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Abstract

The polyphenolic composition of Euterpe oleracea Mart. (Açai palm) fruit was investigated by
HPLC-DAD-UV-Vis and HPLC-MS. Açai palm is widely diffused and cultivated in Amazon
regions and especially in the Pará state (Brazil), because the pulp of the fruit is largely con-
sumed as food. This study confirms the presence of cyanidin 3-O-glucoside and cyanidin 3-O-
rutinoside as major anthocyanic compounds. Moreover, four main compounds were also
identified for the first time, i.e. homoorientin, orientin, taxifolin deoxyhexose, and isovitexin.
Traces of a methyl-derivative of homoorientin were also detected. The amount of total antho-
cyanins was 0.5 mg g)1 of the dried pulp weight and the amount of the other flavonoids was
3.5 mg g)1 of the dried pulp weight. No other reports on the presence of non-anthocyanic
flavonoids in Euterpe oleracea Mart. have been found so far.
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Introduction

The aim of this work was to contribute to

the phytochemical analysis of the poly-

phenolic content of the fruit of Euterpe

oleracea Mart. (Açai palm), a palm of the

Arecaceae family.

The plant is widely diffused and culti-

vated in Amazon regions especially in the

Pará State of Brazil. Açai is commonly

also called cabbage palm because its ter-

minal buds or ‘‘cabbages’’, the hearts of

palm, are eaten pickled and as a salad.

The fruit is a purple-black berry at

complete maturity with a diameter of 10–

12 mm and an unusual flavour similar to

raspberries or blackberries as well as

having a nutty taste. Especially in the

Pará state, the pulp of the fruit has a

large consumption (about 180 tons/year):

it is used fresh to prepare ‘‘vinho de ass-

ahy’’ (watery emulsion of the oily fruit

pulp with sugar and manioc flour) or it is

used fermented as a refreshing beverage.

It is also employed to prepare desserts

and ice creams or it is made into a syrup

to be used with other foods. Further-

more, the juice represents an ingredient of

the traditional ‘‘cassava meal’’ [1–2].

To our knowledge a few papers [3–7]

have been reported in the literature on

the constituents of Euterpe oleracea fruits

and only three of them are focused on the

anthocyanin content, i.e. cyanidin 3-O-

arabinoside, cyanidin-3-O-arabinosylara-

binoside, cyanidin 3-O-glucoside and cy-

anidin 3-O-rutinoside. However, the

identification of these constituents was

based on their hydrolysis and TLC anal-

yses.

In the present study, HPLC analysis

was carried out on the hydroalcoholic

extract of the raw fruit pulp and on the

fraction by liquid-solid purified extraction

(LSE) procedure. A qualitative and

quantitative analytical HPLC-DAD-MS

method was developed and constituents

were identified by means of comparison of

a combination of Rts, UV-Vis and MS

data of the peaks with those of authentic

samples and with literature data [8–10].

This is the first report on the presence

of non-anthocyanic flavonoids in Euterpe

oleracea Mart.

Experimental

Sample Preparation and
Extraction of Polyphenols

Chemicals

All the solvents used were HPLC grade

purity; CH3CN and MeOH for HPLC
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were from E. Merck, (Darmstadt, Ger-

many). 85% formic acid was provided by

Carlo Erba (Milan, Italy). Water was

purified by a Milli-Q plus system from

Millipore (Milford, MA, USA).

Orientin, homoorientin, taxifolin, vit-

exin, isovitexin, and keracyanin stan-

dards were from Extrasynthese S.A.

(Lyon, Nord Genay, France). Extrelut�
NT 20 cartridges were from E. Merck,

PTFE membrane filters 0.45 lm were

from Waters Co. (Milford, MA).

Plant Materials

The Euterpe oleracea fruits were pur-

chased by one of the authors (A.R.B.) in

2001 in a local market of Belém (Pará

State, Brazil). The fruits were identified

by Dr. P. Luzzi of the University of

Florence and a voucher specimen is

deposited at the Department of Pharma-

ceutical Sciences of Florence.

Extraction of Plant Material

From 20.0 g of purple-black mature fruit,

4.30 g of pulp were manually separated.

The pulp was lyophilised (Lyovac GT2,

Leybold Heraeus) to obtain 2.60 g. The

lyophilised pulp was finely ground and

extracted under stirring three times with

450 mL of EtOH-H2O 7:3 (pH = 2 by

HCOOH) and filtered through a Buckner

funnel. The raw hydroalcoholic extract

was concentrated under vacuum (Rota-

vapor 144 R, Büchi, Switzerland) (at

25 �C) to reach a final volume of 165 mL.

The sample was defatted with n-hexane to

eliminate lipophilic compounds such as

chlorophylls and carotenoids. 20 mL of

this solution was evaporated to dryness

under vacuum (at 25 �C) and then rinsed

with 2 mL of ultra pure water acidified

with HCOOH (5%). The solution was

filtered through a 0.45 lm PTFE filter

and analysed by HPLC-DAD and

HPLC-MS (Sample 1).

A portion of the concentrated raw

hydroalcoholic extract was subsequently

fractionated with a liquid-solid extraction

(LSE) procedure. Thus, 60 mL of this

solution were evaporated to dryness un-

der vacuum (at 25 �C) and then rinsed

with 5 mL of ultra pure water acidified

with HCOOH (5%) and applied to a

20 mL Extrelut� cartridge. After 20 min

the column was eluted with 200 mL of

n-hexane to remove the lipophilic com-

pounds and then with 300 mL of EtOAc

to collect the phenolic derivatives. Finally,

250 mL of acidic MeOH (pH = 2 by

HCOOH) was used to collect the antho-

cyanins and other hydrophilic com-

pounds, such as sugars and organic acids.

The EtOAc fraction was evaporated to

dryness and then solubilised with 1 mL of

a solution of H2O (pH = 2 by HCOOH)/

MeOH/CH3CN 20:60:20 v/v (Sample 2a).

The MeOH fraction was concentrated to

10 mL and 5 mL of this solution was

concentrated to 1.7 mL exactly, (Sample

2b). All three samples (1, 2a and 2b) were

subsequently used for phenol analysis by

HPLC-DAD and HPLC-MS.

Analytical Techniques and
Equipment

HPLC-DAD Analysis of the Raw Hydroalco-
holic Extract and its EtOAc Fraction from LSE

HPLC-DAD analyses of the raw hydro-

alcoholic extract (Sample 1) and its

EtOAc fraction from LSE (Sample 2a)

were performed on an HP 1090L Series II

liquid chromatograph equipped with a

diode array detector (all from Agilent

Technologies, Palo Alto, CA, USA).

Column was a 250 · 4.6 mm Luna RP-18

(5 lm) (Phenomenex, Germany) equip-

ped with a 4 · 3.0 mm precolumn of the

same phase operating at 26 �C. Flow rate

was 0.8 mL min)1. The eluents were H2O

(pH = 3.2 by HCOOH), CH2CN and

MeOH; the applied three-step linear

gradient program is reported in Table 1.

UV-Vis spectra were recorded in the

range k 190–450 nm, and the chromato-

grams were acquired at k 230, 254, 280,

330 and 350 nm. Typical chromatograms

at k 350 nm of Samples 1 and 2a are re-

ported in Fig. 1a and 2a, respectively.

HPLC-DAD Analysis of the Raw Hydroalco-
holic Extract and its MeOH Fraction from LSE

HPLC-DAD analyses of the raw hydro-

alcoholic extract (Sample 1) and its

MeOH fraction from LSE (Sample 2b)

were performed on a HP 1090L Series II

liquid chromatograph equipped with a

diode array detector (all from Agilent

Technologies, Palo Alto, CA, USA).

Column was a 4.6 · 250 mm Phenom-

enex� Synergy MAX RP-12 (4 lm)

operating at 26 �C. Flow rate was

1.0 mL min)1. The anthocyanins were

separated using the following mobile

phases: Solution A- H2O/HCOOH 95:5,

Solution B - H2O/CH3CN/MeOH/

HCOOH 50:22.5:22.5:5; the applied five-

step linear gradient program is reported

in Table 2. The UV-Vis spectra were re-

corded in the range k 190–600 nm, and

the chromatograms were acquired at k
520 nm. Typical chromatograms at k 520

nm of Samples 1 and 2b are reported in

Fig. 1b and 2b, respectively.

HPLC-MS Analysis

MS spectra were performed using a HP

1100 MSD with API-electrospray inter-

face coupled with an HP 1100L liquid

chromatograph equipped with a DAD

detector (Agilent Technologies). The

same column, mobile phase, time period

and flow rate were used. Mass spec-

trometry operating conditions were as

follows: negative and positive ionisation

mode (scan spectra from m/z 100 to 800),

gas temperature of 350 �C, nitrogen flow

rate of 10.0 L min)1, nebulizer pressure

30 psi, quadrupole temperature 30 �C,
and capillary voltage 3500 V. The applied

fragmentors were in the range 80–150 V.

Analysis of flavonoids was optimised

by using negative ion mode with a frag-

mentation of 120 and 150 V while anal-

ysis of anthocyanins was optimised by

using positive ion mode with a fragmen-

tation of 120 V.

The orthogonal position of the nebu-

lizer with respect to the capillary in-

let allowed the use of the same conditions

of HPLC-DAD analysis with H2O ad-

justed to pH 3.2 by HCOOH.

Results and Discussion

Identification of constituents was carried

out by HPLC-DAD and HPLC-MS

analysis, and/or by comparison and

Table 1. The linear gradient program used for
analytical HPLC-DAD and HPLC-MS ana-
lysis of total hydroalcoholic extract and
EtOAc fraction from LSE (Samples 1a and 2a

respectively) of Euterpe oleracea Mart. (Ana-
lysis was carried out at flow rate of
0.8 mL min-1 using a 250 · 4.6 mm Luna RP-
18 (5 lm) column (Phenomenex, Germany),
equipped with a 4 · 3.0 mm precolumn of the
same phase, operating at 26 �C

H2O/H+ CH3CN MeOH Time
(min)

100 0 0 0.1
85 15 0 5.0
75 25 0 25.0
75 25 0 40.0
0 25 75 47.0
0 25 75 52.0
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combination of their retention times,

UV-Vis and mass spectra of the peaks

with those of authentic samples. Quan-

titative data were calculated by HPLC

peak areas compared with those of

external standard calibration curves. The

evaluation was performed using four-

point linear standard calibration curves

(r
2

>0.99) calculated by HPLC-DAD at

the maximum absorbance wavelength

for each compound (280 nm for taxifo-

lin, 350 nm for homoorientin, orientin

and vitexin, and 520 nm for the antho-

cyanin).

HPLC analysis was performed on the

raw hydroalcoholic extract of the fruit

pulp and on the EtOAc and MeOH

fraction obtained by liquid-solid extrac-

tion (LSE) procedure. The performed

LSE method with Extrelut� NT 20 car-

tridge allowed the separation of poly-

phenolic subclasses present in the

hydroalcoholic extract of fruit, i.e. flavo-

noids and anthocyanins as confirmed

from data of acquired chromatograms at

different wavelengths.

Identification of Flavonoids

The chromatographic profiles reported in

Fig. 1a and 2a, acquired at 280 and

350 nm, relative to the total hydroalco-

holic extract (Sample 1) and EtOAc

fraction from LSE (Sample 2a) respec-

tively, revealed the occurrence of trace

amounts of several flavonoid derivatives

together with three main components

identified by means of Rt, UV-Vis and

MS data as homoorientin (1), orientin

(2), and isovitexin (4).

Fig. 1. HPLC chromatograms acquired at 350 nm (a) and 520 nm (b) of total hydroalcoholic
extract of Euterpe oleracea Mart. fruits. Polyphenolic compounds: 1 ¼ homoorientin, 2 ¼ orientin,
3 ¼ taxifolin deoxyhexose, 4 ¼ isovitexin, 5 ¼ homoorientin derivative, 6 ¼ cyanidin glyc. deriv-
ative, 7 ¼ cyanidin 3-O-glucoside, 8 ¼ cyanidin 3-O-rutinoside

Fig. 2. HPLC chromatograms acquired at 350 nm (a) and 520 nm (b) of EtOAc and MeOH
fractions, respectively, from LSE of Euterpe oleracea Mart. fruits. Peak identification as in Fig. 1.
* Peonidin derivatives, ** cyanidin derivatives

Table 2. The linear gradient program used for
analytical HPLC-DAD and HPLC-MS ana-
lysis of total hydroalcoholic extract and
MeOH fraction from LSE (Samples 1b and 2b

respectively) of Euterpe oleracea Mart. (Ana-
lysis was carried out at flow rate of
1.0 mL min)1 using a 4.6 · 250 mm Phenom-
enex� Synergy MAX RP-12 (4 lm) operating
at 26 �C

Sol.A Sol.B MeOH Time
(min)

98.0 0.0 2.0 0.1
73.0 25.0 2.0 8.0
68.0 30.0 2.0 10.0
68.0 30.0 2.0 13.0
63.0 35.0 2.0 20.0
63.0 35.0 2.0 22.0
58.0 40.0 2.0 32.0
43.0 55.0 2.0 37.0
0 0 100.0 47.0
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Peak 1 (Fig. 1a and 2a) was identified

as the C6-glucoside of luteolin, i.e. ho-

moorientin, by comparison of the Rt,

UV-Vis, and MS spectra with those of an

authentic sample.

Peak 2 (Fig. 1a and 2a) was identified

as the C8-glucoside of luteolin, i.e. ori-

entin, by comparison of Rt, UV-Vis, and

MS spectra with those of an authentic

sample.

Peak 3 in the chromatograms of

Fig. 1a and 2a displays UV-Vis spectra

with maxima at 295 and 340sh nm, typi-

cal of dihydroflavonols. The presence of a

taxifolin derivative was evidenced by

comparison with the UV-Vis spectra of

taxifolin standard. In the MS profile, the

peak shows a quasi-molecular ion at m/z

450. From these data, peak 3 was prob-

ably taxifolin deoxyhexose C-linked due

to the absence of the fragment corre-

sponding to the aglycon (Fig. 3).

Peak 4 (Fig. 1a and 2a) was identified

as a C6-glucoside of apigenin, i.e. isovit-

exin. Rt, UV-Vis and the mass spectra of

an authentic standard confirmed this

data.

Peak 5 in the chromatogram of

Fig. 1a displays UV-Vis spectra with

maxima at 272, 287sh and 335 nm sim-

ilar to those of orientin derivatives and

shows a quasi-molecular ion at m/z 462,

14 amu more than orientin (Fig. 4).

Thus, this peak was identified as a

methyl-derivative of homoorientin,

probably scoparin.

The absence of the characteristic [M-

162]) ions confirmed that peaks 1, 2, 3, 4,

5 were all C-glucosides.

The amount of total non-anthocyanic

flavonoids was quantified using homo-

orientin authentic sample as reference

standard and it was about 3.5 mg per

gram of dried pulp weight.

Chemical structures of the identified

molecules are reported in Fig. 5.

Identification of Anthocyanins

Extrelut� NT 20 cartridge fractionation

gave a purified fraction of anthocyans, as

confirmed from data of acquired chro-

matograms at different wavelengths be-

cause no characteristic absorptions of the

other classes of flavonoids and phenolic

acids were present.

The chromatographic profiles re-

ported in Fig. 1b and 2b, acquired at

520 nm, relative to the raw hydroalco-

holic extract (Sample 1b) and the meth-

anolic fraction obtained from LSE

purification (Sample 2b) respectively,

evidenced the presence of two main

compounds, cyanidin-3-O-glucoside (7)

and cyanidin-3-O-rutinoside (8) previ-

Fig. 3. UV-Vis and negative ion mass spectra of peak 3 acquired during the API-electrospray HPLC-MS analysis. Operating conditions: gas
temperature of 350 �C, nitrogen flow rate of 10.0 L min)1, nebulizer pressure 30 psi, quadrupole temperature 30 �C, and capillary voltage 3500 V. The
applied fragmentor was 120 V

Fig. 4. UV-Vis and negative ion mass spectra of peak 5 acquired during the API-electrospray HPLC-MS analysis. Operating conditions as in Fig. 3
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ously identified in Açai fruit [3]. In addi-

tion, other minor anthocyanin derivatives

were present.

Peak 6 in the chromatograms of

Fig. 1b and 2b shows a quasi-molecular

ion at m/z 581 and the fragment ion at

m/z 287 of cyanidin aglycon derived from

the loss of two sugar molecules. Peak 6

was identified as a pentose-hexose deriv-

ative of cyanidin.

Peak 7 (Fig. 1b and 2b) shows two

major signals in the mass spectra a peak

at m/z 448 corresponding to the quasi-

molecular ion and the fragment ion at

m/z 287 corresponding to the aglycon

cyanidin. Thus, peak 7 was identified as

cyanidin-3-O-glucoside [8–10].

Peak 8 ( Fig. 1b and 2b) was identified

as cyanidin-3-O-rutinoside (keracyanin)

by comparison of Rt, UV-Vis and MS

spectra with those of an authentic sam-

ple.

Traces of other anthocyan derivatives

of peonidin (Peak *) and cyanidin

(Peaks **) moieties are also present in the

chromatograms of Fig. 2b.

The amount of total anthocyanins was

quantified using keracianin as reference

standard and it was about 0.5 mg per

gram of dried pulp weight.

Chemical structures of the character-

ised molecules are reported in Fig. 6.

Conclusions

This study represents the first report of

the analysis of all flavonoids in Euterpe

oleracea Mart. Three principal flavones

were identified for the first time: homo-

orientin (1), orientin (2), and isovitexin

(4). Traces of taxifolin deoxyhexose (3)

and homoorientin methyl-derivative (5)

are also present. Moreover, the presence

of cyanidin 3-O-glucoside and cyanidin

3-O-rutinoside as major anthocyanic

compounds was confirmed in Euterpe

oleracea fruit as previously reported [4].

Other cyanidin, pelargonidin and peoni-

din derivatives are found in Euterpe ol-

eracea fruit, but the amount is very small

and elucidation of their structures is still

in progress.
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Fig. 5. Structures of flavonoids detected in
Euterpe oleracea Mart. fruits

Table 3. Chromatographic characteristics of flavonoids and anthocyanins from Euterpe oleracea
Mart

Peak Compounds kmax

(nm)
[M])/[M]+

(m/z)
Fragments
(m/z)

Major constituents
1 homoorientin 255, 271, 350 448 –
2 orientin 255, 267, 293, 346 448 –
4 isovitexin 271, 336 432 –
7 cyanidin 3-O-glucoside 520 449 287
8 cyanidin 3-O-rutinoside 520 595 287, 449

Other constituents:
3 taxifolin deoxyhexose 295, 340sh 450 –
5 Homoorientin derivative 272, 287sh, 335 462 –
6 cyanidin glyc. derivative 520 581 287

Fig. 6. Structures of anthocyanins detected in
Euterpe oleracea Mart. fruits
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