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ABSTRACT 

A simple, accurate and selective HPLC method was developed and validated for determination 

of quercetin and kaempferol, which are the main flavonols in broccoli. The separation was achieved on 

a reversed-phase C18 column using a mobile phase composed of methanol/water (60/40) and phosphoric 

acid 0.2% at a flow rate of 1.0 ml·min-1. The detection was carried out on a DAD detector at 370 nm. This 

method was validated according to the requirements for new methods, which include selectivity, linearity, 

precision, accuracy, limit of detection and limit of quantitation. The current method demonstrates good 

linearity, with R2 > 0.99. The recovery is within 98.07-102.15% and 97.92-101.83% for quercetin and 

kaempferol, respectively. The method is selective, in that quercetin and kaempferol are well separated from 

other compounds of broccoli with good resolution. The low limit of detection and limit of quantitation of 

quercetin and kaempferol enable the detection and quantitation of these flavonoids in broccoli at low con-

centrations.  
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INTRODUCTION 

 

Recognition of diet as a primary causative fac-

tor for cancer risk has directed much research atten-

tion toward the chemoprotective role of certain 

compounds in foods. Human diet offers a greater 

and more diverse group of plant bioactives than do 

drugs. People often do not realise that many drugs 

are derived from the compounds originally discov-

ered in plant foods.  

Recent epidemiological studies have indicated 

that an increased uptake of dietary Brassica vegeta-

bles in general, and broccoli in particular, may pro-

tect humans against cancer and cardiovascular dis-

eases (Manach et al. 2005, Rossi et al. 2007) be-

cause they are rich sources of glucosinolates, flavo-

noids, vitamins and mineral nutrients (Perez-Viz-

caino et al. 2006). 

Flavonoids are part of a large group of naturally 

occurring plant phenolics. They occur in plants 

mainly as glycosides – conjugates of several types of 

aglycones with carbohydrates. Flavonoids are partic-

ularly interesting as they are potent in vitro antioxi-

dants (Duthie & Crozier 2000, Pietta 2000), display 

free radical scavenging activity (Van Acker et al. 

1995), induce protective enzymes (Nijveldt et al. 

2001) and are thought to play key roles in many of 

the processes underlying vascular dysfunction and 

the development of atherosclerosis (Schroeter et al. 

2006). Antibacterial, antithrombotic, antinflamma-

tory and anticarcinogenic properties of flavonoid 

compounds have also been reported in many reviews 

(Erlund 2004, Middleton et al. 2000, Steinmetz 

& Potter 1996). The flavonoids in brassicas are pre-

sent as flavonols, a subgroup within the flavonoid 

family. The main flavonols in broccoli are 

kaempferol and quercetin, both of them exist as con-

jugated structures (Fig. 1). In general, their levels de-

pend on many factors including: cultivar (Vallejo et 

al. 2002), environmental pressures (Dixon & Paiva 

1995), post-harvest transport, handling and storage 

conditions (Vallejo et al. 2003).  
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Fig. 1. Structures of main flavonol aglycones found in the 

broccoli extracts 

 

The health benefits associated with consump-

tion of dietary flavonoids have led to an increased 

interest in the study of these vegetables and ana-

lytical techniques used to precisely determine fla-

vonoid contents. Conventional liquid extraction 

methods, e.g. water bath or ultrasonication, with 

aqueous methanol or acetonitrile have been 

widely used as simple and easy methods in anal-

ysis of flavonoids (Robards 2003). Extraction of 

flavonoid aglycones has most often been done by 

acid hydrolysis (Sellappan & Akoh 2002; Nuutila 

et al. 2002), but harsh extraction conditions should 

be avoided if intact flavonoid glycosides are de-

sired (de Rijke et al. 2006). Mostly, spectrophoto-

metric and chromatographic methods, and in par-

ticular high performance liquid chromatography 

(HPLC), have been used to determine the flavo-

noids contents (Gliszczyńska-Świgło et al. 2006, 

Roy et al. 2009). Price et al. (1998) used a com-

bination of degradative chemistry, HPLC with di-

ode array detection (DAD), mass spectrometry 

(MS) and nuclear magnetic resonance to investi-

gate the structures of five flavonol glycosides pre-

sent in broccoli. Koh et al. (2009) used HPLC to 

quantitatively determine the kaempferol and quer-

cetin content in 80 commercial broccoli samples. 

Following acid hydrolysis the kaempferol and 

quercetin levels were measured and ranged from 

2.4 to 132.0 and from 0.3 to 108.5 mg·kg-1 fresh 

weight, respectively. 

Users of every analytical method must make 

sure that the results obtained in their laboratory are fit 

for their purpose. This means that analytical require-

ments must be defined and values of the performance 

parameters assessed before they are used as the rou-

tine method in the laboratory. Therefore, analytical 

methods must be validated. The ISO/IEC 17025 

standard defines method validation as a ‘confirma-

tion with an examination and provision of objective 

evidences that the particular requirements for a spec-

ified use are met’. So the first thing to be done is to 

define these particular requirements that depend on 

the specific determination ahead. The validation 

should be sufficiently large in so far as it is necessary 

for a specific application. Note, however, that valida-

tion is always a compromise between cost, risk and 

technical capabilities. 

The aim of the study was validation of the 

HPLC method for flavonols analysis based on the 

procedure described by Patil et al. (1995) and Hor-

bowicz (1999). The method was modified for the 

determination of flavonols in broccoli. If a method 

is modified or applied to a new situation (e.g. differ-

ent sample matrix), revalidation or verification 

would be required depending on the extent of the 

modification and the nature of new situation. No ac-

tion is required where a modification is only small, 

for example when a chromatographic column is 

changed for another of the same type.  

 

MATERIALS AND METHODS 

 

Plant material and chemicals  

The analytical standards of quercetin and 

kaempferol were purchased from Sigma-Aldrich 

(Germany), methanol HPLC, orthophosphoric acid 

85% pure p.a. and hydrochloric acid 35-38% pure 

p.a. were purchased from Chempur (Poland). Fresh 

broccoli (Brassica oleracea L. var. italica Plenck, 

cvs Grand Prix and Kuba) heads delivered by PRI-

MAVEGA – Group of Vegetable Growers company 

were stored at 4 °C and used within 24 h. Heads of 

broccoli, about 300-400 g each, were selected for 

absence of visual defects and uniform colour and 

separated in single florets using a sharp knife. 

A stock solution of kaempferol and quercetin was 

prepared by dissolving an appropriate amount of 

each compound in 100% MeOH. From the stock 

 R1 R2 

Quercetin H OH 

Kaempferol H H 

R1 

R2 
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solution, phenolic standards in the range of 0.3-

43.0 ppm were prepared in 60% MeOH. 

Extraction and isolation of phenolic compounds 

After preparation, broccoli florets (2 cm 

diam.) were packaged into PE bags and air-frozen 

at temperature -25 °C. Samples of broccoli before 

flavonoid analysis were lyophilised and homoge-

nised. A 200 mg portions were taken to analyses. 

Glycoside forms of flavonoids were extracted from 

broccoli with 8 ml 62.5% aqueous methanol in an 

ultrasonic bath for 20 min. Extracted glycosides 

were subjected to hydrolysis in 2 ml 2 M HCl. Hy-

drolysis conditions were following: temperature 

90 °C and time 30 min. The hydrolysed sample was 

cooled to room temperature, made up to 20 ml with 

methanol and sonicated for 5 min. The extract was 

filtered through 0.5 μm disposable filters (Supelco 

Analytical). 100 µl of clear supernatants were 

taken to analysis. 

Chromatographic conditions and apparatus 

Flavonoids were separated and quantified us-

ing an Agilent Technologies 1200 Series HPLC 

equipped with a diode array detector DAD G1315B. 

Chromatographic conditions were developed as fol-

lows. The optimised separation method using 

Zorbax Eclipse XDB-C18 column (4.6 × 150 mm, 

5 μm particle size, Agilent, Palo Alto, CA, USA) to 

identify kaempferol and quercetin. The mobile 

phase consisted of a mixture of methanol-water 

(60 : 40) acidified with 0.2% of orthophosphoric 

acid, filtered and degassed by suction-filtration 

through a nylon membrane, in isocratic flow. The 

HPLC system was operated at flow-rate of 

1 ml·min-1 and temperature of the column was set 

at 25 °C. The sample injection volume was 20 μl 

and the flavonoids were detected at 370 nm. The 

separated flavonoid peaks were identified by com-

paring with the retention time of individual stand-

ards peaks.  

Optimisation of acid hydrolysis 

The acid hydrolysis is a commonly used 

method for the conversion of glycosides to agly-

cones. It is a simple, rapid and cost-effective 

method. Hertog et al. (1992) determined the flavo-

noid contents in a range of fruit and vegetables af-

ter acid hydrolysis under different conditions of 

acid concentrations and reaction times. The study 

demonstrated that optimal hydrolysis conditions 

varied for each food sample and hydrolysis con-

ditions must be tailored to suit individual foods. 

The concentration of HCl, hydrolysis time and 

temperature were investigated to obtain the flavo-

noids aglycones. The phenolic extracts of broc-

coli were subjected to hydrolysis by HCl of 1, 2, 

3, 4 and 5 M at 90 °C for 30 min. The hydrolysed 

samples were cooled, filtered and subjected to 

HPLC analysis. Similarly, 8 ml of extract solution 

was hydrolysed with 2 ml 2 M HCl at different 

temperatures (80, 90 and 100 °C) for 30 min. The 

extract (8 ml) was also hydrolysed with 2 ml of 

2 M HCl at 90 °C for different times (15, 30, 60 

and 120 min). The effect of antioxidant was also 

tested. Ascorbic acid was added prior to hydroly-

sis at concentrations of 4, 8 and 12 mg. 

Optimisation of the chromatographic conditions 

Before selecting the conditions for the opti-

misation, a number of preliminary trials were con-

ducted with different ratios of solvents, flow rate 

and working temperatures in order to check the re-

tention time, peaks shape and other chromato-

graphic parameters. The effectiveness of the HPLC 

method was tested using standard solutions of 

quercetin and kaempferol. Water and methanol 

mixtures are most often chosen as an eluant, but 

acetonitrile, ethanol and formic acid are also re-

ported. Water and methanol were selected for the 

developed method. Different concentration of this 

solvent and temperatures of column were subse-

quently tested to achieve the best resolution of ex-

amined analytes.  

Method validation  

A validation study was carried out to demon-

strate the applicability of this analytical approach. Val-

idation comprised the assessment of specificity/selec-

tivity, linearity, recovery, precision and the limits of 

detection (LODs) and quantification (LOQs).  

The International Conference on Harmonisa-

tion of Technical Requirements for Registration of 

Pharmaceuticals for Human Use (ICH) defines 

specificity as ‘the ability to assess unequivocally 

the analyte in the presence of components which 

may be expected to be present. Typically this might 
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include impurities, degradants, matrix, etc. The 

other reputable authorities such as International 

Union of Pure and Applied Chemistry (IUPAC) 

and AOAC INTERNATIONAL use the term ‘se-

lectivity’ for the same meaning. This reserves the 

use of ‘specific’ for those procedures that produce 

a response for a single analyte only. Specificity in 

liquid chromatography is obtained by choosing 

optimal columns and setting chromatographic 

conditions such as mobile phase composition, 

column temperature and detector wavelength. Be-

sides chromatographic separation, the sample 

preparation step can also be optimised for best se-

lectivity. 

The specificity of our method was evaluated 

through the analysis of samples spiked with each 

flavonoid standard separately, and of samples 

spiked with a mixture of quercetin and 

kaempferol standards. The specificity of the vali-

dated method has been already determined during 

optimisation of the analyte determination condi-

tions where the para-meters selection has been 

carried out in such a way that the components sep-

aration was the best, and the influence of interfer-

ing factors was the lowest.  

To evaluate the linearity of the method, the 

calibration curves were plotted by peak area versus 

concentration of each flavonoid. To prepare the 

standard solutions, quercetin (0.31, 0.63, 1.25, 2.5, 

5.0, 10.0, 12.5 and 25.0 μg·ml-1) and kaempferol 

(0.27, 0.54, 1.08, 2.15, 4.3, 10.8, 21.6 and 

43.2 μg·ml-1) were dissolved in methanol. The lin-

ear regression equations were calculated as 

y = ax ± b, where x was concentration and y was 

the peak areas of each flavonoid. The acceptance 

criterion for linearity is that the correlation coeffi-

cient (R2) should not be less than 0.990 over the 

working range 80-120% (Australian Pesticides and 

Veterinary Medicines Authority – APVMA, 2004; 

ICH 2005). Limits of detection (LODs) and quanti-

fication (LOQs) were determined based on the 

standard deviation of the response and the slope, us-

ing the calibration curve data. Analysis was per-

formed in triplicate.  

Accuracy was evaluated by determining the 

method recovery. According to APVMA the accu-

racy should cover at least three concentrations (80, 

100 and 120%) in the expected range. The mean 

percentage of recovery should be within the fol-

lowing ranges. 
 

Table 1. Expected recovery as a function of analyte con-

centration 

 

Active/impurity 

content (%) 

Acceptable mean 

recovery (%) 

≥10.0 

≥1.0 

0.1–1.0 

<0.1 

98–102 

90–110 

80–120 

75–125 

 

The accuracy experiments were performed ap-

plying the method to quantify quercetin and 

kaempferol. Analysed samples were spiked with 

known amounts of flavonoid standards. Three dif-

ferent amounts of quercetin (285.00, 355.00 and 

430.00 μg) and kaempferol (225.00, 280.00 and 

335.00 μg) were added to broccoli samples. The 

mixture was hydrolysed as mentioned above and in-

jected into HPLC. The percent recovery of each fla-

vonoid from spiked samples was calculated as fol-

lows: 

% Recovery = (Amount of flavonoid after 

spiking × 100)/(Original concentration 

of flavonoid + spiked amount) 

% RSD = (Standard deviation of flavonoid 

× 100)/(Average content of flavonoid) 

The precision of the intra- and inter-day was evalu-

ated by the repeated injection. The intra-day ex-

periment was obtained by six replicates for a day, 

and the inter-day was determined by six injections 

for 3 days for the peak area. The precision was ex-

pressed as relative standard deviation (RSD, %). 

The following levels of precision are recom-

mended by APVMA. 

 

Table 2. Expected precision as a function of analyte con-

centration 

 

Component measured in 

sample (%) 
Precision (%) 

≥10.0 

1.0–10.0 

0.1–1.0 

<0.1 

≤2 

≤5 

≤10 

≤20 
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RESULTS AND DISCUSSION 

 

Optimisation of acid hydrolysis 

The hydrolysis of flavonoid glycosides needs 

optimisation of the hydrochloric acid concentra-

tion, hydrolysis time and temperature. The extract 

was hydrolysed with various concentrations of HCl 

(Fig. 2A). The quercetin and kaempferol content 

was the highest at hydrolysis with 2M HCl and de-

creased in the order of acid 3 > 4 > 1 > 5 M HCl. 

Moreover, the efficient hydrolysis time was inves-

tigated (Fig. 2B). The highest content of quercetin 

and kaempferol was found after 30 min of hydrol-

ysis. The levels of quercetin and kaempferol were 

higher at 90 °C than 80 and 100 °C (Fig. 2C). On 

the basis of the above results, we have used 2M 

HCl, at 90 °C for 30 min for the quantification of 

flavonoids in broccoli. Higher concentration of 

HCl and reaction temperature, as well as longer hy-

drolysis time tended to result in a decrease of fla-

vonoids content.  

Degradation of quercetin, due to increasing re-

action time, has also been reported by Hertog et al. 

(1992). It has not determined the necessity for the 

use of antioxidants in each case. There was no sig-

nificant effect of 4, 8 and 12 mg of ascorbic acid 

application on flavonoids content in broccoli sam-

ples. In recent years, some new methods of flavo-

noids hydrolysis have been developed, e.g. enzy-

matic hydrolysis. However, enzymatic hydrolysis 

requires longer times, from 16 h to several days. 

Acid hydrolysis method, which have been used for 

many decades are not time consuming.  

Optimisation of the HPLC method 

In order to investigate the effect of three 

HPLC variables (i.e. mobile phase, temperature 

and flow rate) on the detection value of flavonoids 

from broccoli isocratic elution was chosen. The 

mobile phase composition with different ratio of 

MeOH/H2O, temperature and flow rate was tested 

and the results were compared. Methanol was 

used as an organic modifier of the mobile phase 

in the chromatographic system, while no separa-

tion of quercetin was achieved when using ace-

tonitrile, in accordance with the method reported 

by Hertog et al. (1992). 

The peak area of quercetin and kaempferol was 

considered as response variables in this optimisa-

tion study. The ratio of solvents was as follows: 

MeOH/H2O 50 : 50, 55 : 45, 60 : 40 and 70 : 30. The 

differences between retention times of quercetin 

and kaempferol were marked with changes of vol-

ume of methanol in the solution. 

 

 

 

 
 
Fig. 2. Conversion of flavonoid glycosides to aglycones 

using different concentration of hydrochloric acid (A), 

hydrolysis time (B) and temperature (C). The values on 

Y1-axis correspond to kaempferol content and the values 

on Y2-axis correspond to quercetin content 
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The decreasing ratio of methanol in the mobile 

phase evoked prolongation of the retention times of 

quercetin and kaempferol (from Rt = 4.3 min at 70% 

MeOH to Rt = 9.5 min at 50% MeOH for querce-tin 

and from Rt = 6.8 min at 70% MeOH to 

Rt = 15.9 min at 50% MeOH for kaempferol). One 

serious problem in the separation of flavonoids was 

peak tailing, which has been connected with disso-

ciation of the hydroxyl groups. The presence of acid 

in a mobile phase can prevent this effect by chang-

ing the pH, hence improving peak symmetry of an-

alytes (Zu et al. 2006). The influence of different 

concentrations of orthophosphoric acid in the mo-

bile phase and in the standard solution was tested. 

The solutions containing 0.1, 0.2 and 0.5% of ortho-

phosphoric acid were studied. The best results were 

achieved with mobile phase MeOH/H2O 60 : 40 

containing 0.2% of orthophosphoric acid. The 

methanol–water isocratic system containing 0.2% 

orthophosphoric acid resulted in the best separation 

at a flow rate of 1 ml min-1 and temperature of col-

umn of 25 °C. Under the conditions adopted, quer-

cetin and kaempferol were fully separated after 

8 min with good shaped peaks. Retention times for 

quercetin and kaempferol in samples were 

4.834 ± 0.009 min and 7.721 ± 0.011 min, respec-

tively. Quercetin and kaempferol showed lower re-

tention times than those generally reported in the lit-

erature (Merken & Beecher 2000, Schieber et al. 

2001, Sousa de Brito et al. 2007). 

Method validation  

After optimisation of the acid hydrolysis and the 

chromatographic conditions, the method was vali-

dated in terms of specificity/selectivity, linearity, re-

covery, precision and limits of detection (LODs) and 

quantification (LOQs). A validation study was car-

ried out to demonstrate the method’s performance. 

The specificity of the method was evaluated by 

spiking the same broccoli samples with each of 

eight increasing concentrations of standard solu-

tions within the concentration range, in duplicate. 

The system response was examined through 

the presence of interference with the quercetin or 

kaempferol responses. The specificity of the ana-

lytical approach was confirmed because no inter-

ferences were demonstrated by using HPLC as de-

scribed above. No other significant peaks with 

a signal-to-noise ratio of three or more were ob-

served at the specific retention times of the quer-

cetin and kaempferol, suggesting a high specificity 

of the analytical method. Acceptance criteria for test 

specificity have been met. Furthermore, the method 

presents a linear response between added concentra-

tion and peak area for these compounds; therefore it 

should be considered specific. Representative chro-

matograms of mixture of quercetin and kaempferol 

standards and broccoli sample are shown in Fig. 3. 

Table 3 shows the data from the calibration 

curves for quercetin and kaempferol fitted by plot-

ting concentration versus the corresponding mean 

peak area. The linearity was tested with eight differ-

ent concentrations according to the expected levels 

in broccoli samples, over the range of 0.31-

25.00 μg·ml-1 and 0.27-43.2 μg·ml-1 for quercetin 

and kaempferol, respectively. Satisfactory linearity 

was detected for both flavonoids in over the range. 

The least square regression showed excellent corre-

lation, higher than 0.99, which is considered highly 

significant for the method. 
 

Table 3. Linearity, limits of detection, limits of quantification 

 

 Quercetin Kaempferol 

Concentra-

tion range 
0.31–25 μg·ml-1 0.27–43.2 μg·ml-1 

Equation y = 84.679x+18.403 y = 101.430x+10.804 

R2 0.9979 0.9995 

LOD 0.0389 0.0325 

LOQ 0.1178 0.0985 

 

The calculations for the limits of detection 

(LOD) were based on standard deviation of y-inter-

cepts of the regression lines (SD) and the slope (S), 

using the equation LOD = 3.3 (SD/S). Limits of 

quantification (LOQ) were calculated by the equa-

tion LOQ = 10 (SD/S). The obtained values for 

LOD and LOQ are given in Table 3. The values re-

main quite similar for both quercetin and 

kaempferol. These values were lower to those re-

ported by other authors, working with conventional 

RP C18 columns and diode-array detection (Merken 

& Beecher 2000, Rodríguez-Delgado et al. 2001). 

Moreover, sensitivity was better than those found 

by Repollés et al. (2006), who worked with the 

monolithic column and ternary gradient elution.  
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Fig. 3. Representative HPLC chromatograms of (A) stand-

ard solutions; (B) real sample of broccoli 

 

The accuracy of the method was assessed by 

performing the recovery study. It was conducted by 

adding known amount of flavonoid standards. 

 

The recovery was 98.07-102.15% for querce-

tin and 97.92-101.83% for kaempferol (Table 4). 

The relative standard deviation (RSD) determines 

the precision and stability of the methods. The per-

centage of RSD of the average recovery was 0.94% 

for quercetin and 1.07% for kaempferol. 

For the instrumental precision, intra-day (on 

the same day) and inter-day (on the three different 

days) precision was determined. The intra-day ex-

periment was obtained by three replicates for a day, 

and the inter-day was determined by three injections 

for 3 days for the peak area. The precision was ex-

pressed as relative standard deviation (RSD, %). 

The intra- and inter-day precisions presented RSD 

values lower than 2% for both quercetin and 

kaempferol, which were considered satisfactory for 

the purpose of the analysis.  

Recently, reports suggesting beneficial nutri-

tional and physiological effects of flavonoids have 

increased interest in vegetables as an important 

source of bioactive plant phenolics. It seems clear 

that there is no single suitable method for hydrolysis 

and analysis of flavonoids from any plant material. 

Different plant materials contain different flavonoids 

in different forms, resulting in variable susceptibility 

to degradation. For the samples used in this study, 

the 30 min refluxing at 90 °C with 2M HCl gave the 

best results, however this method would probably 

not be suitable for vegetables, which have high con-

centrations of thermolabile compounds. The vali-

dated method reported here represents a simple and 

rapid technique for simultaneous determination of 

two flavonol aglycones. This method is also accu-

rate, where the percentage of recovery is within 

98.07-102.15% and 97.92-101.83% for quercetin 

and kaempferol, respectively. The precision of the 

method is confirmed by the low RSD of replicate 

injections of quercetin and kaempferol. The method 

shows a good separation of quercetin and 

kaempferol from other compounds in broccoli sam-

ple with a good resolution. Low LOD and LOQ of 

quercetin and kaempferol enable the detection and 

quantitation of these flavonoids in broccoli at low 

concentrations. In conclusion, this paper shows 

a useful method to estimate, accurately and pre-

cisely, both quercetin and kaempferol in broccoli. 

 

Quercetin 

Kaempferol 

A 

Kaempferol 
Quercetin 
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Table 4. Recovery study of quercetin and kaempferol from broccoli (n=3) 

 

Flavonoids 
Quantity 

in sample (μg) 
SD 

Standard 

added 

(μg) 

Recovery (μg) Recovery 

(%) 
RSD (%) 

Expected Actual SD 

Quercetin 

356.70 4.20 285.00 641.70 629.32 7.86 98.07 1.24 

356.70 4.20 355.00 711.70 702.87 5.03 98.80 0.71 

356.70 4.20 430.00 786.70 803.64 6.99 102.15 0.87 

Kaempferol 

279.50 2.37 225.00 504.50 494.00 5.09 97.92 1.03 

279.50 2.37 280.00 559.50 569.74 5.82 101.83 1.02 

279.50 2.37 335.00 614.50 608.50 7.12 99.02 1.17 

 

Table 5. Intra- and inter-day precision of HPLC assay of quercetin and kaempferol 

 

Concentration 

μg·ml-1 

Day 1 peak area 

(mV s) 

Day 2 peak area 

(mV s) 

Day 3 peak area 

(mV s) 

Intra-day RSD 

% 

Inter-day RSD 

% 

Quercetin      

1.25 220.5 223.04 219.02 0.47 0.92 

2.50 440 435.33 429.52 0.38 1.21 

5.00 943 933.98 924.66 0.79 0.98 

10.00 1081 1064.57 1051.61 1.02 1.38 

Kaempferol      

1.08 113.88 110.37 109.85 0.36 1.97 

2.15 220.88 217.86 214.74 0.57 1.41 

4.30 447.37 439.35 441 0.62 0.96 

10.80 1102.20 1081.64 1112.78 0.51 1.44 
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