. The process of 

analysing the QC standards was repeated on three 

consecutive days. The accuracy of the proposed 

method was expressed in terms of % Difference 

which was calculated by using following formula. 

 

%𝐷𝑖𝑓𝑓𝑒𝑟𝑎𝑛𝑐𝑒 =
(𝑀𝑒𝑎𝑛 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 − 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛)

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 
× 100 
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2.7.3 Precision:                          

The precision of the developed UV-visible 

method was assessed by evaluating both repeatability 

(intra-day precision) and intermediate precision 

(inter-day precision). For repeatability, three QC 

standards were analysed in triplicate on the same day 

under identical laboratory condition. Intermediate 

precision was determined by repeating the analysis 

on three consecutive days using a freshly prepared 

QC standards. Precision was evaluated by calculating 

the percentage relative standard deviation (%RSD) of 

chrysin content of QC standards. The acceptable limit 

of the % RSD for the precision was considered to be 

≤ 2. The % RSD was calculated using following 

formula. 

 

%𝑅𝑆𝐷 =
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛(𝑆𝐷)

𝑀𝑒𝑎𝑛
× 100 

 

2.7.4 Robustness: 

The robustness of the proposed UV-visible 

spectrophotometric method for chrysin was 

evaluated by applying small deliberate variations to 

the experimental conditions to confirm the reliability 

and consistency of the analysis. Specifically, the 

composition of the acetonitrile and water as a solvent 

system was slightly adjusted from the optimized ratio 

of 25:75 v/v to 23:77 v/v and 27:73 v/v. The method 

was considered robust if the %RSD did not exceed 

2.0%.  

 

2.7.5 Limit of Detection (LOD):  

The LOD of the proposed UV-visible 

spectrophotometric method of chrysin was 

determined to establish the lowest concentration that 

can be reliably detectable by the instrument. It was 

calculated using the standard deviation of the 

intercept (σ) and slope (S) of the calibration curve as 

per ICH Q2(R1) guideline, using the following 

formula  

𝐿𝑂𝐷 =
3.3 × 𝜎

𝑆
 

Where, 

𝜎= Standard deviation of the intercept 

S= Slope of the calibration curve 

 

2.7.6 Limit of quantification (LOQ): 

The LOQ was determined to define the lowest 

concentration of chrysin that can be quantified with 

acceptable accuracy and precision. Similar to the 

LOD, the LOQ was calculated using the standard 

deviation of the intercept (σ) and slope(S) from the 

calibration curve, as recommended by ICH Q2(R1) 

guidelines. The value was obtained using the 

following formula: 

𝐿𝑂𝑄 =
10 × 𝜎

𝑆
 

Where,  

𝜎= Standard deviation of the intercept 

S= Slope of the calibration curve 

 

2.8 Estimation of Chrysin in Passiflora edulis 

using proposed method  

Passiflora edulis dried plant powder was 

purchased from Vedashri Ayurvedic Bhandar Nashik 

Maharashtra. 10 g precisely weighed powder was 

added to a 250 ml conical flask and diluted with 100 

mL of 95% ethanol. The mixture was allowed to 

stand for 30 min to ensure adequate solvent 

interaction, followed by ultrasonic-assisted 

extraction for an additional 30 minutes at ambient 

temperature. After extraction, the solution was 

filtered, and the solvent was removed under reduced 

pressure using a rotary vacuum evaporator to obtain 

the concentrated extract. For the analysis, 50 mg of 

the obtained extract was accurately weighed and 

initially dissolved in 1 mL of dimethyl sulfoxide. The 

solution was then diluted to a final volume of 5 mL 

with acetonitrile-water (25:75 v/v) and mixed well. A 

further ten-fold dilution was prepared using the 

acetonitrile-water (25:75 v/v) solvent system to 

obtain a concentration suitable for analysis. The 

absorbance of the final sample solution was measured 

at 268nm using the developed UV-visible 

spectrophotometric method and the amount of 

chrysin present in the extract was calculated from the 

standard calibration curve and expressed as grams of 

chrysin per 100 gram of extract.    

 

III. RESULTS & DISCUSSION 
3.1 Determination of the wavelength of maximum 

absorbance  

Qualitative UV analysis was carried out to 

determine the wavelength at which the analyte shows 

maximum absorbance. A 10 µg/ml chrysin solution 

was scanned over the range of 200-800 nm using 

acetonitrile: water (25:75v/v) as the solvent. The 

wavelength of maximum absorbance (λmax) was 

found to be 268 nm, which corresponds to the π→π * 

electronic transition of chrysin. The λmax value 

remained consistent across multiple scans, indicating 
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good stability and reproducibility of the sample under 

selected conditions. 

 
Figure 2 UV-visible spectra of chrysin  

 

3.2 Preparation of calibration curve  

Seven different calibration standards of chrysin, viz., 0.5 µg/ml, 1µg/ml, 2 µg/ml, 4 µg/ml, 6 µg/ml, 8 

µg/ml and 9 µg/ml were analysed in triplicates at 268 nm using proposed UV-Visible spectrophotometric method. 

The mean absorbance against each concentration is depicted in Table No. 1.    

 

Table 1: calibration standard data for chrysin 

Sr. No. Concentration (µg/ml) Absorbance (Mean ± S.D.) 

1. 0.5 0.0643 ± 0.0005 

2. 1 0.1256 ± 0.0016 

3. 2 0.2409 ± 0.0018 

4. 4 0.4756 ± 0.0056 

5. 6 0.7014 ± 0.0028 

6. 8 0.9153 ± 0.0047 

7. 9 1.0277 ± 0.0092 

 

3.3 Method validation 

Before actual application, it is necessary to 

ascertain the performance and reliability of the 

developed analytical method. Successful validation 

ensues the performance and reliability of the 

analytical method which makes the validation an 

integral part of analytical method development. The 

proposed UV-Visible spectrophotometric method for 

the estimation of chrysin was validated according to 

the ICH Q2 (R1) guideline [14]. All the major 

parameters, including linearity, accuracy, precision, 

robustness, ruggedness, limit of detection (LOD), and 

limit of quantification (LOQ) were carefully studied 

during the validation. The details of the same are 

described below  

 

3.3.1 Linearity and range: 

Seven calibration standards of chrysin 

within the concentration range 0.5 to 9 µg/ml when 

analysed, exhibited excellent linearity throughout the 

range. The average absorbance value for each 

concentration is listed in Table 1. The calibration 

curve showed a strong correlation between 

concentration and the absorbance with an r2 value of 

0.999, accompanied by uniform slope and intercept 

values, thereby confirming the linear response and 

suitability of the method for accurate quantitative 

analysis of chrysin as illustrated in Figure 3 (A-C).  
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Figure 3(A) Calibration curve of Chrysin (Repeat 1) 

 

 
Figure 3(A) Calibration curve of Chrysin (Repeat 2) 

 

 
Figure 3(A) Calibration curve of Chrysin (Repeat 3) 

 

3.3.2 Accuracy:  

Accuracy was examined using three QC 

standards to determine how closely the measured 

concentrations of chrysin matched with its nominal 

concentrations. The narrow range of intra-day 

percentage difference values (Table 2) ranging from 
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-1.75% to + 1.21%, showed that the method was able 

to produce accurate results when analyses were 

carried out at three different time intervals in a day.  

The inter-day percentage difference (Table 

3), which ranges between -0.79% to +0.45%, 

demonstrated that the method produced accurate 

results during the three consecutive days of analysis.  

All accuracy values met acceptance requirements 

confirming that the developed UV-Visible 

spectrophotometric method provides accurate and 

dependable quantification of chrysin for routine 

analytical use. 

 

Table 2: Intra-day accuracy data of UV method for Chrysin 

Concentration 

Level 

Nominal Concentration 

(µg/mL) 

Mean Measured 

concentration 

% Difference 

 

LQC 

0.75 0.74 -0.00 

0.75 0.73 -1.75 

0.75 0.75 1.21 

MQC 5 4.99 -0.12 

5 5.04 0.96 

5 4.99 -0.11 

HQC 8.5 8.46 -0.47 

8.5 8.53 0.46 

8.5 8.49 -0.019 

 

Table 3: Inter day accuracy data of UV method for Chrysin 

Concentration 

Level 

Nominal Concentration 

(µg/mL) 

Mean Measured 

Concentration (µg/ml) 

% Difference 

 

LQC 

0.75 0.75 0.085 

0.75 0.75 0.10 

0.75 0.74 -0.79 

 

MQC 

5 5.01 0.28 

5 5.02 0.45 

5 5.00 0.16 

HQC 8.5 8.50 0.10 

8.5 8.49 -0.04 

8.5 8.49 -0.08 

 

3.3.3 Precision:  

Precision of the developed UV-Visible 

spectrophotometric method for chrysin was 

examined to establish its reproducibility during the 

analytical measurements. The study was performed 

using quality control standards (0.75, 5, and 8.5 

µg/mL) under both intra-day and inter-day 

conditions.  

The Intra-day %RSD values (Table 4) ranged 

from 0.43 to 1.85%, indicating good repeatability 

across different time intervals within the same day. 

Inter-day %RSD values (Table 5) in the range of 0.02 

to 1.14 % depicted the stable performance and 

reliable reproducibility of the proposed method over 

the predefined time period of three days. All 

precision results met the acceptance requirements, 

confirming that the method delivers dependable 

precision and is suitable for routine quantitative 

analysis of chrysin.  

  

Table 4: Intra-day precision data of the UV method for Chrysin 

 Morning Afternoon Evening 

Concentration 

Range (µg/mL) 

Mean SD %RSD Mean SD %RSD Mean SD %RSD 

0.75 0.75 0.00 1.01 0.75 0.01 1.42 0.74 0.01 1.85 

5 5.01 0.03 0.68 5.02 0.02 0.46 5.00 0.00 0.80 

8.5 8.50 0.03 0.43 8.49 0.03 0.43 8.49 0.00 0.64 
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Table 5: Inter-day precision data of the UV method for Chrysin 

 Day 1 Day 2 Day 3 

Concentration 

Range (µg/mL) 

Mean SD %RSD Mean SD %RSD Mean SD %RSD 

0.75 0.74 0.00 0.60 0.73 0.00 1.14 0.75 0.00 0.64 

5 4.99 0.00 0.07 5.04 0.00 0.17 4.99 0.00 0.11 

8.5 8.46 0.00 0.02 8.53 0.00 0.07 8.4 0.00 0.04 

 

3.3.4 Robustness:  

Robustness of the proposed method was 

evaluated by introducing a small, deliberate change 

in the diluent composition relative to the optimized 

ratio. When the acetonitrile-water mixture was 

adjusted to the 23:77 and 27:73 (v/v), %RSD values 

of the measured concentrations were found to be 

within the range of (0.03 to 0.65%). The lower values 

of % RSD showed that minor solvent variations did 

not significantly affect the overall estimation results 

of the method. The result confirms that the method is 

robust and maintains reliable performance even if 

there are small changes in the analytical conditions.  

 

Table 6: Robustness data of the UV method for Chrysin 

Concentration (µg/mL) Acetonitrile: Water 

(V/V) 

Absorbance (Mean±S.D.) %RSD 

0.75 23:77 0.0988±0.0030 0.41 

5 23:77 0.5750±0.0018 0.03 

8.5 23:77 0.9813±0.0378 0.44 

0.75 27:73 0.0993±0.0046 0.65 

5 27:73 0.5769±0.0155 0.31 

8.5 27:73 0.9650±0.0196 0.23 

 

3.3.5 Limit of Detection (LOD) and Limit of 

Quantification (LOQ) 

The developed UV-Visible 

spectrophotometric method sensitivity was assessed 

in accordance with ICH Q2 (R2) guidelines. The 

limits of detection (LOD) and limit of quantification 

(LOQ) values of proposed method for chrysin were 

found to be 0.061µg/mL and 0.185µg/mL 

respectively, showing that the proposed method is 

sensitive enough for accurate detection and 

quantification of chrysin even at at its low possible 

concentrations. 

 

3.3.6 Estimation of chrysin in Passiflora edulis  

The proposed UV-visible 

spectrophotometric method for chrysin was 

successfully applied to evaluate the chrysin content 

in Passiflora edulis extract. The 95% ethanolic 

extract of Passiflora edulis showed presence of 0.394 

± 0.019 gm of chrysin per 100 gm of ethanolic extract 

when analysed using proposed UV-Visible 

spectrophotometric method. The estimation studies 

showed that proposed UV-Visible 

spectrophotometric method for chrysin is capable of 

estimating the chrysin with sufficient accuracy and 

precision and said method can be used for routine 

analysis of chrysin in near future.   

 

IV. CONCLUSION: 

A sensitive, accurate and precise yet robust 

UV-Visible spectrophotometric method was 

developed, validated and successfully used for the 

estimation of the chrysin in the 95% ethanolic 

extracts of Passiflora edulis. The sensitivity, 

accuracy and reproducibility of the proposed method 

make it suitable for routine quantitative analysis of 

chrysin in plant-derived samples. 
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