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High-performance liquid chromatography—diode array detector (HPLC—DAD) coupled with electron
spray mass spectrometry (ESI-MS—MS) was used to determine the flavonol profile in southern Italian
red onions (Allium cepa L.). This on-line technique allowed the identification of seven flavonols in
southern Italian red onion, quercetin 4'-glucoside and quercetin 3,4'-diglucoside being the most
abundant components. Five minor flavonols have been recognized, offering a characteristic profile
of such compounds in red onions under study. Quercetin 3-glucoside, quercetin 7,4'-diglucoside,
quercetin 3,7,4'-triglucoside, and isorhamnetin 4'-glucoside have been previously reported as minor
flavonoid components in Allium cepa, while isorhamnetin 3,4'-diglucoside was previously found in
Allium ascalonicum. Traces of isorhamnetin 3-glucoside and free quercetin were also detected.
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INTRODUCTION that storage and domestic processing, such as boiling or frying,

. . . ) ) have on the content and composition of flavonol glucosides in
Since ancient times, mamilium species have been used as  jnions

foods, spices, and medicinal plants in widespread areas of the Few authors have focused their attention on quercetin
world. The curative properties of these species have been oftenyq i atives. which differ from quercetir-O-glucoside and 3'4
attributed to sulfur-containing volatile compounds such as allicin O-diglucos’ide and are secondary constituents of the fla,vonoid
and its derivatives, which have been examined as potential o qfjje in onions. However, these minor components can be
anticarcinogens, antimutagens, and antimicrotiialahd anti- significant in the characterization and differentiation of a variety
oxidant molecules (23). However, the antioxidant activity of  gnq/or a cultivar. Andersen (7) reported the isolation and
some members of thallium species, such as onioAllum — jyengification of quercetin 3,7/40-4-triglucopyranoside from
cepal.), cannot be ascribed just to these sulfur-containing {pe pigmented scales &. cepavar. Red Baron. Park and Lee
compounds4, 5). Indeed, onions represent a significant source (17) yere able to isolate and characterize isorhamnetin 4
of flavonoids (6), the antioxidant activity of which is well-  g)coside as a secondary flavonoid component of some varieties
known. of onion, and Brandweiril(l) determined the presence of a smalll
Evidence of flavonoid benefits on human health has stimu- amount of quercetin ®-glucoside (isoquercitrin). To the best
lated the application of several analytical techniques for their of our knowledge, however, there exist no reports in which a
identification in onions (7) and for the development of meth- systematic identification of flavonoids in onior.(cepal.)
odologies for their quantificatior8-10). In particular, HPLC- has been conducted.
MS chromatography and NMR spectroscopy have been used The present work focuses on the characterization of the
to conduct qualitative and quantitative analyses of the flavonoid flavonoid profile by direct analysis of extracts of a southern
content. Earlier studies have shown that the major flavonoid Italian red onion A. cepal.) variety, employing the HPLE
found in onions is quercetin, present mainly as tHeD4 DAD ESI-MS—MS on-line technique. The present methodol-
glucoside and 3,4'-O-diglucoside (11), which together account ogy allowed a fast, qualitative, quantitative, and reproducible
for about 80% of the total content of flavonoids. Hydrolysis of determination of seven flavonol glucosidésgure 1) present
glycosides has offered a practical method for the quantitative in the edible portion of the analyzed onions.
determination of flavonoids. Usually, their content in onion is
expressed asg/g of quercetin fresh weightLp). Dietary intake MATERIALS AND METHODS
of flavonoids can be ascribed only to the consumption of fruits
and vegetables, which are rich in these compounds. Therefore
numerous studiesl8—16) have been conducted on the effects

Materials. The investigation was carried out, from November 2003
to March 2004, on 20 samples of red onion purchased from a local
market and directly processed.

Reagents and Standard SolutiondHPLC-grade acetonitrile, metha-

* To whom correspondence should be addressed. ¥689.090.6765187;  Nol, and dimethylformamide (DMF) were supplied by Sigma Aldrich.
fax: +39.090.393895; e-mail: paolab@isengard.unime.it. Quercetin 40-glucosides (spiraeoside) and isorhamnetd-glucoside
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Figure 1. Flavonol glucosides found in southern Italian red onions. 5000000~ 1 1:;3 2018
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(quercetin 30-methyl-3-O-glucoside) were purchased from Extrasyn- o R T T T T
these, France, and quercetin and isorhamnetin were supplied by Sigma Time (min)

Aldrich. Standards were dissolved in DMF (1 mg/mL) and stored at _ ical ch ¢ h i doni 350
—18 °C. Calibration curves were obtained using DMF solutions of F19uré 2. Typical chromatogram of southern Italian red onion at 350 nm.

quercetin 4'-glucoside of known concentration (10—150 mg/L). Componerjts 1-7 were idgntified as foIIo_vvs: 1, q_uercetip 3,7,4’_-triglucosid§;
Sample Preparation. The outer dry layer of onions was manually 2, qugrcetm 7,4’-d|g|u003|d§; 3, quercet.ln 3,4’-d|g|uco§|de; 4, |sorhamnet|n

removed, and the bulb was cut into small pieces. The pieces (10 g) 34 -diglucoside; 5, quercetin 3-glucoside; 6, quercetin 4'-glucoside; and

were dipped in methanol (100 mL), left af@ overnight, to allow the 7, isorhamnetin 4’-glucoside.

penetration of the solvent into tissues of onion, then removed from the

methanolic phase and homogenized with a domestic electric blender. Each sample was tested three times and gave superimposable

The methanolic phase was kept apart, whereas homogenized onionshromatograms.

were stirred in MeOH (2 100 mL) for 30 min at room temperature,

and the mixture was centrifuged. The three methanolic phase_s WerepESULTS AND DISCUSSION

combined, reduced to a volume of 10 mL, and storeet &8 °C until

their use. Methanolic extracts (1 mL) were diluted with DMF (1 mL) A typical DAD chromatogram, recorded at 350 nm, of

and filtered through an Iso-Disk P-34, 3 mm diameter poly(tetrafluo- methanolic extracts of southern Italian red onidn ¢epal.)

roethylene) (PTFE) membrane, 04 pore size supplied by Supelco.  is shown inFigure 2. Seven peaks were detected, two of which,
Hydrolysis. Acid h_ydrolysis was carried out on methanolic extracts peaks 3 and 6, are the major flavonoid components of the onion

of red onions, following Hertog's proce_dura)( 6 MHCI (4 mL) ina extracts under studyF{gure 1). The HPLG-DAD ESI-MS—

methanol (8 mL)/water (6 mL) solution was added to 2 mL of g annaratus allowed the simultaneous acquisition of DAD

methanolic extracts of onion, to give a 20 mL solution of 1.2 M HCI BES
in 50% aqueous methanol. Ascorbic acid (50 mg) was used as anchromatograms at 350 nm, and UV spectra and

antioxidant. After refluxing at 90C for 4 h while being stirred, the spectra, both in positive ,and in negative ion mode, corresponding

solution was allowed to cool at room temperature and produced up to 0 €ach chromatographic peak. UV spectra of comporients

25 mL with MeOH. DMF (1 mL) was added to the hydrolyzed —and quercetin standard are reportedrigure 3. Figures 4—8

methanolic extracts (1 mL), and the mixture was filtered through an show MS and MS—MS spectra of componefi, 4, 5, and

Iso-Disk P-34, 3 mm diameter PTFE membrane, Q45 pore size, 7.

prior to the injection. Acid hydrolysis of methanolic extracts of samples was
LC—MS—MS Analysis of Flavonoids. LC—MS—MS analyses of  conducted following Hertog’s procedur)( HPLC analysis of

samples were carried out with a ThermoQuest Model LCQ-Duo the hydrolyzed extracts produced two peaks that were identified

equipped with a diode array spectrophotometer and an ion trap massgg quercetin and isorhamnetin, respectively, by comparison with
spectrometer with electrospray ionization source (ESI). Separation of their commercial standards

flavonoids was performed on a 250 nwrd.6 mm i.d., Sum, Discovery . .
C18 column, supplied by Supelco, equipped with a 20 ma.0 mm In the UV spectrum of componeft(Figure 3F), the typical

guard column. The discovery C18 guard column was placed in a column Pa@nd |, associated with the absorption due to the B-ring
oven set at 30C. The injection loop was 2@L, and the flow-rate  Cinnamoyl system, gave a maximum in the region of 365 nm,
was 1.0 mL/min. The mobile phase consisted of a linear gradient of While band Il, associated with absorption involving the A-ring
acetonitrile in HO as follows: 5—20% (0—15 min); 20—30% (15— benzoyl system, was detected at 253 nm. As previously stated
20 min); 30-50% (20—30 min); 56-100% (30—35 min); 100% (35 (18), band I of flavonols occurs in the range of 3585 nm,

40 min); and 108-5% (40-50 min). UV spectra were recorded between thys suggesting the flavonolic nature of compor@n®n-line

200 and 450 nm, and simultaneous detection by diode array was gg|—MS in the positive ion mode exhibited a spectrum with
performed at 350 nm. two strong peaks, one centerednatz 465 [M + H]* and the

Operating parameters of the mass spectrometer were: capillary other atm/z 303 [M + H — 162], this last peak consistent

temperature 250C, spray needle voltage set at 4.50 kV, and ES with the loss of a glycosyl moiety. Analogously, ESVIS in

capillary voltage+3 and —47 V for positive and negative polarity, hoa4ive jon mode produced two significant peaks, one/at
respectively. Nitrogen was used as a sheath gas with a flow of 50 463 [M — H]~ and the other am/z301 [M — H — 162].

arbitrary units. Mass analysis was carried out in full-scan mode from . . . .
80 to 900 amu, both in positive and in negative mode. The negative Négative ESI—MS—MS analysis was carried out on the ion at
MS—MS spectra were obtained by collision-induced dissociation (CID), M/z 301 and showed a fragmentation pattern in line with

with an applied collision energy of 28 and 30% of instrumental previous results proposed for a flavonol of the quercetin type
maximum for quercetin and isorhamnetin aglycones, respectively.  (19). The presence of quercetin in the HPLC chromatogram of
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Figure 3. UV spectra of components 1-7 (A—G) and quercetin aglycone (H).
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Figure 4. ESI-MS spectra in (A) positive and (B) negative ion mode mz
and (C) negative ESI-MS-MS spectrum of component 5 (quercetin Figure 5. ESI-MS spectra in (A) positive and (B) negative ion mode and
3-glucoside). (C) negative ESI-MS-MS spectrum of component 2 (quercetin 7,4'-

diglucoside).
the hydrolyzed extracts represented a further proof of its
identification. HPLG-DAD ESI-MS—MS analysis of a stan- In the positive ESI—MS spectrum of componén(Figure
dard solution of quercetinglucoside and its comparison with ~ 4A) peaks atm/z465 [M + H]* and atm/z303 [M + H —
our results allowed us to unambiguously assign this structure 162]" indicated the loss of a glycosyl moiety, showing a
to componens, in accordance with literature data that indicate monoglycosylated flavonoid derivative for componé&nNega-
quercetin-4'-glucoside (Figure 1) as one of the two major tive ESI-MS—MS on the ion am/z301 provided fragments
flavonols found in onions. that are typical of quercetin aglycon&9). The on-line diode
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triglucoside).
flavone or flavonol skeleton. Substitution of other hydroxyl

array UV spectrum exhibited two major absorption peaks, band groups, such as the 7-hydroxyl group in the A-ring, has no effect
Il at 256 nm and band | at 351 nm, with an hypsochromic shift on the UV spectrum. The shift associated with the substitution
(19 nm) of band | with respect to values for the aglycone, of the 5-hydroxyl group is usually of-515 nm in both band |
quercetin Figure 3E,H). The hypsochromic shift to shorter and band Il (18). In the specific case of compon&ntthe
wavelengths is normally associated with the substitution of one hypsochromic shift was associated exclusively with band I, thus
or more hydroxyl groups in the 3,'4or 5 positions of the excluding substitution of the 5-hydroxyl group. On the other



2738 J. Agric. Food Chem., Vol. 53, No. 7, 2005

1 641
(A)
7
| .
Y
i -
195 212 9 450 084
BER H 2 lawe 481 ﬁ a7
SETP I B el i
100 200 400 500 700
mz

1001 200
90
1 ©
80
707
§w€
50
iwi
30
3 29
20
] 271 287
10 ' a1s
-|||II||IIII.|I.III|IIIIl[ll.|
100 150 250 300

Figure 8. ESI-MS spectra in (A) positive and (B) negative ion mode and
(C) negative ESI-MS-MS spectrum of component 4 (isorhamnetin 3,4'-

diglucoside).

hand, the substituted gosition is characterized by a hypso-

mwz

Bonaccorsi et al.

ESI-MS in positive mode of componeBtproduced a strong
peak centered ah/z627 [M + H]* and two fragments an/z
465 [M + H — 162" and atm/z303 [M + H — 162 — 162]".
This fragmentation emphasized the diglycoside nature of
compound3. ESI-MS—MS fragmentation was superimposable
with those of componensand6 and was previously reported
for MS—MS degradation of quercetinlg). Component3
presented an UV absorption peak centered at 255 nm (band I1)
with a shoulder at 265 nm and a peak at 344 nm (barfidue
3C). A comparison of these values with those proposed for the
aglycone quercetinFigure 3H) showed a consistent hypso-
chromic shift (26 nm) of band | in componeBt Unchanged
values of band Il excluded a substitution of the 5-hydroxyl group
leading to the attribution of quercetin 3,4'-diglucoside to
componensB (Figure 1). Quercetin 3,4diglucoside has already
been detected in red onions and regarded as one of the major
flavonoids (7).

In positive and negative ESIMS spectra Figure 5A,B),
componen® exhibited a fragmentation typical of a diglycoside
flavonoid. Negative ESI-MS—MS on the ion ah/z 301
provided fragments that are characteristic of quercetin aglycone
(19). UV absorption values of componehshowed a hypso-
chromic shift (4 nm) of band | with respect to values of the
aglycone quercetin (Figure 3B,H). The shift associated with
substitution of the 3-hydroxyl group is usually of 227 nm in
band I, and the value found for compon@r{866 nm) excluded
glycosyl substitution at the 3 position of the C-ring. On the other
hand, the hypsochromic shift observed for comporzmtas
associated exclusively with band I, thus indicating that the
5-hydroxyl group was not substituted. We could then assume
for componen® a glycosyl substitution onto thé position of
the B-ring and the other one onto the 7 position of the A-ring.
Quercetin 7,4diglucoside, which we identified as component
2, has been already detected as a secondary constituent of
flavonoids in red onions (20).

Componentl, the first eluted (Figure 2), exhibited an ESI—
MS spectrum in the positive ion mode with four significant
peaks, one centered at/z789 [M + H]*, the second am/z
627 [M + H — 162", the third atm/z465 [M + H — 162 —
162]*, and the last one an/z303 [M + H — 162 — 162 —
162]" (Figure 6A). Four analogous peaks were produced in
the negative ESI—MS analysi&ifure 6B). The loss of three
glycosyl units shown in the ESIMS spectra and the fragmenta-
tion pattern shown in the negative ESIS—MS analysis on
the ion atm/z301 (Figure 6C) were indicative of a quercetin
triglycoside. The hypsochromic shift (26 nm) of band | with
respect to the quercetin valuBigure 3A,H), observed in the
UV spectrum of componert, excluded substitution onto the
5-position of the A-ring, leading to the conclusion that the first
eluted compound was quercetin 3,Adglucoside (Figure 1)
(7).

Figure 7 shows the MS spectra of componéhtwhich was
eluted just after quercetin-glucoside Figure 2). The positive
fragmentation pattern, ions at/z479 [M + H]* andm/z317
[M + H — 162]", indicated the loss of a glycosyl unit,
corroborated by mass spectrometric results in negative ion mode
(m/z477 [M — H]” andm/z315 [M — H — 162]") (Figure
7A,B). Componenf/ is, indeed, a flavonoid monoglycoside.

chromic shift of 3—10 nm, a value lower than the one found The UV absorptionsRigure 3G) at 252 nm for band II, and at
for components. The hypsochromic shift of 19 nm appeared 366 nm for band I, confirmed its nature as a flavonol derivative.
in accordance with the hypothesis of a quercetin glycosylated The hypsochromic shift of 5 nm of band I, with respect to values
at the 3 position of the aglycone skeleton. We have evidence of quercetin Figure 3H), excluded a glycosyl substitution at

for component5 to be quercetin 3-glucosiddigure 1), in

accordance with previous results (11).

the 3, 5, and 7 positions of aglycone, leading to the hypothesis
of a 4-substituted flavonol. ESIMS—MS spectrum on the ion
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Table 1. Range Values in mg/kg Fresh Weight of Flavonol Glucosides
in Southern Italian Red Onions

compound flavonol glucosides content (mg/kg)
1 quercetin 3,7,4'-triglucoside? 6-9
2 quercetin 7,4'-diglucoside? 7-11
3 quercetin 3,4'-diglucoside? 254-274
4 isorhamnetin 3,4'-diglucoside? 21-25
5 quercetin 3-glucoside? 17-23
6 quercetin 4'-glucoside 208-230
7 isorhamnetin 4'-glucoside? 41-49

@ Expressed as quercetin 4'-glucoside.

at m/z315 (Figure 7Q exhibited an intense peak (100%) at
m/z300 [M — H — 15] originating from the loss of a methyl
moiety, followed by small but significant peaksratz 287, 271,
and 151. Peaks ah/z 287 and 271 are associated with the
neutral losses of CO and GQnvolving the C-ring, and the

J. Agric. Food Chem., Vol. 53, No. 7, 2005 2739

isorhamnetin 4'-glucoside is the most consistent-49 mg/
kg), followed by isorhamnetin 3 4liglucoside, quercetin 3-glu-
coside, quercetin 7,4'-diglucoside, and quercetin 3{riglu-
coside.

In conclusion, we have demonstrated that the on-line HPLC
DAD ESI-MS—MS technique constitutes an accurate and easy
methodology for the qualitative and quantitative analysis of
flavonoids inA. cepavarieties. It allowed the identification of
seven flavonols in southern Italian red onion, quercetin 4
glucoside and quercetin 3;diglucoside being the most abun-
dant components. We have recognized five minor flavonols
among which quercetin 3-glucoside, quercetir-diglucoside,
quercetin 3,7,4triglucoside, and isorhamnetinglucoside have
been previously reported as minor flavonol componenta.in
cepa, while to the best of our knowledge, isorhamnetin 3,4'-
diglucoside was previously found iA. ascalonicum. These
results are relevant not only from a chromatographic point of

relative fragments have already been observed in flavonols suchview but also for the possibility of offering a characteristic
as quercetin (19). The ion ah/z 151 can be regarded as a profile of flavonoids in red onions under study and more
fragment coming from a process of retrocyclization of the generally in vegetables that are rich in these significant

aglycone as anion (m&15), followed by the loss of CO, or
otherwise, from a retro DielsAlder process, involving the anion
flavonol of the isorhamnetin typel9). We observed a similar
fragmentation pattern in the ESMS—MS spectrum of the

compounds.
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