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a b s t r a c t

The hydroxycinnamic acid derivatives found in Chicorium endivia var. crispum and var. latifolium polyphe-
nolic extracts were detected and characterized by high-performance liquid chromatography (HPLC)
combined with photodiode array detector (DAD) and electrospray ionization-tandem mass spectrometry
(ESI-MS/MS). The method provides data (molecular weight and diagnostic fragment ions) on the molecular
structure of compounds. The combined approach enabled identification of four hydroxycinnamic deriva-
tives in each chicory extract; three derivatives (5-O-caffeoylquinic acid, 3,4-di-O-caffeoylquinic acid, and
5-O-feruloylquinic acid) were found in both chicories, while 3,5-di-O-caffeoylquinic acid was typical of
ichorium endivia var. crispum
ichorium endivia var. latifolium

var. crispum and cis-caftaric acid of var. latifolium.
© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Over the last 20 years consumption of fresh vegetables and fruit
as been encouraged due to their protective action against several
angerous and diffuse chronic diseases. Such protective effect is
hought to be related to their content in fibers, antioxidant vita-

ins, carotenoids as well as polyphenols [1]. The protective action
f polyphenols has been attributed to their antioxidant properties
nd to their ability to transfer electron-free radicals and to chelate
etal catalysts [2]. More recently, an influence on the expression

f a number of genes involved in inflammatory processes [3], on
he production of radical-generating enzymes [4] and the syn-
hesis and activity of antioxidant enzymes has been documented
5,6].

Polyphenolic compounds are found in many plants, but concen-
rations and chemical forms vary markedly depending on the plant
ource. The most abundant polyphenolic groups are phenolic acids,
avanoids including flavonols, flavan-3-ols, flavanones, flavones,

nthocyanidins, isoflavons, and stilben derivatives.

Phenolic acids, which occur in many types of fruit and
egetables, including green and red salad [7–10], comprise hydrox-
cinnamic acids (e.g. p-coumaric, ferulic, or caffeic acid); these

∗ Corresponding author. Tel.: +39 0382 987373; fax: +39 0382 422975.
E-mail address: gabriella.gazzani@unipv.it (G. Gazzani).
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ind to other compounds (e.g. (−)-quinic acid and cis-tartaric acid),
enerating different derivative groups of which chlorogenic acids
CGA) are the most extensively studied [7]. Specimen structures are
hown in Fig. 1.

Liquid chromatography–mass spectrometry (LC–MS) is held to
e the most powerful approach for qualitative identification of
olyphenolic compounds [11]. LC–MS has been widely used to iden-
ify all kinds of phenolic acids in different food matrices, including
offee beans [9,12], strawberry, dried plums, apple pomace, turnip
op, fruit juices, and fruit drinks [13–17].

In a previous study we found strong antiradical properties
n the polyphenolic fraction of two Cichorium salads, Cicho-
ium endivia var. crispum and var. latifolium [18]. C. endivia L.,

member of the sunflower family (asteraceae, compositae), is
typical Mediterranean plant indigenous to Europe, Western

sia and North America [19]. Both varieties contain a num-
er of chlorogenic acid derivatives [20,21], which could be
esponsible for the antioxidant properties documented in their
henolic extract; however their composition in hydroxycinnamic
cid derivatives has not been exhaustively described. The aim
f this work was to identify and define the chemical struc-

ure of the hydroxycinnamic acid derivatives found in C. endivia
ar. crispum and var. latifolium using high-performance liquid
hromatography (HPLC) coupled with photodiode array detec-
or (DAD) and electrospray ionization-tandem mass spectrometry
ESI-MS/MS).

http://www.sciencedirect.com/science/journal/07317085
mailto:gabriella.gazzani@unipv.it
dx.doi.org/10.1016/j.jpba.2008.04.014
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Table 1
Solvent gradients

Time (min) A (%) B (%)

0 98 2
10 95 5
60 60 40
7
8
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s
as the lowest amount of analyte required to obtain a signal/noise
ratio of 3:1 [22].
Fig. 1. Structures of selected chlorogenic acids (IUPAC numbering).

. Experimental

.1. Chemicals

HPLC-grade and analytical-grade organic solvents, HPLC–MS
rade water and methanol, and the standard compound 5-O-
affeoylquinic acid (chlorogenic acid, 5-CQA) were purchased from
igma–Aldrich (Milan, Italy). HPLC-grade water was prepared with
Milli-Q water purification system (Millipore Corp., Billerica, MA,
SA).

.2. Plant materials

Five clumps of C. endivia var. crispum and five of var. latifolium
ere purchased at a local market. Fresh leaves (20 g) were washed,

ut into small pieces, suspended in 12.5 ml of MeOH–HCOOH (99:1,
/v) and shaken for 1 h in an ice bath in the dark. The mixture was
hen centrifuged for 5 min at 8750 g; the insoluble residue was re-
xtracted three times with the same solvent. The pale green extracts
ere pooled, filtered through a 0.45-�m Millipore membrane of

ellulose acetate/cellulose nitrate mixed esters and then directly
nalyzed by HPLC–DAD and HPLC–ESI-MS/MS.

.3. HPLC conditions

The LC equipment (Thermo Fisher Scientific, San Jose, CA, USA)
omprised a Surveyor LC pump Plus, an autosampler (Finningan
urveyor) with a 25-�l loop and a DAD detector. Separation of
ydroxycinnamic acid derivatives was performed on a Gemini® C18
nalytical column (150 mm × 2.0 mm i.d., 5 �m, Phenomenex, Tor-

ance, CA, USA) connected to a Hypersil Gold C18 guard column
10 mm × 2.1 mm i.d., 5 �m, Phenomenex, Torrance, CA, USA), using
gradient of increasing methanol concentrations in water acidi-
ed with 0.1% formic acid (v/v) (Table 1). Column and autosampler
emperatures were held constant at 4 ◦C. The mobile phase flow

2

c
1

0 40 60
0 0 100
0 0 100

ate was adjusted to 0.3 ml/min; the chromatogram was recorded
t 280, 320, 350, and 370 nm. Spectral data were acquired in the
ange of 200–600 nm for all peaks.

Data were acquired and processed using the Thermo Fisher Sci-
ntific Excalibur 2.0 software.

.4. Mass spectrometry conditions

A Finnigan LCQ Advantage ion trap mass spectrometer (Thermo
isher Scientific, San Jose, CA, USA) was connected to the HPLC
nstrument via an ESI interface for HPLC–MS analysis. The ion trap
as set to operate in data-dependent, zoom scan, full scan, and MSn

ode to obtain fragment ion m/z.
MS operating conditions (negative ion mode) had previously

een optimized by flow injection analysis, using 5-CQA (5 ppm
ater acidified with 0.1% formic acid–methanol solution, 50:50,

/v) to 3.5 kV ionization voltage, a capillary temperature of 260 ◦C, a
heath gas flow rate of 50 arbitrary units, and an auxiliary gas flow
ate of 20 arbitrary units; 5-CQA was fragmented with 35% collision
nergy. For full MS analysis, spectra were recorded in the range of
00–1000 m/z. The width used to isolate precursor ions was set at
.0 units. MSn data were acquired in the automatic data-dependent
ode.
Thermo Fisher Scientific Excalibur 2.0 software was used for data

cquisition and processing.

.5. Preparation of the standard solution and method validation

.5.1. Standard solution and calibration curve
An external standard method was used for quantitation. Briefly,

mg of the 5-CQA standard was accurately weighed and dis-
olved in a 10-ml volumetric flask with methanol to obtain a
tock solution, and stored in a refrigerator at −20 ◦C until use.

orking standard solutions were prepared daily by dilution with
istilled water–methanol (50:50, v/v) in the concentration range
.5–100 �g/ml [20]; the calibration curve was determined on
ve levels of concentration with three injections per level. LC
hromatogram peak areas were plotted against the known concen-
rations of the standard solutions to establish calibration equations.

linear regression equation was calculated by the least squares
ethod [22].

.5.2. Limit of detection
The detection limit (LOD) was assessed by diluting the standard

olution using a concentration sequence. The LOD was calculated
.5.3. Limit of quantification
The limit of quantification (LOQ) was calculated as the lowest

oncentration of analyte required to yield a signal/noise ratio of
0:1 [22].
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Fig. 2. LC–UV-DAD profiles of Chicorium endivia v

.5.4. Repeatability
Three different concentrations of the 5-CQA standard solution

5, 25, and 50 �g/ml) were used for intra- and interday repeata-
ility testing [22]. The areas of the three consecutive injections
erformed at each concentration on 3 different days were used
o calculate %RSD interday repeatability (%RSD interday). Intraday
epeatability data were the areas of six non-consecutive injections
erformed at each concentration on the same day (%RSD intra-
ay).
.5.5. Recovery
HPLC accuracy was determined by recovery tests analyzing three

oncentrations (5, 25, and 50 �g/ml) of the 5-CQA standard. Tests
ere conducted in triplicate. Analyte recovery was expressed as the

atio of mean measured concentration to nominal value [22].

a
m
n
i

pum (A) and var. latifolium (B) extracts (320 nm).

.6. Identification

The extract 5-CQA peak was assigned based on retention time
nd UV spectra of the standard compound using HPLC–DAD; the
eak was further confirmed by HPLC–ESI-MS/MS. The peaks of
he other hydroxycinnamic acid derivatives were identified by
PLC–ESI-MS/MS.

. Results and discussion
The polyphenolic compounds occurring in C. endivia var. crispum
nd var. latifolium were extracted and analyzed using an HPLC–DAD
ethod. UV spectra indicated the presence of some hydroxycin-

amic acid derivatives in the free acid form that were then
dentified using HPLC–ESI-MS/MS.
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Table 2
Negative ion ESI mass spectra of the hydroxycinnamic acid derivatives of C. endivia var. crispum and latifolium extracts

Compound Vegetable C. endivia [M−H]− m/z HPLC–ESI(−)-MS2 m/z (% base peak) Structure

A var. crispum 353 191 (100) 5-O-Caffeoylquinic acid

E var. latifolium 179 (5)

B var. crispum 367 191 (100) 5-O-Feruloylquinic acid

G var. latifolium 173 (5)

C var. crispum 515 353 (100) 3,5-Di-O-caffeoylquinic acid
191 (10)
179 (4)

D var. crispum 515 353 (100) 3,4-Di-O-caffeoylquinic acid

H var. latifolium 173 (24)
179 (17)
335 (11)
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var. latifolium 311

.1. Optimization of chromatographic conditions and HPLC–DAD
ethod validation

In this work, during some tentative gradient elution proce-
ures, a binary mobile phase (water–methanol) was chosen. Given
he presence of polyphenolic compounds in the extracts, a small
mount of formic acid was added to the mobile phase to reduce
ompound ionization and polarity. The optimum mobile phase was
btained with solvent A (water acidified with 0.1% formic acid, v/v)
nd solvent B (methanol) in the gradient mode, as shown in Table 1,
ith a flow rate of 0.3 ml/min. To gain additional information on

he phenolic composition of the two extracts, the UV spectra of all
eaks recorded in the chromatogram were investigated by DAD.
imultaneous monitoring was performed at 280 nm (flavanols),
20 nm (hydroxycinnamic acids), 350 nm (flavones), and 370 nm
flavonols); all spectra were recorded from 200 to 600 nm.

HPLC–DAD method validation was carried out using the 5-
QA standard. Five standard solutions from 0.5 to 100 �g/ml were
ssayed by sequentially injecting each of the five concentrations
rom lowest to highest three times. Peak area versus concentration
lots were obtained and least squares regression analysis was used
o fit lines to the data. The following regression line was obtained:
= 31,595x + 12,427 with a correlation coefficient of 0.9969 over

he concentration range. The relative standard deviations showed
cceptable reproducibility, with RSDs ranging from 0.27% to 1.09%.
he LOD and LOQ were determined by testing dilutions of the
owest 5-CQA concentration. The LOD was 0.1 �g/ml and the LOQ
.260 �g/ml. As regards method repeatability, intraday repeata-
ility RSDs (n = 6) of 5-CQA were 2.25%, 1.25%, and 1.13% for 5,
5, and 50 �g/ml, respectively, while interday repeatability RSDs
3 days, n = 9) at the same concentrations were 2.09%, 1.44%, and
.35%. The accuracy of the HPLC–DAD method was determined by
ecovery tests performed using three 5-CQA standard methanolic
olutions at 5, 25, and 50 �g/ml concentrations. Recovery ranges
ere, respectively 96–106%, 97–103%, and 96–105% for the three

oncentrations, with RSDs less than 18%.

.2. Identification of hydroxycinnamic acid derivatives

The HPLC–DAD profiles of C. endivia var. crispum and var. lat-

folium recorded at 320 nm are shown in Fig. 2. Both exhibited
umerous peaks with distinct absorption maxima, due to differ-
nt polyphenolic species. Four peaks in each extract (A, B, C, and D
or var. crispum and E, F, G, and H for var. latifolium) had identical
V spectra, characterized by absorption bands at 320–325 nm and

1
c

d
a

149 (100) cis-Caftaric acid
179 (41)
135 (3)

42 nm and by a sharp diagnostic shoulder at 290–300 nm that is
ypical of compounds containing a hydroxycinnamic moiety.

5-O-Caffeoylquinic acid (peak A in var. crispum and peak E in
ar. latifolium) was identified by comparing its retention time and
V spectra with that of the standard compound. Its mean concen-

ration, determined in five different clumps per variety analyzed
n triplicate, was 92.02 ± 1.46 �g/ml of extract in var. crispum and
9.78 ± 1.97 �g/ml in var. latifolium.

The chemical structure of 5-O-caffeoylquinic acid was con-
rmed by ESI-MS/MS analysis. In fact, its full negative ion mass
pectra exhibited intense [M−H]− ion at m/z 353 (MW 354), con-
istent with a caffeoylquinic acid derivative; the molecular ion
ragmentation yield fragment ions corresponded to the quinic acid
base peak, m/z 191) and caffeic acid (m/z 179) moieties; 5-CGA
ives the same base peak as 3-CGA but differed from it by a com-
aratively more intense caffeic acid-derived ion at m/z 179: in fact, a
ean intensity of 5% of the caffeic acid-derived ion allowed assign-
ent to 5-O-caffeoylquinic acid, as reported by Clifford [23,24] and

chütz [25].
Investigations of the chemical structure of the other hydoxycin-

amic acid derivatives by HPLC–ESI-MS/MS and the comparison of
btained mass data with those ones reported in literature [23–25]
llowed structure assignment (Table 2). In C. endivia var. crispum
xtract, the molecular ion [M−H]− of compound B was detected at
/z 367 (MW 368). MS2 analysis showed the presence of two main

ragment ions at m/z 191 and at m/z 173; the first fragment ion,
orresponding to the base peak, was attributed to the quinic acid
oiety; the second appears to be attributable to the ferulic acid
oiety. The compound was therefore identified as a feruloylquinic

cid; the fact that m/z 191 is the base peak led to its identification as
-O-feruloylquinic acid isomer. Compound C partly co-eluted with
ompound D in the UV profile; both had [M−H]− at m/z 515 (MW
16) as well as fragment ions at m/z 353, due to chlorogenic acid
fter expulsion of one caffeic acid moiety in the MS2 experiment,
nabling its attribution to di-caffeoylquinic acid isomers. The two
somers can be differentiated by their secondary peaks; identifica-
ion of m/z 191 (mean intensity, 10%), and 179 (mean intensity, 4%)
n MS2 spectra of compound C besides the base peak at m/z 353
llowed the compound to be identified as 3,5-di-O-caffeoylquinic
cid [25]. The presence of m/z 335, besides m/z 353, m/z 173 and

79 in MS2 spectra of compound D was characteristic of 3,4-di-O-
affeoylquinic acid [7,23].

The latifolium variety contained three other hydroxycinnamic
erivatives besides 5-CQA; the MS and MS2 spectra of compound G
nd H evidenced the molecular ions and corresponding fragmenta-



4 al and

t
O
A
3
a
b
a
i
m

4

d
C
c
i
a
b

t
p
h
d
c
l
c
s

a

A

C

R

[

[
[

[
[
[

[

[

[
[
[

[

[

support/pdf support/Q2a.pdf, 1997.
76 A. Papetti et al. / Journal of Pharmaceutic

ion ions found in compounds B and D (var. crispum extract), i.e. 5-
-feruloylquinic acid and 3,4-di-O-caffeoylquinic acid, respectively.
nalysis of compound F disclosed a molecular ion at m/z 311 (MW
12), fragments of both tartaric acid (base peak, m/z 149) and caffeic
cid (m/z 179), and a low signal produced by the caffeic acid decar-
oxylation (m/z 135). The compound was thus identified as caftaric
cid; in particular it was its cis-isomer, because of the lack of m/z 623
n MS spectra, corresponding to adduct formation of two individual

olecules of caftaric acid, typically of the trans-isomer [25].

. Conclusions

The method used in this study proved accurate and repro-
ucible, and suitable for the exhaustive qualitative evaluation of
hicorium vegetable extracts. HPLC–DAD profiles identified several
ompounds belonging to different polyphenolic classes, includ-
ng hydroxycinnamic acid derivatives; combined use of HPLC–DAD
nd ESI-MS/MS enabled molecule identification and discrimination
etween different isomers of the same class.

Our findings indicate that the hydroxycinnamic acid deriva-
ive composition of two varieties of a common Mediterranean
lant (C. endivia) differed in one constituent. They shared three
ydroxycinnamic acid derivatives, 5-O-caffeoylquinic acid, 3,4-
i-O-caffeoylquinic acid and 5-O-feruloylquinic acid, while the
rispum variety also contained 3,5-di-O-caffeoylquinic acid and var.
atifolium contained cis-caftaric acid. In addition, the mean 5-O-
affeoylquinic acid concentration determined in var. crispum was
ignificantly higher (p < 0.01) than that determined in var. latifolium.

Research is under way to identify and quantify the other char-
cteristic polyphenol compounds of the two vegetables.
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