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A screening method using LC-DAD-ESI/MS was applied to the analysis of flavonoids in celery, Chinese
celery, and celery seeds (Apium graveolens L. and varieties). Fifteen flavonoid glycosides were
detected in the three celery materials. They were identified as luteolin 7-O-apiosylglucoside, luteolin
7-O-glucoside, apigenin 7-O-apiosylglucoside, chrysoeriol 7-O-apiosylglucoside, chrysoeriol 7-O-
glucoside, and more than 10 malonyl derivatives of these glycosides. The identification of the malonyl
derivatives was confirmed by their conversion into glycosides upon heating and by comparison of
some of the malonates with malonates that had previously been identified in red bell pepper and
parsley. The concentrations of the glycosides and the malonyl glycosides in the three materials were
estimated by comparison to aglycone standards. This is the first report of the presence of these
glycosylated flavonoid malonates in celery.
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INTRODUCTION

The flavonoid content of food plants has been reported to
offer positive biological benefits such as reduced risk of cancer
and cardiovascular disease (1-3). A common, highly consumed
vegetable with a high flavonoid content is celery,Apium
graVeolensL. (Umbelliferae or Apiaceae).A. graVeolensvar.
dulce (Mill.) Pers., with the name of celery, is a popular and
common vegetable throughout the world. The aerial part ofA.
graVeolensL., including the small stems and leaves, is known
as Chinese celery and is also a common vegetable in China
and other Asian countries. Celery seed is a commercially
available spice of which the powder, oil, and extract are widely
used as flavoring ingredients in major food products (4).

Studies of celery have identified the flavonoids 7-O-apiosyl-
glucosides and 7-O-glucosides of luteolin, apigenin, and chry-
seoriol, as well as the phenolic acids chlorogenic acid, cinnamic
acids, coumarins, and their glycosides (4-7). Quantitative
determinations of some of the flavonoids have been reported
on the basis of analysis of the aglycones produced by hydrolysis
of the glycosylated flavonoids (8-15). Malonated apiosylglu-
cosides have been reported in parsley and red bell pepper, but
not in celery (16-18).

As a part of a project to systematically identify glycosylated
flavonoids and other phenolic compounds in food plants, we

examined celery, Chinese celery, and celery seed using a
screening method (19) that is based on liquid chromatography
with diode array and electrospray ionization mass spectrometry
detection (LC-DAD-ESI/MS). Besides the previously reported
apiosylglucosides and glucosides of luteolin, apigenin, and
chrysoeriol, more than 10 glycosylated flavone malonates were
also found in the celery samples for the first time. The
identification and quantification of these glycosylated flavonoids
and glycosylated flavonoid malonates in celery food materials
were accomplished by chemical and physical means.

MATERIALS AND METHODS

Plant Materials. Fresh celery (three samples), fresh Chinese celery
(three samples), dried celery seeds (one sample), fresh parsley, and
fresh red bell pepper were purchased from local food stores in Maryland.
The fresh materials (for the celery, stalk, and leaves) were cut into
small pieces and dried at room temperature, and all of the plant materials
were finely powdered and passed through a 20 mesh sieve prior to
extraction. The moisture contents for the celery and Chinese celery
samples were determined to be 93.95 and 90.63%, respectively.

Flavonoid Standards and Chemicals.Apigenin (Figure 1) (purity
95% by TLC) was purchased from Sigma Chemical Co. (St. Louis,
MO). Luteolin 7-O-glucoside, chrysoeriol, and diosmetin (allof HPLC
grade) were purchased from Extrasynthese (Genay, Cedex, France).
Luteolin and apiin were purchased from Indofine Chemical Co.
(Somerville, NJ). The apiin standard was analyzed in this laboratory
and determined to contain approximately 15% chrysoeriol 7-O-
apioglucoside and 4% diosmetin 7-O-apioglucoside.

Formic acid, hydrochloric acid (37%), HPLC solvents (acetonitrile,
methanol, acetone), ethanol, and dimethyl sulfoxide were purchased
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from VWR Scientific (Seattle, WA). HPLC grade water was prepared
from distilled water using a Milli-Q system (Millipore Laboratory,
Bedford, MA).

LC-DAD and ESI-MS Conditions. The LC-DAD-ESI/MS instru-
ment and operating parameters have been previously described (19).
Briefly, the LC-DAD-ESI/MS consisted of an Agilent 1100 HPLC
coupled to a diode array detector and mass spectrometer (MSD, SL
mode) (Agilent, Palo Alto, CA). A 250× 4.6 mm i.d., 5µm Symmetry
C18 column (C18, 5µm,) with a 20× 3.9 mm i.d., 5µm sentry guard
column (Symmetry, 3.9× 20 mm) (Waters Corp., Milford, MA), was
used at flow rate of 1.0 mL/min. The column oven temperature was
set at 25°C. The mobile phase consisted of a combination of A (0.1%
formic acid in water) and B (0.1% formic acid in acetonitrile). The
gradient was varied linearly from 10 to 26% B (v/v) in 40 min, to
65% B at 70 min, and finally to 100% B at 71 min and held at 100%
B to 75 min. The DAD was set at 350, 310, and 270 nm to record the
peak intensity, and UV spectra were recorded from 190 to 650 nm for
plant component identification. Mass spectra were simultaneously
acquired using electrospray ionization in the positive and negative
ionization (PI and NI) modes at low and high fragmentation voltages
(70 and 250 V) over the range ofm/z100-2000. A drying gas flow of
13 L/min, a drying gas temperature of 350°C, a nebulizer pressure of
50 psi, and capillary voltages of 4000 V for PI and 3500 V for NI
were used. The LC system was directly coupled to the MSD without
stream splitting.

Plant Extracts. Dried ground material (50 mg for celery stalks and
Chinese celery, 25 mg for celery seeds and parsley, and 500 mg for
red bell pepper) was extracted with methanol/water (5.00 mL, 60:40,
v/v) using an FS30 Ultrasonic sonicator (Fisher Scientific, Pittsburgh,
PA) at 40 kHz and 100 W for 60 min at room temperature (from 22 to
<35 °C at the end). The extract was filtered through a 0.45µm Nylon
Acrodisk 13 filter (Gelman, Ann Arbor, MI). A 50µL sample of the
extract was injected onto the analytical column for analysis. To avoid
errors from unexpected degradation of the phenolic compounds, the
LC determinations were completed within 24 h of the extraction. On
the basis of extraction of 100 mg or less of the dried plant material
with 5.0 mL of solvent, the sample preparation method was confirmed
to be suitable for the quantitative determination of the glycosylated
flavonoids in the tested celery samples(19).

Heat-Induced Hydrolysis of Samples.The filtered extract (1 mL,
pH around 5.5-6.0) was heated in a covered glass tube at 85°C for
16 h. The extract was allowed to cool by standing at room temperature
for 30 min and then filtered and injected onto the analytical column.

Acid-Hydrolyzed Samples.The filtered extract (0.5 mL) was mixed
with concentrated HCl (37%, 0.1 mL) and heated in a covered tube at

85 °C for 2 h. Then, 0.4 mL of methanol was added to the mixture,
which was then sonicated for 10 min. The solution was refiltered prior
to HPLC injection.

Quantitative Analysis. Three samples of celery and Chinese celery
and one sample of celery seeds were analyzed. Each of the samples
was prepared in triplicate, and each preparation was analyzed in
duplicate. Luteolin 7-O-glucoside (HPLC grade) and apiin (81% purity)
were used as standards for the quantification of celery flavonoids.
Luteolin 7-O-glucoside and apiin standard stock solutions [2.2 and 2.0
mg in 10.0 mL of methanol/water (60:40, v/v), respectively] were
diluted to provide calibration curves. The two calibration curves were
linear with respect to absorbance at 350 nm.

RESULTS AND DISCUSSION

Identification of Celery Flavonoids. HPLC chromatograms
of the extracts from celery, Chinese celery, and celery seed,
and the malonate-free celery seed sample (from heat-induced
hydrolysis) are shown inFigure 2. The retention times (tR),
wavelength of maximum absorbance (λmax), protonated/depro-
tonated molecules ([M+ H]+/[M - H]-), and major fragment
ions (PI/NI aglycone) are listed inTable 1. The 7-O-apiosyl-
glucosides and glucosides of apigenin, luteolin, and chrysoeriol
have been reported in celery previously (4, 5). On the basis of
the UV and mass spectrometric data for peak 4 (i.e.,λmax at
256, 266, and 348 nm, PI and NI protonated and deprotonated
molecules atm/z 581 and 579, and aglycone ions atm/z 287
and 285) (Table 1), it was identified as luteolin 7-O-apiosyl-
glucoside. The mass difference between the molecular ions and
aglycone ions was 294 amu, as expected for the loss of the
apiosylglucosyl derivative. Similarly, peaks 6 and 8 were
identified as apigenin 7-O-apiosylglucoside (apiin) and chry-
soeriol 7-O-apiosylglucoside, respectively. Peak 5 (m/z 449/
447, 287/285) was identified as luteolin 7-O-glucoside, and peak
10 (m/z463/461, 301/299) was identified as chrysoeriol 7-O-
glucoside. The identification of peaks 5, 6, and 9 was based on
the match of their retention times and UV-vis and mass spectra
with those of pure standards. This identification was further
confirmed by the fact that apigenin, luteolin, and chrysoeriol
were the only aglycones detected in the hydrolyzed Chinese
celery (Figure 4E), celery, and celery seed extracts (data not
shown). Thus, the glycosides of the trihydroxy-monomethoxy-
flavone in the tested celery samples are formed from chrysoeriol.
Peaks in the same acid-hydrolyzed extract confirmed that both
diosmetin 7-O-apiosylglucoside (peak a,Figure 2F) and chry-
soeriol 7-O-apiosylglucoside (peak 8) existed in parsley samples.

Peak 12 had molecular and aglycone ions atm/z535/533 and
287/285, respectively, that is, a difference of 248 amu. The
molecular ion mass is 86 amu larger than that of the glucosyl
group (162 amu) and corresponds to a malonyl group (-OCCH2-
COOH) (20-25). Therefore, peak 12 was identified as luteolin
7-O-glucoside malonate. Similarly, the minor peak 17 (m/z549/
547 and 301/299) of celery seed can be identified as chrysoeriol
7-O-glucoside malonate.

Peaks 7, 9, and 11 had molecular ions that were 380 amu
larger than their aglycones. The mass difference suggested that
they were the malonates of luteolin 7-O-apiosylglucosides.
Similarly, peaks 13, 14A, and 15A and peaks 14B, 15B, and
16 were identified as the malonates of apigenin 7-O-apiosyl-
glucoside and chrysoeriol 7-O-apiosylglucoside, respectively.

The specificity and enhanced signal-to-noise ratios for
selective ion monitoring (SIM) detection, compared to TIC
detection, allow trace components to be detected in the presence
of more concentrated molecules with similar retention times.
SIM detection was used to detect each group of isomeric
malonates in celery seeds by monitoring the positive ions at

Figure 1. Structures of the flavonoids.
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m/z651, 667, 681, and 535 (Figure 3). The existence of these
malonates was further confirmed by the fact that all of the
malonates were converted into their related glycosides by a heat-
induced hydrolysis (Figure 2B).

To determine the heating time required for complete removal
of the malonates, the extracts were initially heated for 2, 4, 8,
12, 16, and 30 h and analyzed by LC-DAD-ESI/MS with the
DAD at 350 nm and SIM detection to detect the possible
aglycones produced. The results indicated that only 50-60%
of each malonate was converted to its related glycosides at 2 h,
and a complete conversion required 12-16 h. At this time, no
detectable decomposition of the glycosides into the aglycones
was observed (Figure 4).

It has been reported that acylation of the glycoside is most
frequently reported at the 6′′-position of the sugar (16, 22, 23,
25, 26). Therefore, peaks 11, 15A, 16, and 12 could be
provisionally identified as luteolin 7-O-6′′-malonyl apiosylglu-
coside, 6′′-malonylapiin, chrysoeriol 7-O-6′′-malonyl apiosyl-
glucoside, and luteolin 7-O-6′′-malonylglucoside, respectively.
The identification of peaks 11 and 15A was further confirmed
by a direct comparison of their retention time and UV-vis and
mass spectra with those of the luteolin 7-O-6′′-malonylapio-
sylglucoside in red bell pepper (17,26) and 6′′-malonylapiin in
parsley (16) (Figure 2E,F). Because their structures have been
completely determined by NMR analysis (16-18), it confirmed
that the apiosyl group for celery was connected at the 2′′-position
of the glucosyl as shown inFigure 1. This comparison also
indicated the existence (previously unreported) of a minor
isomer of luteolin 7-O-6′′-malonylapiosylglucoside (peak 9) in
red bell pepper and two minor malonylapiins (peaks 13 and
14A) in parsley (Figure 2E). Diosmetin 7-O-6′′-malonylapio-
sylglucoside (peak b inFigure 2F) was also identified in parsley
extract.

The isomeric malonates of each 7-O-apiosylglucoside (Fig-
ures 2and3) have the same molecular and mass spectra as its
major isomeric malonate (6′′-malonate). The malonyl linkage
for the minor isomers might be at the 3- or 4-position of the
glucose, or some position of the apinose. The position cannot
be determined using MS or MSn. Instead, further NMR analysis
would be required for position identification.

Besides the flavones, chlorogenic acid and a trace amount
of coumaroylquinic acid were also detected in the three celery
samples (peaks 1 and 2 inTable 1 andFigure 2).

Quantification of Flavonoids in Celery Materials. The
concentrations of the flavonoids identified in the three celery
materials are listedTable 2. Because the malonyl group and
the secondary sugar do not influence the molecular absorption,
the diglycosylated flavones and the malonated forms will have
the same UVλmax, and the molecular extinction coefficients
are affected only by the difference in mass (18). Thus, apiin is
suitable as a standard for quantifying the malonates of apiin,
and luteolin 7-O-glucoside is suitable for the 7-O-apiosylglu-
cosides and malonates of luteolin and chrysoeriol. In both cases
the concentration has to be corrected by the molecular mass
ratios of analyte and standard compounds.

Two of the peaks inFigure 2A are composed of unresolved,
overlapping peaks (peaks 14A and 14B and peaks 15A and 15B)
and could not be quantified by UV absorption directly. For these
peaks, SIM detection was used to determine the percentage
contribution of each compound to the peak. The total concentra-
tion of the peak, based on UV absorption, was then multiplied
by the appropriate fraction to provide a concentration for each
compound.

Table 2 shows that, for the limited number of samples
analyzed in this study, the total flavone content for the three
celery materials ranged from 4.22 to 16.02 to 21.82 mg/g on a

Figure 2. Chromatograms with UV detection at 350 nm for extracts of (A) celery seed, (B) heat-induced hydrolyzed sample, (C) celery, (D) Chinese
celery, (E) red bell pepper, and (F) parsley.
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dry-weight basis, increasing from celery to Chinese celery to
celery seed. The value of 4.22 mg/g (0.17 mg/g, wet weight)
for the total flavonoid content of celery agrees with published
data (9,14). The total concentrations of the luteolin, apigenin,
and chrysoeriol glycosides were 6.1, 2.4, and 4.9 times greater,
respectively, for Chinese celery compared to celery. Celery seed
had 36% more flavones than Chinese celery and contained more
luteolin and chrysoeriol glycosides and less apigenin glycosides.

Compared to the celery, Chinese celery contained many more
leaves with smaller stalks, suggesting that the flavonoid content
is highest in the leaves. This, however, was not tested directly.

The data inTable 2 show that the most abundant (60-80%)
forms of each glycoside in Chinese celery and celery were the
malonated flavonoids. In celery seeds, the malonated fraction
was lower, but still constituted more than half of the total
flavonoids.

Figure 3. Chromatograms of celery seed extract: (A) UV detection at 350 nm; SIM detection at (B) m/z 667, (C) m/z 651, (D) m/z 681, and (E) m/z
535.

Table 1. Peak Assignment for Aqueous Methanol Extracts of Celery Samples

peak tR (min) [M + H]+/[M − H]- (m/z) PI/NI aglycone (m/z) λmax (nm) identification

1 11.14 −/353 −/191, 179 240, 298 sh, 326 Chlorogenic acid
2 16.43 −/337 −/191, 163 228, 312 coumaroylquinic acid
3 17.66 409/407 247/245 250, 360 un-identified
4 27.05 581/579 287/285 256, 266, 348 luteolin 7-O-apiosylglucoside
5 27.82 449/447 287/285 256, 266, 348 luteolin 7-O-glucosidea

6 32.51 565/563 271/269 266, 338 apiina

7 32.90 667/665 287/285 256, 266, 348 luteolin 7-O-malonyl apiosylglucoside A
8 33.53 595/593 287/285 254, 266, 346 chrysoeriol 7-O-apiosylglucoside
9 34.03 667/665 287/285 256, 266, 348 luteolin 7-O-malonyl-apiosylglucoside B
10 35.10 463/461 301/299 ndb chrysoeriol 7-O-glucoside
11 35.19 667/665 287/285 256, 266, 348 luteolin 7-O-6′-malonyl-apiosylglucoside
12 36.38 535/533 287/285 256, 266, 348 luteolin 7-O-6′-malonyl glucoside
13 38.71 651/649 271/269 nd malonylapiin A
14A 39.76 651/649 271/269 266, 338 malonylapiin B
14B 39.88 681/679 301/299 nd chrysoeriol 7-O-malonyl apiosylglucoside A
15A 40.74 651/649 271/269 266, 338 6′′-malonylapiin
15B 40.79 681/679 301/299 nd chrysoeriol 7-O-malonyl apiosylglucoside B
16 41.41 681/679 301/299 254, 266, 348 chrysoeriol 7-O-6′′-malonyl apiosylglucoside
17 43.44 549/547 301/299 nd chrysoeriol 7-O-6′′-malonyl glucoside

a Ientified with standard. b UV data were not determined.
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This is the first report of 10 naturally occurring glycosylated
flavone malonates in celery, Chinese celery, and celery seeds.
Flavonoid glycoside malonates are known to widely exist in
food plants, but the determination has been difficult because

they are unstable and easy to convert to their corresponding
glycosides. The malonate concentration will depend on sample
storage and handling and, especially, the sample preparation
methods (25, 27, 28). The sample preparation and detection

Figure 4. Chromatograms with UV detection at 350 nm for (A) Chinese celery extract and for heat-induced hydrolysis at 85 °C for (B) 2 h, (C) 8 h, and
(D) 16 h and for (E) acid-hydrolyzed Chinese celery extract.

Table 2. Glycosylated Flavonoid Contents of Dried Celery, Chinese Celery, and Celery Seeds (Milligrams per Gram of Dry Weight)a

compound celery Chinese celery celery seed

luteolin 7-O-apiosylglucosideb 0.14 0.70 6.32
luteolin 7-O-6′′-malonylapiosylglucosideb 0.74 3.98 4.27
luteolin 7-O-malonylapiosylglucoside(s)b 0.06 0.28 0.40
luteolin 7-O-glucoside −c 0.13 0.80
luteolin 7-O-6′′-malonylglucosideb 0.02 0.74 0.92

total luteolin glycosides 0.96 ± 0.05 5.83 ± 0.03 12.71 ± 0.07

apigenin 7-O-apiosylglucoside 0.53 0.93 1.11
apigenin 7 -O-6′′-malonylapiosylglucosided 1.40 3.51 0.47
apigenin 7-O-malonylapiosylglucoside(s)d 0.12 0.34 0.09

total apigenin glycosides 2.28 ± 0.03 5.36 ± 0.05 1.75 ± 0.04

chrysoeriol 7-O-apiosylglucosideb 0.27 0.88 4.67
chrysoeriol 7-O-6′′-malonylapiosylglucosideb 0.71 3.95 2.38
chrysoeriol 7-O-malonylapiosylglucoside(s)b − − 0.31
chrysoeriol 7-O-glucosideb − − −
chrysoeriol 7-O-6′-malonylglucosideb − − −
total chrysoeriol glycoside 0.98 ± 0.05 4.83 ± 0.04 7.36 ± 0.06

total glycosylated flavonoids 4.22 ± 0.08 16.02 ± 0.07 21.82 ± 0.10

a Unless otherwise stated, all values are based on UV absorption. Values for individual compounds are expressed as the mean value (n ) 6 for celery seed and n )
18 for Chinese celery and celery) in mg/g on a dry weight basis. All standard deviations for the individual values were <0.06 mg/g. For total values, mean ± standard
deviation is provided. b Calculated as the molar equivalent of luteolin 7-O-glucoside. c Not quantified; below the limitation of quantification. d Calculated as the molar equivalent
of apiin.
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method used in this study seem to be convenient for the
identification of the flavonoid glycoside malonates in food
plants.
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