
A
E

A
H
a

b

B
c

6

a

A
R
A
A

K
E
M
U
Q
M

1

t
f
m
c
T
d
e
n
c
[
f
o
a

g
a
v

1
h

Journal of Chromatography B, 907 (2012) 108– 116

Contents lists available at SciVerse ScienceDirect

Journal  of  Chromatography  B

jo u r n al hom epage: www.elsev ier .com/ locate /chromb

 rapid  validated  UHPLC–PDA  method  for  anthocyanins  quantification  from
uterpe  oleracea  fruits

.L.S.  Diasa, E.  Rozetb, G.  Chataignéa,  A.C.  Oliveirac,  C.A.S.  Rabeloc,  Ph.  Hubertb,
.  Rogezc,  J.  Quetin-Leclercqa,∗

Laboratoire de Pharmacognosie, LDRI (Louvain Drug Research Institute), UCL (Université catholique de Louvain), Av. E. Mounier, 72, B1.72.03, 1200 Brussels, Belgium
Laboratoire de Chimie Analytique, Département de Pharmacie, CIRM (Centre Interfacultaire de Recherche du Médicament), ULg (Université de Liège), CHU, B36, B-4000 Liège,
elgium
Faculdade de Engenharia de Alimentos, UFPA (Universidade Federal do Pará) & CVACBA (Centre for Agro-food Valorisation of Amazonian Bioactive Compounds), Av. Perimetral s/n,
6.095-780 Belém – PA, Brazil

 r  t  i  c  l  e  i n  f  o

rticle history:
eceived 9 May  2012
ccepted 9 September 2012
vailable online 16 September 2012

eywords:

a  b  s  t  r  a  c  t

The  aim  of  this  work  is to  develop  the  first validated  UHPLC–PDA  method  for major  anthocyanins  quantifi-
cation  in  Euterpe  oleracea  fruits  after  fast  extraction  procedures  and  samples  preparation.  The separation
was performed  on HSS  C18  column  (1.8  �m)  using  a gradient  elution  with  acetonitrile  and  5%  formic
acid  in  a total  run time  of  only  17  min.  Total  error  and  accuracy  profiles  were  used  as  criteria  for  the
validation  process.  Calibration  in  the  matrix  was  found  to  be  more  accurate  than  calibration  without
uterpe oleracea
ajor anthocyanins
HPLC
uantification
ethod validation

matrix.  Trueness  (<6.76%  relative  bias),  repeatability  (<4.6%  RSD),  intermediate  precision  (<5.3%  RSD),
selectivity,  response  function  and  linearity  for major  anthocyanins,  cyanidin-3-glucoside  and  cyanidin-
3-rutinoside,  were  evaluated.  The  concentration  range  validated  was  1–48  �g/mL  for  both  compounds.
In  addition  two  cyanidin-di-O-glycosides  were  detected  for the  fist  time  in  this  fruit.  We  also  showed
that  a  first extraction  of the fruits  with  ethyl  acetate  removes  the  lipophilic  compounds  and  allows  an
easier  extraction  by  methanol  and  quantification  of  anthocyanins  in  this  extract.
. Introduction

It is generally accepted that anthocyanins are the most impor-
ant pigments in vascular plants. These pigments are responsible
or the blue, purple, red colors and intermediate hues present in

any plant tissues. They belong to the very large class of molecules
alled flavonoids synthesized via the phenylpropanoid pathway.
here are hundreds of anthocyanins (glycosides) in nature that are
erived from several anthocyanidins (aglycones). The main differ-
nces between them are the number of hydroxylated groups, the
ature and the number of bonded sugars, the aliphatic or aromatic
arboxylates bonded to the sugar and the position of these bonds
1,2]. Anthocyanins extracts from fruits are of great interest for the

ood industry and health sector. In fact many biological activities
f the anthocyanins related to their potent antioxidant properties
re described in the literature [3,4].

Abbreviations: CID, collision-induced dissociation; cy3glu, cyanidin-3-
lucoside; cy3rut, cyanidin-3-rutinoside; EOF, Euterpe oleracea fruits; EtOAc, ethyl
cetate; ME,  matrix effect; MeOH, methanol; MeOH 50%, methanol/water (50/50,
/v); PE, process efficiency; RE, recovery; RSD, relative standard deviation.
∗ Corresponding author. Tel.: +32 2 764 72 54; fax: +32 2 764 72 93.

E-mail address: joelle.leclercq@uclouvain.be (J. Quetin-Leclercq).

570-0232/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.jchromb.2012.09.015
© 2012 Elsevier B.V. All rights reserved.

The palm Euterpe oleracea is widely distributed in northern
South America. It is particularly abundant in the floodplains of
the Amazonian delta where it has high economic importance. The
fruits are mainly harvested between July and December. They are
round-shaped drupes (diameter of about 12 mm)  and associated
in racemes [5].  The seed represents around 85% of the volume of
the fruit. The epicarp is a thin layer and the mesocarp is 1–2 mm
thick [6].  The fruit color goes from green to black during the ripen-
ing process. In addition fully ripen fruits are covered with a wax
cuticle [5].  The ripen fruits have a very high content in pheno-
lic compounds and notably anthocyanins. Cyanidin-3-rutinoside
(cy3rut) and cyanidin-3-glucoside (cy3glu) are the major antho-
cyanins in E. oleracea fruits (EOF) [5,7,8] and as a consequence
the content of anthocyanins attributed to fruit or fruit juices are
basically based on this two  compounds [9,10].  Some other minor
anthocyanins have been identified in trace levels, like pelargonidin-
3-glucoside, peonidin-3-glucoside, cyanidin-3-sambubioside, and
peonidin-3-rutinoside [11,12]. The fruits have also presented sub-
stantially higher antioxidant activity than most other fruits [10,13].
This contributed for the huge increase of the exports from Brazil and

internal consumption of this fruit observed recently [14].

EOF are harvested at different maturity stages. Recently special
attention has been given to the analysis of phenolic compounds
of EOF during ripening [9,15] and to fingerprinting analysis of

dx.doi.org/10.1016/j.jchromb.2012.09.015
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:joelle.leclercq@uclouvain.be
dx.doi.org/10.1016/j.jchromb.2012.09.015
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ietary supplement raw materials derived from this fruit [16]. In
act accurate characterizations of these compounds from reliable
nalytical methods are very important for the post-harvest and
ood industry. In addition the validation of analytical methods gives
o laboratories as well as to regulatory bodies “guarantees” of the
eliability of the measures performed and minimize the consumer
nd the producer risks [17]. To our knowledge no article describing

 (U)HPLC–UV method for the quantification of the major antho-
yanins from EOF has been validated [6,9–12,15,18–20], probably
or some of them, because they are not so recent. One poster was
ound about method validation and analysis of the major antho-
yanins from EOF using UPLC and HPLC methods, but no validation
ata was available [21]. The run times of these HPLC methods are
ery long. Nowadays the use of UHPLC methods has become a trend
ecause of improved resolution, higher sensitivity and reduction
f the run time and solvent volumes [22]. A few validated UHPLC
ethods have been reported for the quantification of cy3glu and/or

y3rut [23–26].  But these methods analyzed milk-based products
r biological fluids and tissues for bioavailability and pharmacoki-
etic studies. They use MS  detectors for the quantification in trace

evels. Therefore the sample matrix of these methods is very differ-
nt of a plant matrix. In addition these compounds are present in
OF in high and variable concentrations [9,10].  In this case the vali-
ation of a wide dosing range with concentration levels covering
lso high concentrations is more suitable. The use of highly sensi-
ive MS  detectors is adapted for trace analysis. However the PDA
etectors are sensitive enough for the concentration of cy3glu and
y3rut generally found in EOF [6,8,10–12,18].  The aim of this work
s to develop and validate a UHPLC–PDA method for the cy3glu and
y3rut quantification in EOF after fast extraction procedures and
amples preparation.

. Experimental

.1. Chemicals and plant material

Cy3glu (98.0%), cy3rut (97.2%), pelargonidin-3-glucoside
100%), peonidin-3-glucoside (95.0%), peonidin-3-rutinoside
95.5%) and cyanidin-3,5-diglucoside were purchased from
xtrasynthèse (Genay, France). HPLC grade acetonitrile from
isher Scientific (Tournai, Belgium) and formic acid from Pro-
abo, VWR  (Leuven, Belgium) were used for the UHPLC runs.
he Chromabond® C18 cartridges (1 g/6 mL)  were acquired from
acherey-Nagel (Düren, Germany).
The EOF were harvested in the municipal district of Abaete-

uba between July and December 2010 at four different maturity
tages, identified as A, B, C, and D, corresponding to the maturity
tages 2, 6, 8, and 11, respectively according to Rogez et al. [9].
he following fruits characteristics were used to classify the matu-
ity stages: 20% of black fruits and 80% of green fruits (A), 100% of
lack and bright fruits (B), 60% of black fruits and 40% of opaque
ruits (C), and finally 100% of black with intense gray coverage due
o the presence of the intense wax cuticle (D). The samples were
uickly transported to the laboratory in Belém (Pará State, Brazil)
nd immediately processed.

.2. Extraction and clean-up procedure

The fruit samples were weighed (49.1–50.3 g) and introduced
n 150 mL  brown glass bottle. The fruits were extracted sequen-
ially by EtOAc (0.1% HCl), MeOH (0.1% HCl) and MeOH/H2O (50/50,

/v) (0.1% HCl). Each extraction was carried out twice with a ratio
ruits/solution of 1:3, for 30 min  at ambient temperature and with-
ut shaking. The extracts were called MeOH, EtOAc and MeOH
0% extracts respectively. The extracts were centrifuged for 10 min
. B 907 (2012) 108– 116 109

at 4300 × g. The residue of the EtOAc extract was re-extracted in
MeOH/HCOOH (99/1, v/v) (10 mL)  by ultrasound extraction (5 min),
the other residues were re-extracted in their respective extraction
solution. After centrifugation the supernatants of each extrac-
tion were mixed before drying. The EtOAc and MeOH extracts
supernatants were evaporated to dryness with an acid-resistant
CentriVap® vacuum concentrators (Labconco, Kansas City, MO)  at
40 ◦C. The MeOH 50% extract supernatant was concentrated in the
same conditions and then freeze dried. They were stored at −21 ◦C
and sent to Belgium to be analyzed.

As the EtOAc extract was a little viscous, probably due to
the presence of nonpolar compounds like lipids and chloro-
phylls, it was  purified by solid phase extraction (SPE). First, the
extract was reconstituted in MeOH/H2O/HCOOH (90/9/1) to the
concentration of 14 mg/mL (for all EtOAc extracts) and 0.8 mL
was  applied on a C18 SPE cartridge (1 g/6 mL)  (Chromabond,
Düren, Germany). This cartridge was previously conditioned in
MeOH/H2O/HCOOH (90/9/1). Then the anthocyanins were eluted
with 9 mL  of MeOH/H2O/HCOOH (90/9/1) and recovered in a test
tube. Afterwards the anthocyanins fraction was evaporated to dry-
ness with a RapidVap multi-tube evaporator (Labconco) adjusted
at 40 ◦C. The dried fraction was  called the “anthocyanins fraction”
and was  stored at −21 ◦C until analysis.

The day of the analysis the totality of the anthocyanins
fraction obtained from each SPE was solubilized with 1 mL  of
MeOH/ACN/H2O/HCOOH (15/5/75.25/4.75) (Solution S). The solu-
bilized fraction was then filtered on a 0.2 �m filter (Interchrom,
Montluç on, France) and immediately injected into UHPLC.

The solutions from dried MeOH and MeOH  50% extracts were
prepared at 0.25 mg  of dried extract/mL. The final solvent compo-
sition of this solution was the same that the solvent composition of
the Solution S. The solutions were also filtered and directly injected
into UHPLC.

2.3. Apparatus and UHPLC–PDA–ESI-MS/MS analysis

The analysis were performed on a Accela UHPLC system
acquired from Fisher Scientific (Thermo Fisher Scientific, Bre-
men, Germany) that consisted of a PDA detector, an autosampler
equipped with a column oven and a tray compartment cooler
and a quaternary pump with a built-in solvent degasser, all
piloted by ChemoQuest software. The chromatographic separa-
tion was performed on an Acquity UPLC HSS C18 column 1.8 �m,
100 mm × 2.1 mm ID (Waters, Belfast, Ireland) equipped with a
VanGuard UPLC HSS C18 pre-column 1.8 �m, 5 mm × 2.1 mm ID
from the same supplier. 5 �L of samples was  injected in a full loop
injection mode. The separations were performed with a constant
flow rate of 400 �L/min with the eluents being (A) H2O/HCOOH
(95/5) and (B) ACN with the following gradients: 0–10 min: 5–15%
B; 10–10.1 min: 15–95% B; 10.1–12 min: 95% B; 12–12.1 min:
95–5% B; 12.1–17 min: 5% B. The column oven and tray cooler tem-
peratures were set to 30 and 4 ◦C respectively. For quantitative
analysis the PDA detector was used at 515 nm.  The quantification
was  performed using the external calibration method.

The Accela UHPLC system was hyphenated with a LTQ-Orbitrap
XL mass spectrometry system (Thermo Fisher Scientific, Bre-
men, Germany) from UCL MASSMET platform. This system was
employed to perform the identifications and evaluation of the
selectivity of the method for all extracts and all maturity stages
using the same separation conditions aforementioned. The system
was  equipped with an ESI interface that was used in positive ion-
ization mode with the following conditions: capillary temperature

and voltage at 270 ◦C and 9 V respectively, ion spray voltage at 5 kV
and tube lens voltage at 95 V. Nitrogen was  used as the sheath gas
and helium as auxiliary gas with a flow rate of 20 and 10 arbi-
trary units. The compounds were identified by comparison with



1 atogr

r
s
w
o
d
i
M
w
c
d

2

0
a
s
d
h
t
o
r
c
s
w
c
(
p
c
i
S
t
c
o
i
o
s

m
l
a
(

2
e

(
c
f
c
a
2
r
(
f
o

0
o
f
d
(
d
s
t

10 A.L.S. Dias et al. / J. Chrom

eference compounds from retention times, MS  and MS/MS analy-
is. For the MS  experiments two scan events were applied. The first
as a full MS  scan, for which the spectra were recorded in the range

f m/z 100–1000 with a resolution of 30,000. The second was a data
ependent scan that selected the most intense ion or specified ions

n another setting from the first scan event for the acquisition of
S/MS  spectra. The collision-induced dissociation (CID) activation
as set to a normalized collision energy of 20% or 15%. An external

alibration of the equipment for mass accuracy was carried out the
ay before the analysis according to the manufacturer’s guidelines.

.4. Standard solutions

The Stock solution containing cy3glu and cy3rut at 0.98 and
.972 mg/mL  respectively was prepared in MeOH/HCOOH (99/1)
nd stored at −21 ◦C. Good stability of anthocyanins is known in
imilar storage conditions [27]. An aliquot of this solution was
iluted to 98.0 and 97.2 �g/mL (cy3glu and cy3rut respectively) to
ave the same final solvent composition as Solution S. This solu-
ion, called “Standards Intermediate Solution 1” was diluted to
btain the calibration standards at 5 concentration levels (m = 5)
anging from 1.0 to 49.0 for cy3glu and from 1.0 to 48.6 �g/mL for
y3rut. Each concentration was analyzed three times (n = 3) for 3
eries of experiments (k = 3). Another set of calibration standards
as prepared in the MeOH extract itself in order to compare the

alibration with and without matrix. A solution of MeOH extract
maturity stage B) of 0.5 mg/mL  was prepared (final solvent com-
osition = Solution S composition) and was used to prepare the
alibration standards in the matrix. They were prepared by dilut-
ng in the extract the same volumes of Standards Intermediate
olution 1 that were employed for the preparation of the calibra-
ion standards without matrix. The signals from the cy3glu and
y3rut initially present in the extract was subtracted from the peaks
btained with these solutions. The final concentration of the extract
n each solution was the same (0.25 mg  of extract/mL). The number
f concentration levels, series and repetitions per series were the
ame than without matrix calibrations (m = 5, k = 3 and n = 3).

The validation standards were prepared in the same way as the
atrix based calibration standards. Five concentrations were ana-

yzed (m = 5) and the dilutions from the stock solutions of standards
nd extract were independents for each sample (n = 3). Three series
k = 3) were performed.

.5. Evaluation of the SPE clean-up procedure and the matrix
ffect

For the clean-up procedure of the EtOAc extract the recovery
RE) of the SPE process was determined along with the overall “pro-
ess efficiency” (PE) and the matrix effect (ME). It was calculated
or both cy3glu and cy3rut according to an adaptation of the pro-
edures of Matuszewski [28]. From the standards stock solution
n intermediate solution called “Standards Intermediate Solution
” was prepared at 196.0 and 194.4 �g/mL (cy3glu and cy3rut
espectively) for a final solvent composition of MeOH/H2O/HCOOH
90/9/1). Three different SPE called SPE 1, SPE 2 and SPE 3 were per-
ormed, each one in triplicate, as described below from a solution
f EtOAc extract of the maturity stage B.

Along with the extract solution volume an additional volume of
.125 �L was applied on the SPE cartridges. This volume consisted
f a blank solution of MeOH/H2O/HCOOH (90/9/1) that was applied
or SPE 1 and SPE 2 cartridges while it consisted of the Stan-
ards Intermediate Solution 2 that was applied for SPE 3 cartridges

spiked with standards before SPE extraction). After SPE elution and
rying of the fraction the same volume of 0.125 �L of the blank
olution was applied in the tubes containing the anthocyanins frac-
ion obtained from SPE 1 and SPE 3 while 0.125 �L of Standards
. B 907 (2012) 108– 116

Intermediate Solution 2 was  applied in the tubes containing the
anthocyanins fraction obtained from SPE 2 (spiked with standards
after SPE extraction). The solutions in all tubes were adjusted to
1 mL  and the final solvent composition was the same that the sol-
vent composition of the Solution S cited in Section 2.2.  Finally, in
order to have a reference of the standard responses without SPE,
0.125 �L of the Standards Intermediate Solution 2 was diluted in
triplicate in new tubes to 1 mL.  The final concentrations of this solu-
tion were 24.5 and 24.3 �g/mL for cy3glu and cy3rut respectively
and the final solvent composition was also the same of the Solution
S. All solutions of anthocyanins fraction obtained from SPE 1, SPE 2
and SPE 3 as well as the diluted Standards Intermediate Solution 2
(reference without SPE) were filtered and injected into the UHPLC
for peak area recording.

The ME,  RE and PE values for the cy3glu and cy3rut were calcu-
lated as follows:

ME (%) = MPA2 − MPA1
MPAs

× 100 (1)

RE (%) = MPA3 − MPA1
MPA2 − MPA1

× 100 (2)

PE (%) = MPA3 − MPA1
MPAs

×  100 (3)

where MPA1, MPA2 and MPA3 are the mean peak areas of the com-
pounds of the anthocyanins fraction obtained from SPE 1, SPE 2 and
SPE 3 respectively, and MPAs are the mean peak areas of reference
without SPE.

The response of the cy3glu and cy3rut spiked after SPE extrac-
tion (MPA2 − MPA1) were back-calculated from a calibration curve
prepared in the matrix (MeOH extract) whose preparation was
explained in Section 2.4.  Eq. (1) and the back-calculated concen-
trations were used to evaluate the influence of the matrix on the
detection and on the quantification from a calibration curve pre-
pared in the matrix.

For the MeOH 50% extract of maturity stage B only the matrix
effect was evaluated as it did not undergo a SPE process. The pro-
cedure for this evaluation is the same as previously described. The
extract solution was  prepared at 0.5 mg/mL  and had the same final
solvent composition of the Solution S. In order to measure MPA
2 (spiked solution referred to in Eq. (1)), the extract solution was
spiked with the intermediate solution 1 cited in Section 2.4 with
a final concentration of 24.5 and 24.3 �g/mL for cy3glu and cy3rut
respectively. To measure MPA  1 (not spiked), the extract solution
was  diluted twice with blank solution S. Finally, the Standards
Intermediate Solution 1 was diluted to the same concentration
but in blank solution S in order to have the reference without
matrix (MPAs in Eq. (1)). All solutions were prepared in triplicate
and injected into UHPLC to record the peak areas to calculate ME
and evaluate the back-calculated concentrations as for the EtOAc
extract.

2.6. Validation of the method

The validation of the method was realized from three series
of experiments. For each series the eluents of the mobile phase
were renewed and 78 injections were performed. From these series
the following criteria were tested: response function, linearity,
selectivity, precision (repeatability and intermediate precision),
trueness, accuracy, limits of detection (LOD) and quantification
(LOQ) and matrix effect. Total error was used as decision crite-
rion for the validation process [17,29–31].  The acceptance limits

were set at � = ±20% and the minimum probability to obtain future
results within these limits was  set at ˇ = 95% (�-expectation lim-
its). Statistical analyses were performed using the e-noval V3.0
(Arlenda, Liège, Belgium) software.
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. Results and discussion

.1. Extraction, SPE clean-up procedure and matrix effect

A sequential extraction method with different solvents was
eveloped for the extraction of anthocyanins. On the surface of
he fruits a thin layer of lipids could interfere with the transfer
f anthocyanins from the cells to any polar extraction solution in
he conditions of extraction used in this study. Thus before apply-
ng quite polar extraction solutions as MeOH, a less polar solution
tOAc (0.1%HCl) was applied to remove the lipids and other apo-
ar compounds like chlorophylls and to begin the extraction of the
nthocyanins.

We developed a clean-up procedure for the EtOAc extract by
PE from C18 cartridges and observed that a complete elution of
he anthocyanins was obtained with 7 mL  of MeOH/H2O/HCOOH
90/9/1) for the different maturity stages. No further anthocyanin
lution was observed after an additional elution with 6 mL  of acid-
fied MeOH (data not shown).

The matrix effect (ME  ± SD) was calculated by Eq. (1) and gave
4.5% (±2.0) and 96.7% (±1.9) for cy3glu and cy3rut respectively,

ndicating no significant influence of the matrix on the response.
he back-calculated concentrations of the spiked solution from a
alibration curve in the MeOH extract matrix as described in Sec-
ion 2.5 were 23.7 (SD ± 0.5) and 24.2 �g/mL (SD ± 0.5) for cy3glu
nd cy3rut respectively which were not significantly different
rom to the spiked concentrations of cy3glu and cy3rut (24.5 and
4.3 �g/mL respectively). These results confirm that the responses
f the “anthocyanins fraction” can be analyzed from the calibration
urve in the MeOH extract matrix.

The recovery (RE ± SD) was calculated by Eq. (2) as described in
ection 2.5.  The RE were 58.7% ± 4.9 and 74.6% ± 3.6 for cy3glu and
y3rut respectively. These values were taken into account for the
alculation of their concentrations in the EtOAc extract. Recover-
es of these orders can be used to correct the final results [32]. In
ddition the recoveries obtained have a good repeatability. Similar
alues of “process efficiency” (PE ± SD) were obtained according to
q. (3) which corresponded to 55.4% ± 4.0 and 72.0% ± 2.4 for cy3glu
nd cy3rut respectively, which is logical as no matrix effect was
bserved. The recovery obtained was inferior to the one obtained by
acheco-Palencia et al. [19] who used a C18 cartridge and an acidi-
ed MeOH as eluent for anthocyanin extraction from the clarified E.
leracea juice. Considering that the SPE conditions were relatively
imilar, the inferior recovery we obtained could be explained by
he different lipid content of the samples or by the degradation of
ompounds during drying procedures which probably was  more
ime consuming because of the presence of water. We  also have to
ote that the amount of cy3glu and cy3rut in the EtOAc extract is
ery low compared to the total concentrations in the fruits.

No significant matrix effect was also observed for the MeOH
0% extract (ME  = 98.8% ± 3.2) and back calculated concentrations
ere 24.6 �g/mL ± 0.8 for both compounds. This confirms that the

nthocyanin quantification from this MeOH 50% extract can be per-
ormed from the calibration curve in the matrix constructed with

eOH extract.

.2. Development of the UHPLC method

The UHPLC method that we developed allowed separating the
ajor and minor anthocyanins detected in the extracts (Fig. 1a)

n only 10 min  on a total run time of 17 min. Some of these com-
ounds (peaks 3–7) are the dominant anthocyanins of many other

erry fruits [4] for which this separation method can be applied.
ood resolution of the peaks is very important when UV detec-

or is used. Another work using UHPLC C18 column [16] did not
rovides the complete chromatographic separation of the major
. B 907 (2012) 108– 116 111

anthocyanins of EOF, because it used MS  detector for which no
separation of peaks that have different molecular ions is necessary.
In addition the total run time of our method was 2.1× faster that
this one. Regular HPLC methods for E. oleracea anthocyanins have a
total run time between 30 and 80 min  [6,8–12,15,18–20,33] so that
our UHPLC method is 1.8–4.7× faster, which shows the interest of
UHPLC analysis for these compounds. In terms of organic mobile
phase, ACN, MeOH and a mixture of ACN/MeOH (1/1) were tested.
A better resolution and a faster elution of the chromatographic
peaks were obtained with ACN. Moreover its lower viscosity and
consequently lower back pressure promoted a better system sta-
bility. The acidified mobile phase allowed a predominance of the
flavylium cation species and a better separation, as reported previ-
ously [27]. We  used 5% formic acid in the aqueous solution of the
mobile phase which corresponds to a quite low pH (1.8) because
we  observed that smaller acid percentages provided an increase
of the retention times and decreases peaks resolution. In addition,
the predominance of the flavylium cation forms provided better MS
detection in positive ionization mode that we applied for the iden-
tification studies. It was  necessary to apply a linear gradient with
low slope (5–15% ACN in 10 min) to separate all the peaks. From
this gradient interval, convex and concave gradients were tested
but the conditions aforementioned remained the better compro-
mise between the run time and resolution of the peaks. The samples
were very well solubilized in ACN/H2O/MeOH/HCOOH (5/75/15/5).
In fact, the dissolution solvent is an important parameter for UHPLC
where it has more influence on the chromatographic separation
than with conventional HPLC analysis [34].

The final UHPLC conditions were: acetonitrile and 5% formic
acid in water as mobile phase, eluted at a constant flow rate of
400 �L/min with a gradient of 5–15% ACN in the first 10 min, after
that a washing of the column was  performed with 95% ACN and an
equilibration of 4.9 min  to the initial condition.

3.3. Validation of the method

3.3.1. Identification and selectivity
From the full high resolution MS  scan analysis in positive

mode, the anthocyanins molecular ions were detected in their oxo-
nium form and their molecular weight were directly obtained.
Peak 1 showed a molecular ion at m/z 611.15839 [M]+ (calcu-
lated mass: 611.16066) from which the formula [C27H31O16]+ was
deduced. From the data-dependent MS/MS  acquisition (CID = 15%)
the molecular ion showed two  fragment ion at m/z  449,10614
[M−162]+ and m/z 287.05411 [M−162−162]+ due the loss of two
hexoses sequentially (Fig. 2a). The fragment ion at m/z 287 indi-
cates the presence of cyanidin or an isomer in the structure of the
molecule. According to the literature [35] the only disaccharide
linked to anthocyanins losing a sugar after MS/MS  is the rutinoside.
The presence of rutinose in the structure is excluded because its
fragmentation did not correspond to a sequential loss of two  m/z
162 fragments. As we observed the fragment ion at m/z  449 [M]+,
the two  hexoses must be likely attached at different positions,
probably to oxygen atom because a carbon-carbon bond of a C-
glycosilation is more difficult to be broken, but the exact position of
the sugars cannot be ensured by MS.  Peak 2 showed similar MS data
than peak 1 (Fig. 2b and Table 1) indicating that these compounds
are isomers. Nevertheless retention time of these two  compounds
was  different from standard of cyanidin 3,5-diglucoside. Peaks 1
and 2 were partially identified for the first time in EOF. The reten-
tion times and the MS  data (CID = 20%) of peaks 3–7 were compared
with those of standards allowing their identification (Table 1) con-

firming other studies [5–12]. All peaks were present in the MeOH
extract of all evaluated maturity stages, but in the EtOAc and
MeOH 50% extract only cy3glu and cy3rut were always observed at
detectable levels.
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utinoside.

Special attention was dedicated in the anthocyanin identifica-
ions because some studies reported different profiles with respect
o the major anthocyanins in EOF. Cyanidin-3-arabinoside and
yanidin-3-arabinosylarabinoside were reported as major antho-
yanins in [36]. In another study peonidin-3-(6′′-malonylglucoside)
nd delphinidin 3-(6′′-acetoyl)glucoside in addition to cy3glu and
y3rut were reported as major anthocyanins [33]. These other
ajor anthocyanins were not detected in our study.
The selectivity of the analytical method was assessed by peak

urity verification of the cy3glu and cy3rut from the UHPLC–MS
nalysis. Mass spectra were recorded at three retention times corre-
ponding to the beginning, the middle and the end of the peaks and
ere found to be similar for the different extracts (anthocyanins

raction of the EtOAc extract, MeOH and MeOH 50% extracts) and for
ll maturity stages studied. Fig. 3 gives one example of MS  spectra
or cy3glu (Fig. 3a–c) and cy3rut (Fig. 3d–f) from the MeOH extract
f the maturity stage C which is the most commercialized [5].

.3.2. Response function and accuracy
For both compounds, cy3glu and cy3rut, different regres-

ion models were tested such as linear, quadratic (weighted or

nweighted), with or without transformations. Total error (sys-
ematic + random error) was the main decision criterion for our
alidation process. The suitability of the different models was
ssessed by plotting the accuracy profiles using 95% �-expectation

able 1
nthocyanins identification of Euterpe oleracea fruits by UHPLC–PDA–MS/MS method.

Peaka RT UHPLC–PDA (min) Experimental mass m/z
[M]+ (error: ppm)

For

1 3.85 611.15839 (−3.72) C27

2 4.18 611.15845 (−2.21) C27

3 5.19 449.10654 (−2.89) C21

4 6.01 595.16418 (−2.63) C27

5 6.75 433.11191 (−2.34) C21

6 7.90 463.12198 (−3.26) C22

7 8.51 609.17908 (−3.803) C28

a The numbers correspond to Fig. 1.
b Best fitted molecular formula obtained by HRMS.
c Not fully identified on the basis of the MS  data.
d Identification were confirmed by analysis of standards.
racts and (c) anthocyanins fraction of the EtOAc extract. 1: cyanidin-di-O-glycoside,
-rutinoside, 5: pelargonidin-3-glucoside, 6: peonidin-3-glucoside, 7: peonidin-3-

tolerance intervals and ±20% acceptance limits. For cy3glu cal-
ibration in the matrix using a linear regression was chosen for
the quantification. With this calibration model all concentrations,
except the lowest one, gave results within the acceptance limits
(Fig. 4a). The same linear regression but in a calibration with-
out matrix showed higher values of total error for the two lowest
concentration levels (Fig. 4b). Improved accuracy profiles for low
concentration levels were also obtained in a calibration in the
matrix for other phenolic compounds in a HPLC–UV method [37].

Several calibration models for cy3rut showed relatively good
accuracy profiles, with the tolerance intervals within the ±20%
acceptance limits. The weighted (1/X) linear regression in the
matrix was chosen for the quantification because it gave the best
accuracy profile. We  also observed, as for cy3glu, lower total error
when calibration was  made in the matrix (Fig. 4c and d). Accuracy
values obtained for cy3glu and cy3rut are summarized in Table 2.
This work was the first that evaluated an external calibration in
the matrix extract. In other quantification studies from EOF, exter-
nal calibrations without matrix were applied from non-validated
methods [6,9–11,15,18–20].
3.3.3. Trueness, precision and linearity
The values obtained are also summarized in Table 2. Trueness

expressed in terms of relative bias was generally inferior to 6.76%
for cy3glu to 3.6% for cy3rut which shows the good trueness of

mula [M]+ MS/MS  (m/z) Identification

H31O16
b 287.05411, 449.10614 Cyanidin-di-O-glycosidec

H31O16
b 287.05426, 449.10645 Cyanidin-di-O-glycosidec

H21O11 287.05423 Cyanidin-3-glucosided

H31O15 287.05411, 449.10620 Cyanidin-3-rutinosided

H21O10 271.05939 Pelargonidin-3-glucosided

H23O11 301.07053 Peonidin-3-glucosided

H33O15 301.07056, 463.12305 Peonidin-3-rutinosided
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ig. 2. (a) MS/MS  spectra of the molecular ion at m/z 611.15839 [M] correspondi
Fig.  1) (MeOH extract obtained from Euterpe oleracea fruits at maturity stage C).

he method. The precision is evaluated at two levels, repeatability
nd intermediate precision and were expressed in terms of relative
tandard deviation (RSD) values. The repeatability and interme-
iate precision for both compounds were very good and inferior
o 5.3% (cy3glu) and 3.8% (cy3rut). In addition they showed sim-
lar variance along the dosing range indicating that the effect of
he series did no provide significant additional variability for each
ompound. The linearity is the ability within a definite range to
btain results directly proportional to the concentration of the
nalyte. The concentrations of the validation standards were back-
alculated from the calibration curve. A linear regression model
as fitted on the back-calculated concentrations as a function of

he introduced concentrations. The intercept, the slope and the
oefficient of determination of the equations obtained for cy3glu

nd cy3rut are presented in Table 2. The slopes values close to 1
emonstrate the linearity of the method. The linearity was also
emonstrated because the absolute �-expectation tolerance limits
ere within the absolute acceptance limits [31,37,38].
peak 1 (Fig. 1). (b) MS/MS spectra of m/z 611.15845 [M] corresponding to peak 2

3.3.4. Limits of detection and of quantification
The limits of detection were calculated from the residual

standard-deviation and the slope of the calibration curve. The
results obtained were 0.32 and 0.12 �g/mL for cy3glu and cy3rut
respectively. The lower (LLOQ) and upper (ULOQ) limits of quan-
tification were obtained by calculating the lowest and highest
concentration of the targeted substance that can be assayed under
experimental conditions for which the �-expectation limits remain
inside the acceptance limits. For cy3glu the LLOQ and the ULOQ
were 1.07 and 48.99 �g/mL respectively and for cy3rut they were
0.97 and 48.59 �g/mL respectively.

3.4. Application of the quantification method to samples of E.
oleracea fruits
Three EOF samples corresponding to the most commercialized
maturity stage (C) were harvested in a same location of the munic-
ipal district of Abaetetuba (harvest season: 2010) and analyzed.
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Fig. 3. Positive ion mode MS spectra of cyanidin-3-glucoside (m/z 449 [M]+) recorded at (a) the beginning (b) the middle and (c) the end of the peak, and MS  spectra of
cyanidin-3-rutinoside (m/z 595 [M]+) corresponding to (d) the beginning (e) the middle and (f) the end of the peak, and (g) MS  spectrum of a blank analysis.

Table  2
Validation results for the quantification method of cyanidin-3-glucoside and cyanidin-3-rutinoside obtained in MeOH extract of Euterpe oleracea fruits.

Validation criteria Cyanindin-3-glucoside Cyanidin-3-rutinoside

Response function Linear regression Weighted (1/X) linear
regression

Calibration in the matrix Calibration in the matrix
(5  points) (5 points)
Range: 1.0–49.0 �g/mL Range: 1.0–48.6 �g/mL

Trueness Concentration (�g/mL) Relative bias (%) Concentration (�g/mL) Relative bias (%)
1.0  6.76 1.0 3.60
2.0  2.54 1.9 0.51
4.9  0.67 4.9 0.38
24.5  −0.07 24.3 −0.24
49.0  −0.83 48.6 −1.29

Precision Repeatability (RSD%) Intermediate precision
(RSD%)

Repeatability (RSD%) Intermediate precision
(RSD%)

4.63  5.30 3.10 3.80
2.49  2.49 1.86 2.85
1.90  1.90 1.41 1.41
2.99  2.99 2.47 2.47
1.46  1.46 1.35 1.35

Accuracy Relative �-expectation
lower and upper tolerance
limits (%)

Relative �-expectation
lower and upper tolerance
limits (%)

−7.6,  21.1 −7.2, 14.4
−3.8, 8.9 −8.8, 9.8
−4.1, 5.5 −3.2, 4.0
−7.6, 7.5 −6.5, 6.0
−4.7, 3.0 −4.9, 2.3

Linearity
Slope  0.9910 Slope 0.9873
Intercept 0.0910 Intercept 0.0829
r2 0.9994 r2 0.9995
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elative  bias, the dashed lines the 95% �-expectation tolerance limits and the dotte

his is the maturity stage recommended to the harvest of these
ruits [9].  The calibration curves in the matrix were applied for the
uantification of the major anthocyanins.
The concentrations obtained for cy3glu and cy3rut as well as
he sum of these concentrations for each extract are presented
n Table 3. The lowest concentration of the sum of the major

able 3
nthocyanins quantification results from EtOAc, MeOH and MeOH50% extracts obtained 

Sample Extract Cyanidin-3-glucoside
(mg/kg fruits) ± SD

Sample 1 EtOAc 0.06 ± 0.00 

MeOH 277.45 ± 1.33 

MeOH50% 8.14 ± 0.88 

Total  285.65 ± 0.47 

Sample  2 EtOAc 0.05 ± 0.00 

MeOH 328.56 ± 7.77 

MeOH50% 9.94 ± 0.92 

Total  338.55 ± 8.62 

Sample  3 EtOAc 0.05 ± 0.00 

MeOH 283.37 ± 21.58 

MeOH50% 9.83 ± 0.19 

Total  293.25 ± 21.59 
s calibrations. (a) Linear regression in the matrix (MeOH extract) and (b) without
(d) without matrix for cyanidin-3-rutinoside. The continuous line represents the

 the ±20% acceptance limits.

anthocyanins was obtained in the EtOAc extract (0.02%) due to
the low solubility of anthocyanins in this solvent. This can sug-
gest that an EtOAc extraction can be applied to remove the wax

cuticle present on the fruits before the anthocyanins extraction
by methanolic solutions without considerable loss of the antho-
cyanins. This procedure can optimize the mass transfer of the

from Euterpe oleracea fruits at maturity stage C.

Cyanidin-3-rutinoside
(mg/kg fruits) ± SD

∑
Major anthocyanins

(mg/kg fruits)

0.05 ± 0.00 0.11 ± 0.00
192.64 ± 0.95 470.09 ± 2.26

10.16 ± 0.90 18.31 ± 1.51
202.85 ± 1.09 488.50 ± 1.24

0.04 ± 0.00 0.09 ± 0.00
231.41 ± 5.38 559.97 ± 13.14

13.67 ± 1.10 23.61 ± 2.01
245.12 ± 6.45 583.67 ± 15.04

0.05 ± 0.00 0.11 ± 0.00
240.66 ± 17.47 524.03 ± 39.05

12.68 ± 0.64 22.51 ± 0.82
253.39 ± 17.39 546.65 ± 38.98
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nthocyanins, promote the obtainment of a methanolic extract
ithout lipids and other apolar compounds as chlorophylls that can
amage C18 columns and avoid SPE clean-up procedures. Almost
5% of the major anthocyanins are present in the MeOH extract.
his percentage can be considered as the extraction yield because of
he low content of anthocyanins in the MeOH 50% extract obtained
n the residue, showing the great extraction efficiency of the MeOH
olution. Thus the last extraction can be eliminated of the protocol
educing the time for extraction and samples preparation.

The sum of the concentrations of cy3glu and cy3rut for the three
amples varied between 488 and 583 mg/kg fruits and were infe-
ior to the concentrations obtained in a previous study on the same
aturity stage C from two different locations of the same region

f Abaetetuba (800 and 1200 mg/kg fruits) [9] demonstrating the
reat variability of the anthocyanins content in the E. oleracea
ruits. This variability was also reported from different juices
amples [10].

Therefore considering the economic importance of the EOF as
 rich anthocyanin source and its great concentration variability it
s of crucial importance to have a validated analytical method for
heir quantification for producers and consumers.

. Conclusions

We developed a fast protocol of anthocyanins extraction and
ample preparation without clean up procedures from EOF. Elimi-
ation of lipophilic compounds can be done by an EtOAc extraction,
hile anthocyanins are extracted from the residue by MeOH.
alibrations in the matrix were used for cy3glu and cy3rut quan-
ifications and showed better accuracy profiles in comparison to
alibrations without matrix. To our knowledge this is the first article
hat describes a validated UHPLC–PDA method for the quantifica-
ion of the major anthocyanins from E. oleracea fruits. It was found
o be faster (17 min) that other HPLC–UV methods and allowed the
eparation of 3 other anthocyanins that are dominant in other com-
on  berry fruits. Furthermore, this method was selective and gave

ood estimators of linearity, accuracy, trueness and precision from
 to 48 �g/mL of cy3glu and cy3rut. In addition minor diglycosilated
nthocyanins were found in EOF for the first time.

cknowledgements

We would like to thank very much Prof. J.-L. Habib-Jiwan for
is rich scientific orientation (in memoriam), Emmanuelle Lautié

or her kind scientific and technical advices, Marie-Christine Fayt,
ean Paul Vanhelleputte and Ramazan Colak for their technical sup-
ort in the LC–MS system. ADRI-UCL is acknowledged for financial
upport to the first author, Belgian National Fund for Scientific
esearch (FNRS) (FRFC 2.4555.08), the Special Fund for Research
FSR) and the faculty of medicine of UCL for their financial sup-
ort for the acquisition of the LTQ-Orbitrap-XL, the program PIC of

he Coopération universitaire au développement (CUD), and CNPq
Brazil) for financial support on this research. A research grant from
he Belgium National Fund for Scientific Research (FRS-FNRS) to E.
ozet is gratefully acknowledged.

[
[

. B 907 (2012) 108– 116

References

[1] M.N. Clifford, J. Sci. Food Agric. 80 (2000) 1063.
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Publishing, Cambridge, UK, 2011, p. 2.

[6] D.R. Pompeu, E.M. Silva, H. Rogez, Bioresour. Technol. 100 (2009) 6076.
[7] M. Iaderoza, V.L.S. Baldini, I.S. Draetta, M.L.A. Bovi, Trop. Sci. 32 (1992) 41.
[8] S. Gallori, A.R. Bilia, M.C. Bergonzi, W.L.R. Barbosa, F.F. Vincieri, Chro-

matographia 59 (2004) 739.
[9] H. Rogez, D.R. Pompeu, S.N.T. Akwie, Y. Larondelle, J. Food Compos. Anal. 24

(2011) 796.
10] R. Lichtenthäler, R.B. Rodrigues, J.G.S. Maia, M.  Papagiannopoulos, H. Fabricius,

F.  Marx, Int. J. Food Sci. Nutr. 56 (2005) 53.
11] A.G. Schauss, X. Wu,  R.L. Prior, B. Ou, D. Patel, D. Huang, J.P. Kababick, J. Agric.

Food Chem. 54 (2006) 8598.
12] V.V. Rosso, S. Hillebrand, E.C. Montilla, F.O. Bobbio, P. Winterhalter, A.Z. Mer-

cadante, J. Food Compos. Anal. 21 (2008) 291.
13] A.G. Schauss, X. Wu,  R.L. Prior, B. Ou, D. Huang, J. Owens, A. Agarwal, G.S. Jensen,

A.N.  Hart, E. Shanbrom, J. Agric. Food Chem. 54 (2006) 8604.
14] M.  Heinrich, T. Dhanji, I. Casselman, Phytochem. Lett. 4 (2011) 10.
15] A. Gordon, A.P.G. Cruz, L.M.C. Cabral, S.C. Freitas, C.M.A.D. Taxi, C.M. Donangelo,

R.A. Mattietto, M.  Friedrich, V.M. Matta, F. Marx, Food Chem. 133 (2012) 256.
16] V. Mulabagal, A.I. Calderón, Food Chem. 134 (2012) 1156.
17] Ph. Hubert, J.-J. Nguyen-Huu, B. Boulanger, E. Chapuzet, P. Chiap, N. Cohen, P.-

A.  Compagnon, W.  Dewé, M.  Feinberg, M.  Lallier, M. Laurentie, N. Mercier, G.
Muzard, C. Nivet, L. Valat, J. Pharm. Biomed. Anal. 36 (2004) 579.

18] L.A. Pacheco-Palencia, C.E. Duncan, S.T. Talcott, Food Chem. 115 (2009) 1199.
19] L.A. Pacheco-Palencia, P. Hawken, S.T. Talcott, Food Chem. 105 (2007) 28.
20] A.C.M.S. Gouvêa, M.C.P. Araújo, D.F. Schulz, S. Pacheco, R.L.O. Godoy, L.M.C.

Cabral, Cienc. Tecnol. Aliment. 32 (2012) 43.
21] B. Avula, Y.H. Wang, T.J. Smillie, I.A. Khan, Planta Med. 76 (2010), Poster 27,

in: 9th Annual Oxford International Conference on the Science of Botanicals
(ICSB).

22] D. Guillarme, J. Ruta, S. Rudaz, J.-L. Veuthey, Anal. Bioanal. Chem. 397 (2010)
1069.

23] M.-P. Martí, A. Pantaleón, A. Rozek, A. Soler, J. Valls, A. Macià, M.-P. Romero,
M.-J. Motilva, J. Sep. Sci. 33 (2010) 2841.

24] Y. Nakamura, H. Matsumoto, M.  Morifuji, H. Iida, Y. Takeuchi, J. Agric. Food
Chem. 58 (2010) 1174.

25] A. Serra, A. Macià, M.-P. Romero, C. Piñol, M.-J. Motilva, J. Chromatogr. B 879
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32] Norme Franç aise NF V 03-110, mai 2010, Association Franç aise de Normalisa-
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