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Quercetin is a major flavonoid present in onions, which acts as an antioxidant. Quercetin exists both
as a free compound and conjugated with carbohydrates, primarily as glucosides in onion. Aged black
onion was made through a 30 day aging process in which the onions were kept in an environment
of 60oC and high humidity (90% RH). Quercetin and quercetin glucosides were assayed in onion bulbs
before and after the aging process, using high performance liquid chromatography-electrospray ion trap
mass spectrometry (HPLC-ESI/MS/MS). Quercetin mono- and diglucosides were identified in fresh
onion bulbs, whereas quercetin aglycone was the only form present in aged black onion bulbs. These
findings indicate that the quercetin mono- and di-glucosides present in fresh onions undergo complete
deglycosylation during the aging process. Such profiling will provide a rapid method that can be used
to assess changes in the two major quercetin glycosides during the aging process of onion bulbs.
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Introduction

Quercetin is the major flavonoid present in the onion

(Allium cepa). The chemical is found predominantly as quer-

cetin 3,4’-O-diglucoside and 4’-O-monoglucoside, although

several other forms of mono- and diglucoside conjugates

have been reported. Amounts of this flavonoid in onions

vary with bulb color and type, being mostly found in the

outer skins and rings [1]. Such compounds exhibit a variety

of biological activities, including cardiovascular protection,

and anti-cancer, anti-inflammatory, and antioxidant activ-

ities [2,5].

The quercetin compounds play a key role in the health

effects of dietary quercetin [9]. However, the question

whether quercetin aglycone or its glucosides are available

in the systemic circulation after consumption of quercetin

or quercetin-rich food products in humans is still a matter

of dispute [10]. As the biological activity of these compounds

is dependent on the nature and position of the glycosylation,

it is important to chemically characterize the quercetin

compounds. Among the analytical methods used to analyze

such compounds, HPLC with UV detection, HPLC with fluo-

rescent detection, LC-MS, and LC-MS/MS have been em-

ployed [3,4,6]. Particularly, LC-MS/MS may be a very sensi-

tive and reliable method for the required analysis.

Since ancient times, onions have been used as food, spice,

and medicinal plants in many cultures. Because of their dis-

tinct flavor and aroma, onions are commonly consumed

alone or in prepared foods after being subjected to a wide

variety of processing methods [8]. The aging process is spon-

taneous fermentation for 30-60 days at 60-80
o
C and high hu-

midity (90% RH). Using this process, unstable and highly

odorous compounds of garlic and onion can be converted

into stable and odorless compounds with black color.

Recently, the biological effects of aged black garlic have been

studied [7]. Although many reports on onion have been

studied, there is little information on aged black onion.

In this present study, we utilized the HPLC-ESI/MS/MS

method to determine changes in the composition of querce-

tin glycosides after aging process of fresh onions bulb.

Materials and Methods

Chemicals 

All chemicals and solvents were purchased from

Sigma-Aldrich (St, Louis, Mo., USA). Quercetin compounds

(Quercetin-3,4′-O-β-glucoside, quercetin-4′-O-β-glucoside and
quercetin) were purchase from Extrasynthese (Genay,

France).

- Note -
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Fig. 1. HPLC spectrum of fresh onion extract (a), and positive ESI mass spectrum of compound 1 (b) and 2 (b). 1, quercetin-3,4´-O-β
-D-glucoside. 2, quercetin-4´-O-β-D-glucoside. ◊, m/z of MS-MS fragmentation

Plant material

Onions were purchased from Jeongeup agricultural mar-

ket in Korea. Aged black onions were prepared by incubat-

ing fresh onions at 60
o
C under 90% humidity for 1 month.

Both fresh and aged onions were frozen and freeze dried.

This material was ground to a fine powder and stored at

-20oC. Each gram of powdered sample was subsequently ex-

tracted three times, each time with 10 ml of 100% ethanol

for 6 hr. The aqueous filtered ethanolic fraction was col-

lected, and residual ethanol was evaporated by fast vacuum

drying. The dried extract was redissolved in 70% (v/v) etha-

nol to a final volume of 1 ml, and samples were stored at

-70oC until analysis.

HPLC-ESI/MS/MS analysis

HPLC analyses were performed using an Agilent series

1200 quaternary solvent delivery system, a cooled autosam-

pler (4oC), and a photodiode array detector (Agilent;

Waldron, Germany). Samples, passed through a 0.45 µm

filter just prior to HPLC injection, were separated on a YMC

ODS column (4.5×250 mm, 5 µm particle size) maintained

at 30
o
C. The mobile phase consisted of (A) 0.1% (v/v) formic

acid in water, and, (B) 0.1% (v/v) formic acid in methanol,

with a gradient consisting of 5% B (0-5 min), 5-80% B (5-30

min), 80% B (30-50 min), and 80%-5% B (50-60 min), at a

flow rate of 0.5 ml/min. Eluate was monitored at 210 nm,

254 nm, 280 nm, and 370 nm. Data were recorded at 254

nm. The quercetin compounds were used for identification

and quantification as a standard.

Mass analyses were performed using an electrospray ion-

ization source (ESI; Bruker Daltonics, Bermen, Germany)

connected to an ion trap mass spectrometer (MS). MS operat-
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Fig. 2. HPLC spectrum of aged black onion extract (a) and positive ESI mass spectrum of compound 3 (b). 3, quercetin.

ing parameters were a capillary temperature of 250oC,

spray-needled voltage of 4.5 kV, and ES capillary voltages

of +3 V and -47 V for positive and negative polarity,

respectively. The sheath gas was nitrogen, at a flow rate of

50 arbitrary units. Mass analysis was carried out with a

full-scan spectrum from 100 to 900 amu, in both positive

and negative modes. Positive and negative MS-MS spectra

were obtained by collision-induced dissociation (CID).

Results and Discussion

Aged black onion was made by aging process for 30 days

at 60
o
C and high humidity (90% RH). During the process,

the fresh onion with white color was changed to black color.

The quercetin analogues (quercetin and quercetin gluco-

sides) were assayed in onion bulbs before and after the aging

process, using high performance liquid chromatography

(Fig. 1a and 2b). In agreement with previous findings, in-

dicating that onions contain both diglucosides and mono-

glucosides of quercetin, we found that the two major forms

of quercetin in fresh onions were the diglucoside (420 μg/g

dry weight) and the monoglucoside (180 μg/g dry weight).

In aged black onions, however, the major form of quercetin

was the aglycone (380 μg /g dry weight). The result showed

that the aging process of fresh onion increased the levels

of quercetin, with concomitant reductions in di- and mono

glucosides.

Mass spectral data confirmed the identities of quercetin

and quercetin glucosides detected in onions (Fig. 1 and 2).

In the positive ESI-MS spectra of fresh onion extract, peaks

at m/z 627 [M + H]+ and m/z 465 [M + H]+ indicated the

binding of two and one glycosyl moieties, respectively. In

the positive ESI-MS spectra of aged black onion extract, a

significant peak at m/z 303 [M + H]+ indicated the loss of

two and one glycosyl moieties for comparison, the mass

spectrum of a quercetin standard is presented (data not

shown). The molecular ion m/z 303 [M + H]+ is the most

abundant quercetin ion and ion m/z 162 [M + H]+ is the value

of one glycosyl unit. In addition, multiple reaction monitor-

ing (MRM) of MS/MS showed that the characteristic ion

transitions were from m/z 627 (parent ion) to m/z 465

(daughter ion) and from m/z 465 (parent ion) to m/z 303

(daughter ion) in fresh onion extract.

In conclusion, we demonstrated that the HPLC-ESI/

MS/MS technique constitutes an accurate and easy method-

ology for the qualitative and quantitative analysis of fla-

vonoid in fresh onions and aged black onions. It allowed

the identification of quercetin 3,4’-O-diglucoside and

4’-O-monoglucoside being the most abundant components

in fresh onion and quercetin aglycone in aged black onion.

These results indicated that the aging process of fresh onions

for 1 month at 60
o
C resulted in complete deglycosylation

of quercetin mono- and diglucosides present in fresh onions

(Fig. 3). Such profiling is a rapid method that can be used

to assess changes in the two major quercetin glycosides, oc-

curring during the aging and blackening of onion bulbs.
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초록：HPLC-ESI/MS/MS를 이용한 생양파와 흑양파의 퀘세틴 배당체 분석

정동민1
․권선화1

․정영철2
․전효곤1*

(1한국생명공학연구원 전북분원 생물산업공정센터, 2한국국제대학교 식품영양학과)

퀘세틴은 양파에 있는 주요한 플라보노이드이고, 항산화제 역할을 한다. 양파에 있는 퀘세틴은 주로 배당체 형태로 

존재한다. 흑양파는 습도 90%와 온도 60oC 조건 하에서 30일 동안의 숙성처리과정으로 만들어진다. 흑양파 제조과정 

전후의 양파 속에 있는 퀘세틴과 퀘세틴 배당체들은 HPLC-ESI/MS/MS를 이용하여 분석되었다. 생양파 속에는 퀘세틴 

단당체와 퀘세틴 이당체가 동정되었고, 반면에 흑양파 속에는 퀘세틴만이 존재하였다. 그러한 결과들은 생양파에 있는 

퀘세틴 배당체(단당체와 이당체)들은 숙성과정 동안 해당과정이 일어난다는 것을 의미한다. 이러한 분석프로파일은 숙

성과정 동안 발생되는 양파의 주요한 두 개의 퀘세틴 배당체들의 변화를 추정하는데 용이한 방법을 제공할 것이다.

Fig. 3. Changes in the two major quercetin glycosides during the aging process of onion bulbs.
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