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ABSTRACT: Cabbage is an important vegetable crop of the Brassicaceae 

family consumed all over the world and regularly used in our day to day life. It 

contains potentially health-promoting flavonoid compounds such as quercetin. 

Flavonoids are secondary plant metabolites that are synthesized via the 

shikimate pathway. In this study, extraction yield of quercetin from cabbage by 

application of ultrasound-assisted extraction (UAE) was studied with three 

different methanol: water mixture ratios; 40:60, 60:40 and 80:20, (v/v) for 30, 40 

and 60 min. Effect of ultrasound was observed, and the presence of methanol in 

the solvent also improved greatly the extraction process. High-Performance 

Liquid Chromatography (HPLC) has been an important tool for the separation of 

these metabolites in the last 4 decades. Quercetin contents of the samples were 

determined by HPLC method. It was determined that the most efficient 

application for extracting samples under sonication by 60:40 methanol/water 

(v/v) at 30 °C for a 40 min run (1378. 9 μg/mL). 

INTRODUCTION: The Chinese cabbage 

(Brassica rapa var. pekinensis) is one of the most 

important vegetables in the B. rapa (campestris) 

(2n = 20) group and is a native of China. Because 

of the high content of flavonoids, it is also 

important for health benefits. It is believed to have 

originated by the natural crossing of ‘Pak choi’ and 

‘turnip.’ Based on the head type, Chinese cabbage 

is available in different forms. Also, this vegetable 

became more popular due to the richness in 

phytochemicals such as polyphenolics, 

glucosinolates, carotenoids, and vitamin C that 

have shown antioxidant, anticancer 
1
, and potential 

anti-obesity properties 
2
. 
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Quercetin Fig. 1 is the most common component in 

Chinese cabbage, but many other compounds can 

also influence the final quality of quercetin for its 

characterization. 

 
FIG. 1: STRUCTURE OF QUERCETIN 

In recent years, several analytical methods have 

been reported to obtain such valuable natural 

compounds from plants for commercialization, 

including supercritical fluid extraction 
3
, 

ultrasound-assisted extraction 
4
, microwave 

assisted extraction 
5
, and solid phase extraction 

6
.  
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It has few advantages like shortening the extraction 

time, less solvent consumption, high extraction 

yield, and also enhances the quality of extracts. In 

ultrasonic applications, sound waves are generating 

at frequencies greater than human hearing range, 

can alter the materials both in physical and 

chemical ways applying sponge effect and 

cavitations 
7
. This technique is efficient with lower 

liquid-solid ratios by increasing the mass transfer 

rate. These effects enhance solvent penetration in 

solid and cease the release of extracts by destroying 

the solid matrix. Implosions of cavitation bubbles 

generate high pressure and temperature and enough 

to obtain sufficient reaction energy 
8
. Ultrasonic 

assistance has also been used successfully in some 

process of the food industry like emulsification, 

crystallization, filtration, separation, de-foaming, 

extrusion, fermentation, and microbial inhibition 
9-

11
, etc. Table 1 shows the contents of major 

flavonols in fruits and vegetables 
12

. The quercetin 

content in the different fruits and vegetables varied 

greatly. The data indicate that the significant 

amount of quercetin present in cabbage, as major 

flavonols. Quercetin is a naturally available 

antioxidant and various health benefits. On looking 

this importance of cabbage and benefit of 

ultrasound, the present work is aimed at exploring 

the effect of water/ methanol composition and 

ultrasound radiation time during the extraction of 

quercetin from cabbage; develop and validate a 

simple HPLC method for analysis of quercetin in 

the cabbage. 

TABLE 1: CONTENTS OF MAJOR FLAVONOLS IN FRUITS AND VEGETABLES 

Fruit/Vegetable Major Flavonol Content (mg/100g fresh weight) 

Kaempferol Myricetin Quercetin 

Apple (Fuji) 0.01 0—0.03 0—4.91 

Beans 8.00—44.37 - 0—0.01 

Beets 0 0 0—0.67 

Broccoli 0.70—9.15 0—0.03 0—13.70 
Brussel sprouts 0.74—1.28 0 0—0.60 

Chinese Cabbage 0.01—16.30 0—0.10 0—39.00 

Carrots 0—0.60 0—0.40 0—1.50 

Cauliflower 0—1.25 0 0—3.90 

Cowpeas 1.92 2.60 17.22 

Cucumber (with peel) 0 0—0.33 0 

Dates - 0 0—2.40 

Egg plant 0.01 0.03 0 

Garlic Chives 2.12 - 0.12 

Grapes (black) 0 0.45 1.26—3.70 

Grapes (red) 0—0.01 0—0.03 0—3.98 
Grapes (white) 0 0—0.45 0.20—3.87 

Kiwifruit 0 0 0 

Lemons 0 0 0—3.47 

Lettuce 0—0.04 0 0—14.56 

Mangos 0.01 0.03 0 

Onions (raw) 0—1 0—0.03 1.50—118.70 

Onion (red) 0—4.50 0—3.80 0—191.70 

Oranges (all varieties) 0—0.01 0—0.03 0—0.90 

Pear (raw) 0 0 0—20.50 

Pepper (green, hot chilli) 0 1.20 10.50—21.02 

Pepper (yellow) 0 0 28.83—78.38 
Potato (flesh & skin) 0—0.05 0 0—3.41 

Raspberries (raw) 0—0.66 0 0—4.58 

Spinach (raw) 0—55 0—0.04 0—27.22 

Strawberries (raw) 0—1.61 0—0.03 0—3.20 

Tomato (cherry) 0—0.27 - 0.17—20.30 

Watercress 1—1.50 0.20 4—8.30 
 

MATERIALS AND METHODS: 

Preparation of Standard Solution of Quercetin: 

A 200, 400, 500 and 800 μgmL
-1 

standard solutions 

of quercetin were prepared by transferring 2 mg, 4 

mg and 5 mg of accurate weight quercetin to 10 ml 

volumetric flask, added with 10 ml of methanol. 

These standard solutions were stored in dark and 

cold places until using. All the reagents used in the 
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method of analytical HPLC grade purity were 

purchased from commercial sources. Standard 

quercetin was supplied from Sigma Aldrich, USA. 

Extraction of Quercetin: It was performed under 

sonication using an ultrasonic cleaning bath, 

Bransonic Ultrasonic Corporation; model no 

5510E-DTH (with a frequency of 42 kHz and a 

nominal power 135 W). 2 g accurately weighed of 

fresh cabbage were finely chopped, and mixed with 

20 ml of methanol: water (40:60, 60:40, 80:20 v: v) 

mixture. The mixture was homogenized in a high-

speed blender for 1 min and transferred to a 50 ml 

flask. Quercetin present in the sample was 

extracted for different time intervals, i.e. - 20, 30 

and 40 min in an ultrasonic cleaning bath at 30 °C. 

The sample was cooled and centrifuged at 5000 

rpm for 10 min. This procedure was repeated twice 

and collected supernatants were kept for analysis of 

quercetin. 

Chromatographic Determination of Quercetin: 

The chromatography system consisted of the 

Agilent 1100 HPLC system (Agilent Technologies, 

Palo Alto, CA, USA) with a quaternary pump, an 

autosampler, and a diode array detector. The 

system was controlled via the use of Chemstation 

software (Agilent Technologies, Palo Alto, CA, 

USA). A sample of 20 µL was injected into an 

Agilent Eclipse Zorbax XDB column (250 x 4.6 

mm, particle size 5 µm) coupled with a C18-type 

guard column (Phenomenex, Torrance, CA, USA). 

The flow rate was set to 1 mL min
-1

. The solvents 

used for gradient elution were water containing 

0.2% TFA in water (A) and 100 % methanol (B). 

The elution program was as follows: 0 min, 7 % 

(v/v) of solvent B; 0–8 min, 7%; 8–20 min, 7–15%; 

20–35 min, 15-65%; 35–40 min, 65-80%; 40–45 

min, 80-7%. Chromatograms were recorded at a 

wavelength of 270 nm.  

RESULTS AND DISCUSSION: 

HPLC Method: The present study was aimed to 

develop an accurate HPLC method for the analysis 

of quercetin in Chinese cabbage extract at 1 mL 

min
-1

 flow rate with methanol/ water as the best 

mobile phase and C18 column (250 × 4.6 mm, 

particle size 5 µm) at 270 nm optimum wavelength 

detection.  These parameters and analysis condition 

were used throughout the analysis. The two 

common solvents generally used as mobile phase in 

flavonoid analysis are acetonitrile and methanol, 

and their UV cutoff λmax is 190 and 205 nm, 

respectively. They do not interfere with the two 

UV–VIS absorption bands at 240–285 nm and 

300–560 nm corresponding to two aromatic rings 

(A and B) of the flavonoid aglycones. The 

chromatography peak, which obtained for this 

system with the retention times, Rt was determined 

as 34.203 min for quercetin, Fig. 2a. To calculate 

the quercetin percentage, calibration graphs for 

quercetin were constructed by plotting the area of 

the quercetin peak against the quercetin 

concentration at three concentration levels (100 – 

500 mg/L).  

A good linear relationship (correlation coefficient 

(R
2
) > 0.998) was observed between the 

concentration of quercetin and the respective peak 

area. Standards for each concentration level were 

analyzed in triplicate. The equation obtained from 

the calibration graph was: y = 5.5684x – 645.3, R
2
 

= 0.9987, (where y is peak area, and x is the 

concentration of quercetin) quercetin concentration 

(μg/mL) Fig. 2b. 

  
FIG. 2: HPLC CHROMATOGRAM (A) AND CALIBRATION CURVE (B) FOR STANDARD QUERCETIN AT 270 nm

A B 
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HPLC method precision and accuracy can often be 

enhanced by using appropriate internal standard, 

which also serves to correct for fluctuation in the 

detector response. To extract quercetin from 

cabbage, different concentration of methanol was 

used under sonication, and quantification of 

quercetin content validated by the proposed HPLC 

method. The typical chromatogram was obtained 

from different concentration of methanol, Fig. 4. 

The results obtained for the analysis of quercetin 

for each sample by HPLC method showed 60% 

methanol concentration can be used with high 

efficiency. The HPLC method was simple, rapid, 

and accurate so that it can be used for the 

determination of quercetin. 

 

  
FIG. 3: HPLC CHROMATOGRAM OF CABBAGE EXTRACT AT (A) 40 %, (B) 80 % AND (C) 60 % METHANOL 

UNDER SONICATION FOR 40 MIN, Rt OF QUERCETIN IS 34.203, λ = 270 nm 

Effect of Methanol Concentration and   

Sonication Time on Quercetin: Increases in 

sonication time and solvent mixture, the amount of 

quercetin 1
st
 increases, then decreases with 

optimum conditions at 60% methanol and 40 

minutes (1378. 9 μg/mL), Fig. 3. It showed that 60 

% methanol concentration penetrate the cell wall of 

cabbage efficiently and solubilize the maximum 

amount of quercetin. Increases in sonication time 

had a negative effect on the quercetin extraction 

because of the decomposition of quercetin to 3, 4-

dihydroxyphenyl acetic acid and then 3-

hydroxyphenylacatic acid as mechanism 
12

 shown 

in Fig. 5. 

 
FIG. 4: GRAPH SHOWING THE DIFFERENT METHANOL 

CONCENTRATION AT DIFFERENT SONICATION TIME 

A 

B C 



Kumar et al., IJPSR, 2014; Vol. 5(9): 3779-3783.                                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3783 

 
FIG. 5: EFFECT OF SONICATION TO QUERCETIN 

CONCLUSION: In conclusion, quercetin can be 

extracted safely from solid cabbage using 

sonication. There is no increase in quercetin 

content with an increase by sonication time. 

Increasing sonication may affect the bioactivity of 

quercetin. Ultrasound-assisted extraction showed 

the efficient and eco-friendly way for extraction 

and may apply successfully to different fruits and 

vegetable to extract quercetin and its glucosides.  
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