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Abstract 

Quercetin is a bioactive compound that has many beneficial effects on human health. Due 

to a lack of information about quercetin and quercetin derivatives in the Vietnam shallot, 

this work aimed to identify the quercetin family in shallot skin and flesh by liquid 

chromatography-mass spectrometry. Effect of extraction method (conventional solvent 

extraction and ultrasound-assisted extraction), including ethanol concentration (40–80%) 

and extraction time (15 to 60 mins) on the yield of quercetin were also investigated in this 

study. Quercetin, quercetin-glucoside and methylated-quercetin-hexose were commonly 

found in the extract of shallot flesh and skin. A very small amount of quercetin aglycone 

(0.7%) was found in flesh extract, while it was the most abundant in the skin sample 

(46.3%). The high content of quercetin-mono-glycoside was obtained in shallot extract 

(43.8% and 35.3% in the shallot flesh and skin, respectively). The flesh extract also 

contained high level of quercetin-di-glucoside (38.9%). About 14-16% of methylated-

quercetin (-glucoside) were found in shallot bulb (both skin and flesh). It was found that 

ethanol concentration and extraction time directly affected on the quercetin extraction 

yield. The highest quercetin content was obtained in the sample which was extracted in 

60% ethanol in combination with ultrasound-assisted extraction for 15 to 45 mins. The 

ultrasound-assisted extraction method improved quercetin yield by 13.38-15.64% and 

49.46-56.88% for shallot skin and flesh compared to conventional solvent extraction. This 

study proved that ultrasound-assisted extraction could successfully be used for extraction 

of quercetin from shallot (both skin and flesh). 

1. Introduction 

Shallot (Allium ascalonicum) commonly used in 

many Asian diets for thousands of years. It has been used 

in both culinary purposes and therapeutic benefits. In 

Vietnam, shallot was cultivated in Soc Trang province 

for over hundred years. Grown in specific weather 

conditions, the shallots have a specific shade of red, 

equal segments and special taste. Shallot contains high 

amounts of bioactive compounds such as organo-sulphur 

compounds, polyphenols and selenium (Leelarungrayub 

et al., 2006) and considerable amounts of flavonoids 

(Zhao et al., 2007). The high concentration of quercetin 

in shallot was also reported (Nair et al., 2002).  

Different bound forms of quercetin, including sugar, 

phenolic acid and alcohol, were found in the plant 

materials (Walle, 2004; Wiczkowski and Piskuła, 2004). 

In food, most of quercetin conjugated to sugar molecules 

by glycosidic linkage (Kaşıkcı et al., 2016). There were 

5 quercetin derivatives that were found in flesh and skin 

of shallot extract (quercetin-3,4′-O-bis-β-glucoside, 

quercetin-3-O-β-glucoside, quercetin-4′-O-β-glucoside, 

isorhamnetin-4′-O-β-glucoside, and quercetin aglycone 

(Wiczkowski et al., 2008). It was reported that 83% of 

total quercetinin a free form was found in the dried skin, 

whereas the major form of quercetin in shallot flesh was 

quercetin glucosides (>99%), mainly by quercetin-3,4′-O

-bis-b-glucoside and quercetin-4′-O-b-glucoside. The 

number of sugar molecule that attached to quercetin 

strongly impacted on the polarity and molecule size, 

resulting in difference its bioavailability (Lee and 

Mitchell, 2012). Pure quercetin had low solubility in 

water (Rothwell et al., 2005), the glycosidic linkage was 

broken in the small intestine and releasing the 

quercetinaglycone. The absorption rate of quercetin 

aglycone by passive absorption was reported from 65 to 

81% (Walle et al., 2000). However, a great 

bioavailability of quercetin-monoglucoside from onion 
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was observed (Hollman et al., 1995). It was 

hypothesized that the Na+-dependent glucose 

cotransporter (SGLT1) was involved in this mechanism 

(Hollman et al., 1999). Therefore, the structure of 

quercetin in food was a critical factor in their 

bioavailability (Materska, 2008; Kaşıkcı et al., 2016). 

During the processing of shallots, the outer dried 

leaves are removed. Shallot skin is a source of phenolic 

compounds, which has a high content of quercetin and 

strong antioxidant (Choi et al., 2015).  Since the shallot/

onions and their skins are a good source of various 

bioactive compounds, extraction procedures of quercetin 

and its glycosides from these plant materials were 

intensively developed and optimized (Jang et al., 2013; 

Katsampa et al., 2015).  

There are many techniques commonly used for 

quercetin extraction from plant materials, such as 

conventional solvent extraction (Wach et al., 2005), 

ultrasound-assisted extraction (Jang et al., 2013), 

supercritical fluid extraction (Martino and Guyer, 2004) 

and microwave-assisted extraction (Kumar et al., 2014). 

The most suitable solvents are aqueous mixtures 

containing ethanol, methanol, acetone, and ethyl acetate. 

Among them, ethanol has been known as a good and safe 

solvent for polyphenol extraction and for human 

consumption.  

The main benefits of an ultrasound-assisted extract 

are the breakdown of the cell wall leading to effective 

solvent extraction. Recently, ultrasound-assisted 

extraction (UAE) was an emerging technology which 

effectively improved extraction yield in shorter 

extraction time. So far, studies on the quercetin family 

and extraction method from flesh and skin of shallot 

cultivated in Vietnam are still limited. Here to, the 

objective of the current research was to identify 

quercetin from flesh and skin of shallot cultivated in Soc 

Trang province, Vietnam. In this study, both 

conventional and ultrasound-assisted extraction 

technologies were applied in order to investigate the 

effect of two extraction methods on aqueous ethanol 

extraction of quercetin compounds.  

 

2. Materials and methods 

2.1 Sample collection and preparation 

The shallots were harvested from Vinh Chau town, 

Soc Trang province, Vietnam.  

The shallot bulbs usually take around 60-65 days to 

mature. The shallot bulb harvest should begin when the 

greens of the plant start to wither, fall over and die. They 

will turn brown and become droopy while the bulbs will 

protrude from the soil and the outer skin becomes 

papery. This usually happens in mid to late summer. 

After harvesting, the bulbs are dried out some in the 

garden for about a week or so, weather permitting and 

then store them in mesh bags in a cool and dry location. 

The bulbs were washed with clean water, skin removed 

and ozone treatment of 3 ppm in 5 mins. Then, the 

shallots were sliced and dried at a temperature of 60oC 

until 6-8% moisture content is reached.  

The shallot skin was obtained from the processing of 

shallot products. After collection, the skin was washed 

under tap water and ozone treatment (3 ppm) in 5 mins. 

Then, the shallot skin dried at a temperature of 60oC 

until reaching 6-8% of moisture. All samples (shallot 

flesh/skin) were stored in a sealed PE bag at the 

temperature of 0-3oC under the subdued light.  

2.2 Conventional solvent extraction (CSE) and 

Ultrasound-assisted extraction (UAE) 

The ratio of raw materials (shallot flesh/skin) to 

solvent is 1:10 (w/v). The dried material (15 g) was used 

for each treatment. 

There are two factors affect the CSE and UAE 

efficacy: the concentration of ethanol solution (from 50 

to 80%) and the time of extraction (from 15 to 60 mins). 

The process of extraction began by mixing 15 g of dried 

shallot flesh/skins in 150 mL of ethanol solution. The 

temperature of the sample was maintained in the water 

bath (Memmer, USA) (for CSE) or ultrasonic bath (490 

W, 42 kHz, USA) (for UAE) at 60oC for different 

extraction time as mentioned above. Thereafter, 

centrifugation was applied using a centrifuge (Z232K, 

Hermle, Germany) with 12,000 rpm for 30 mins at room 

temperature (25oC). Subsequently, the centrifuged clear 

liquid was obtained and kept in dark condition at low 

temperature (2-3oC) until further analysis of quercetin. 

Each treatment was performed three times.  

2.3 Quercetin analysis 

2.3.1 Sample preparation 

Shallot extract (0.2 mL) was centrifuged (3 mins, 

15,000 rpm) to remove the solid substance. Then, the 

sample was purified by protein precipitation and solid-

phase extraction (Sep-Pak, 200 mg C18 Cartridge, 

Water, USA). Briefly, the cartridge was activated by 

methanol and conditioned by distilled water. Then 

sample was loaded sample through the cartridge and 

followed by de-salting with distilled water. Finally, the 

analytes were eluted with 60% methanol.  

2.3.2 Quercetin analysis by UPLC/UV/MS  

The quercetin and its derivatives were determined by 

positive mode of LC-ESI-QQQ (6460 Triple Quadrupole 
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System, Agilent, USA) coupled with a UV detector 

(1260 Infinity, Agilent, USA). Separations of quercetin 

glucosides and quercetin aglycone were performed on 

analytical column Zorbaz Eclipse C18 (2.1 × 50 mm, 1.8 

μm, Agilent, USA). The mobile phase consisted of water 

(solvent A) and acetonitrile (solvent B) each containing 

0.1% formic acid. The flow rate was 0.4 mL/min and the 

gradients between the time points were as follows: 0-4 

mins, 5-15%B; 4-7 mins, 15-55%B; 7-9 mins, 55-90%B; 

9-12 mins 90%B; 13-18 min, 5%B. The UV detection 

wavelength was set at 370 nm (the maximum absorption 

wavelength of quercetin). The MS conditions were as 

follow: gas temperature, 250oC; gas flow, 8 L/min; 

Nebulizer, 45 psi;  sheath gas temperature, 300oC; sheath 

gas flow: 12L/min; capillary: 3500 V (positive), 2500V 

(negative); Nozzle voltage: 500 V (positive), 500V 

(negative); and scan mass: 200-800 (m/z) (positive). 

2.4 Data analysis 

Mass spectrometry data was analysed by Mass 

Hunter software (B.07.00). The distribution of quercetin 

and its derivatives were calculated from the relative 

abundance of each compound. If the compound had 

isomers, the relative abundance was calculated as the 

total area of the isomer structures. The experiment was 

performed in triplicated. The statistical significance was 

calculated and confirmed by analysis of variance 

(ANOVA) using STATGRAPHICS Centurion XVII. 

 

3. Results and discussion 

3.1 Quercetin and its derivative in the flesh and skin of 

shallot 

In the combination of UV absorption at 370nm and 

mass spectrum by EIC/MS, quercetin and its derivatives 

were found in the extract of shallot flesh and skin (9 and 

7 compounds, respectively). They are quercetin, 

quercetin-glucoside and methylated-quercetin-hexose. 

The UV chromatogram and mass spectra these 

compounds were shown in Figure 1 and Figure 2. Table 

1 summarizes the detected compounds, corresponding to 

the retention time and annotation in Figures 1 and 2. 

Interestingly, quercetin-tri-hexose (2 isomers) was found 

only in the flesh of shallot and but not in its skin. And, 

methylate-quercetin occurred in the skin of shallot. 

Quercetin aglycone, methylate-quercetin-glucoside (di- 

and mono-) were found in both flesh and skin samples. 

In the flesh extract, both quercetin di-glucoside and 

quercetin mono-glucoside had two isomers. Meanwhile, 

there was only one quercetin-mono-glucoside compound 

in the skin extract. 

Distribution of quercetin and quercetin derivatives in 

flesh and skin was also compared. UV chromatograms 

and distribution of quercetin family in the flesh and skin 

samples were showed in Figures 3 and 4. The UV 

chromatogram clearly showed a significant difference of 

quercetin alycone intensity in the skin compared to it in 

the flesh sample. A tiny amount of quercetin alycone 

(0.7%) was found in flesh extract, while it was the most 
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Figure 1. UV chromatogram (at 370 nm) of shallot flesh 

extract with annotation (A); mass spectra of quercetin and 

derivatives which were annotated in the UV chromatogram 

(B) 

Figure 2. UV chromatogram (at 370 nm) of shallot skin 

extract with annotation (A); mass spectra of quercetin and 

derivatives which were annotated in the UV chromatogram 

(B). 
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abundant in the skin sample (46.3%). Quercetin-mono-

glycoside usually occurred in high amount in shallot 

extract that accounted for 43.8% and 35.3% in the flesh 

and skin samples. The flesh extract also contained great 

level of quercetin-di-glucoside (38.9%). In addition, 

about 14-16% of methylate-quercetin (-glucoside) were 

found in both kinds of sample. In this study, the 

Vietnamese shallot flesh extract contains quercetin 

mainly in form glucosides (only 0.7% in aglycone form). 

It was found in previous study that the Poland shallot 

flesh extract contained quercetin glucosides of 99.2% 

(Wiczkowski et al., 2008). In Vietnamese shallot, the 

glucoside forms can be mono-, di and tri-glucosides. The 

composition of Poland and Italian shallots were reported 

to contained quercetin, isorhamnetin (a methylated-

quercetin) and their derivatives, including mono- and di-

glucoside (Wiczkowski et al., 2008; Fattorusso et al., 

2002). Quercetin-tri-glucoside was found sometime in 

the red onion flesh at low level (Bonaccorsi et al., 2005). 

The skin of shallot was found to have a high ratio of 

quercetin aglycone (46%). It was reported that the 

quercetin aglycone content was different by layers and 

increased from inside to outside (Lee and Mitchell, 

2011). Our data showed that the ratio of quercetin 

aglycone in Vietnam shallot skin was lower than that in 

Poland shallot (83%) (Wiczkowski et al., 2008). In 

addition, the content and composition of quercetin 

compounds were also affected by storage conditions 

such as light exposure (Ko et al., 2015). 

3.2 Effect of different extraction conditions on total 

quercetin yield from shallot flesh and skin 

3.2.1 Effect of ethanol concentration 

Recent studies reported that the type of solvent had 

extensively impact on the extraction efficiency of 

phytochemicals such as flavonoid and total phenolic 

compounds (Do et al., 2014). Yan et al. (2015) indicated 

that ethanol was effective for isolation of phenols and 

flavonoids. In our study, the effect of different ethanol 

concentrations (40 to 80%), extraction methods and time 

on the yielding of shallot flesh/skin were assessed (Table 

2 and 3). It was observed that the percentage of quercetin 
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 Sample Annotation RT (min) m/z (M+H+) Compound 

Shallot 
flesh 

1 4.21 789.3 Quercetin-tri-glucoside 

2 4.36 789.2 Quercetin-tri-glucoside 

3 5.27 627.2 Quercetin-di-glucoside 

4 6.535 627.2 Quercetin-di-glucoside 

5 6.939 641.2 Methylated-quercetin-di-glucoside 

6 7.467 465.1 Quercetin-mono-glucoside 

7 7.87 465.1 Quercetin-mono-glucoside 

8 8.019 479.2 Methylated quercetin-mono-glucoside 

9 8.406 303.1 Quercetin 

Shallot 
skin 

1 5.365 627.2 Quercetin-di-glucoside 

2 6.535 627.2 Quercetin-di-glucoside 

3 6.938 641.1 Methylated-quercetin-di-glucoside 

4 7.85 465.1 Quercetin-mono-glucoside 

5 7.923 479.2 Methylated quercetin-mono-glucoside 

6 8.406 303.1 Quercetin 

7 8.907 317.1 Methylated-quercetin 

Table 1. Quercetin composition in shallot extract 

Figure 3. UV chromatogram of shallot skin extract (A); 

shallot bulb extract (B) and quercetin standard (C) 

Figure 4. Distribution of quercetin and quercetin derivatives 

in shallot flesh extract (A); shallot skin extract (B) 
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in shallot flesh is less than in skin. According to Hirota et 

al. (1999), quercetin was found at the high concentration 

in the outer layer in compared to the inner layer. Since 

the aged cell located in the outer layer coincided with the 

accumulation of quercetin aglycone due to the enzymatic 

hydrolysis of quercetin glycosides. Lee and Mitchell 

(2011) also reported that the highest of quercetin 

aglycone content occurred in the outer most layers of all 

varieties of onions. 

The ethanol concentration was also affected the 

quercetin content (in both shallot flesh and skin). It was 

found that the quercetin content of the extracts decreased 

with decreasing ethanol content. The quercetin content of 

the 60% aqueous ethanol extract is highest in comparison 

to others. However, the high content of ethanol (from 70 

to 80%) did not significantly increase the content of 

quercetin in the extract. This is consistent with some 

previous reports. Horbowicz (2002) reported that the 

highest yield of quercetin from powdered dry scales of 

onion was obtained by hot extraction with 60% ethanol. 

Jang et al. (2013) also reported that the ethanol 

concentration (40–80%) and extraction temperature (40–

60oC) had a tremendous effect on the quercetin yield. 

Under the optimal extraction temperature of 49oC using 

59% ethanol, the quercetin yield was found to be 11.08 

g/kg with the solid waste of onion. However, Savic et al. 

(2016) optimized an extraction procedure of quercetin 

from green tea and found that ethanol concentration had 

a significant effect on the change in the quercetin amount 

in the extract, the quercetin yield significantly increased 

when concentrations were higher than 80% (v/v). It may 

be due to the different levels of quercetin in the different 
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Sample code 
Ethanol concentration (%) 
– Time extraction (min) 

Extraction methods Additional % of quercetin 
by UAE compared to CSE CSE UAE 

M1 50-15 2.769*a 3.145a 13.58 

M2 50-30 2.841a 3.221a 13.38 

M3 50-45 2.865ab 3.250a 13.44 

M4 50-60 2.719a 3.099a 13.98 

M5 60-15 2.799a 3.176a 13.47 

M6 60-30 3.637fg 4.206fg 15.64 

M7 60-45 3.654fg 4.211fg 15.24 

M8 60-60 3.803g 4.244g 11.6 

M9 70-15 3.292d 3.783c 14.91 

M10 70-30 3.495ef 4.007def 14.65 

M11 70-45 3.382de 3.872cde 14.49 

M12 70-60 3.300d 3.802cd 15.21 

M13 80-15 3.065c 3.479b 13.51 

M14 80-30 3.717g 4.217fg 13.45 

M15 80-45 3.512ef 4.031efg 14.78 

M16 80-60 3.044bc 3.476b 14.19 

Table 2. Quercetin content of shallot skin by different ethanol concentration, time and methods of extractions 

Sample 
code 

Ethanol concentration (%) – 
Time extraction (min) 

Additional % of quercetin by 
UAE compared to CSE 

Extraction methods  
CSE UAE 

M1 50-15 0.740*a 1.106a 49.46 

M2 50-30 0.775abc 1.186b 53.03 

M3 50-45 0.794bcde 1.204bcd 51.64 

M4 50-60 0.799bcdef 1.210bcd 51.44 

M5 60-15 0.789bcd 1.212bcd 53.61 

M6 60-30 0.814cdef 1.253def 53.93 

M7 60-45 0.833ef 1.296f 55.58 

M8 60-60 0.825def 1.288ef 56.12 

M9 70-15 0.826def 1.267ef 53.39 

M10 70-30 0.828def 1.278ef 54.35 

M11 70-45 0.835f 1.275ef 52.69 

M12 70-60 0.814cdef 1.243cde 52.7 

M13 80-15 0.767ab 1.193bc 55.54 

M14 80-30 0.821def 1.288ef 56.88 

M15 80-45 0.822def 1.267ef 54.14 

M16 80-60 0.809cdef 1.242cde 53.52 

Table 3. Quercetin content of shallot flesh by different ethanol concentration, time and methods of extractions 

Note: *Average data of three replications 

Mean values followed by the different letters (a-g) superscript within each column are significantly different at P< 0.05 
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kinds of vegetables.  

3.2.2 The effect of extraction methods 

It was observed that UAE represented an 

enhancement in the quercetin extraction yield compared 

to conventional extraction methods. The results showed 

that UAE showed a higher yield for shallot skin and flesh 

extract, while conventional extraction gave the lower 

value. The extraction yield increased 13.38 to 15.64% by 

UAE from shallot skin (as mentioned in Table 2) and 

49.46 to 56.88% from shallot flesh (as mentioned in 

Table 3) in comparison to CSE in the same extraction 

conditions. Our results are consistent with earlier 

research. Nam et al. (2015) indicated that the higher 

yields of phenolic compounds were obtained only by 

ultrasound-assisted and supercritical extractions. The 

ideal conditions for total phenolic compounds extraction 

from peach were performed at 41.53°C, 43.99% of 

power for 27.86 min (Altemimi et al., 2016).  

It was indicated that extraction efficiency by the 

UAE was considerably greater than those using only 

solvent. The recovery of phenolic compounds from 

purple potatoes by UAE increased 22% compared to 

accelerated-solvent extraction (Cai et al., 2016). 

Similarly, a study on olefinic leaves showed that the 

phenolic compound productivity by UAE was almost 2-

fold more than it in conventional extraction (47 and 27 

mg GAE/g DW, respectively) (Medina-Torres et al., 

2017). Particularly, an increase of 74% of chlorogenic 

acid, a mainly phenolic compound, was also found in 

this study. Jin et al. (2011) proposed that ultrasound 

treatment showed increasing yield of quercetin in 

proportion to the power and the time. The highest yield 

of quercetin (4.09±0.29 mg/g) was obtained under UAE 

at 606.4 W for 21.7 mins, in combined to 43.8% ethanol. 

The quercetin content in the extract increased with 

the longer extraction time.The highest quercetin yield 

was noticed for the extraction times longer than 35 min 

using ethanol concentrations higher than 60%. Our 

obtained result was consistent with Muñiz-Márquez et al. 

(2013), in which the extracted phenolic content from 

lyophilized Laurus nobilis L. surged with prolonging 

extraction time. Improvement of total phenol extraction 

efficiency by UAE was observed in increasing extraction 

time from10 to 27.89 mins (Altemimi et al., 2016). To 

optimize the procedure of UAE of quercetin from the 

solid waste of onion using ethanol solution, Jang et al. 

(2013) reported that the extraction time (15–35 mins) 

was little significant. 

 

4. Conclusion 

An attempt was made to extract quercetin, a potent 

antioxidant, through solvent and ultrasound-assisted 

extraction procedures. The quercetin and its derivatives 

were determined by positive mode of LC-ESI-QQQ 

coupled with a UV detector. It was obvious that the high 

yield of quercetin obtained by UAE with ethanol solution 

60% in 30-45 mins was much higher. UAE is effective, 

fast and the simple method of extraction of crude 

quercetin from dry skin and flesh of Vietnamese shallot.  
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