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Anthocyanin pigments in the berries of baguacu (Eugenia umbelliflora Berg), a tropical fruit from
Brazil, were extracted with 0.1% HCI in ethanol, and the crude anthocyanin extract was purified by
Amberlite XAD-7 open-column chromatography. Six major anthocyanins were isolated by preparative
HPLC, and their chemical structures were identified by spectroscopic methods (TLC, UV—vis, MS,
and 'H NMR). Delphinidin 3-O-$-glucopyranoside, cyanidin 3-O-3-glucopyranoside, petunidin 3-O-
[-glucopyranoside, pelargonidin 3-O--glucopyranoside, peonidin 3-O-3-glucopyranoside, and malvidin
3-0O-f-glucopyranoside were identified. On the basis of chromatographic data the total anthocyanin
content was 342 mg/100 g of fresh baguacu berries. Therefore, the concomitant presence of six
anthocyanins in a single plant species makes this product promising as a new pigment source.
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INTRODUCTION MATERIALS AND METHODS

The most important and widespread group of pigments in  Materials and Solvents.All were of analytical grade and obtained
nature are the anthocyanins, which are present in various plantirom Merck-Clevenot Corp. (Darmstadt, Germany). The berries of
species (), especially in berries such as blackberries, raspberries,baguaa (E. umbelliflora Berg) were collected in October 2000 at
huckleberries, and highbush blueberries. Interest in this kind Florianépolis, Santa Catarina, in southern Brazil°(88' W and 27°
of pigments has increased substantially because of their attractive®S’ S). placed in polyethylene bags, and stored-&0 °C until they
colors, easy incorporation into aqueous systems, and possiblgVere used. _ _ _
beneficial health effects, that is, antioxidant properti2s3j. Extraction of Anthacyanins. The pigments were extracted twice

The genusEugeniais one of 75 genera~3000 species) by maceration of 500 g of the berries with 0.1% HCI in etha®)lgt

bel . to the family Mvrt hich fi in th 5 °C for 48 h, because this mixture has proved to be the best solvent.
elonging to the tamily Myrtaceae, which aré native In IN€ g 1,0 ies were blended with2 L of solvent/kg and filtered on a

tropics (4), mainly tropical America and Australia. The genus gjjchner funnel. The filter residue was re-extracted until a clear solution
Eugeniahas been shown to possess anti-inflammatory, analgesic,was obtained. Filtrates were then combined and shaken in a separatory
antipyretic 6), and antifungal propertie§). Baguae (Eugenia  funnel with 3 x 50 mL of methanol/petroleum ether (1:2 v/v). The
umbellifloraBerg) is the name given to a tree and its fruits that aqueous portion was collected and placed on a Biichi rotovapor at 35
grow wild in the southern regions of Brazil. The fruits are similar °C until all alcoholic residue was evaporated.
to sweet cherries (1 cm diameter), with a dark-red skin and green  Anthocyanin Purification. The pigment extracts were filtered and
translucent flesh. Although it is an edible fruit, so far as we fixed on a 300x 20 mm i.d. nonionic polymeric absorbent, Amberlite
know there are no references available concerning this plant,ﬁé'l:/’[_'?C')"PT(hSe“E?g"‘rférﬁg”eggt‘ih:?)eﬁt’éng pri‘(‘gsg‘?gd‘(‘gtrn 2]0%(’0/‘;‘
. ; 20. [ w u y usi i uti
exqept thgt repo.rtledlby Kuskoski et al) (which demonstrated from MeOH/HO (8:92 v/v) to MeOH/HO (65:35 v/v). The eluate
antibacterial activity in an extract of bagueeaves. Therefore,

. . ' was concentrated and passed throughgSep-Pak cartridge (Waters
the present study was undertaken with the purpose of identifying Corp., Milford, MA), which had been previously activated with

the structure and ascertaining the content of the anthocyaninmethanol. Anthocyanins and other phenolics were adsorbed onto the

pigments in the fruits of bagyac Sep-Pak, whereas sugars, acids, and other water-soluble compounds
- were eluted with 2x 5 mL of 1% aqueous acetic acid. The pigments

5567’2’;?‘gtr}q(;i‘l"’gglr};r%(’érﬁigosgdence should be addressed-tfa 954 were finally eluted with methanol/water/acetic acid (89:10:1). The
 Universidade Federal de Santa Catarina. methanolic extracts were concentrated using a Blichi rotovapor at 35
* Department of Analytical Chemistry, University of Seville. °C, and the pigments were dissolved in ultrapure water (Milli-Q,

§ Department of Pharmaceutical and Organic Chemistry, University of Millipore, Bedford, MA).

Sexlllrlgtituto de la Grasa (CSIC). Thin-Layer Chromatography (TLC) Method. TLC was carried

0 Department of Biochemistry, Food Science and Toxicology, University OUt using microcrystalline cellulose F flexible TLC plates (layer
of Seville. thickness= 0.1 mm) with ethyl acetate-butanol/HOAc/HO (4:1:5
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upper phase) and acetic acid/concentrated HCl/water (15:3:82) as mau
solvents. The sample spots on the chromatogram were detected by using ;4,1
a UV lamp (254 and 365 nm) and the naked eye.

Acid Hydrolysis of Anthocyanins and GC Conditions. Purified
pigments (~1 mg) were hydrolyzed in a screw-cap test tube with 1
mL of 2 N HCl for 45 min at 100°C and then cooled in an ice bath (9,
10). The resulting anthocyanidins were separated by the addition of
1-pentanol, and both phases were evaporated to dryness. The pigments
were dissolved in methanol and passed throughs&€p-Pak cartridge
(Waters Corp.) as previously described for subsequent MS analysis.
The sugar residues were dissolved in ultrapure water and filtered through J
a 0.45um filter prior to injection into the HPLC and GC-MS. The
residues were taken for silylation N,O-bis(trimethylsilyl)trifluoro-
acetamide (MSTFA) and heated in a sealed vial at@Gor 45 min.

The silylated derivatives of sugar residues were analyzed by GC-MS Figyre 1. Semipreparative HPLC separation of anthocyanins from
by using a 30 mmx 0.25 mm i.d., 0.25%m DB-5 MS fused silica baguacu. See Table 1 for identification.
capillary (Chrompack, Middelburg, Belgium).

HPLC Analysis. Apparatus A Hewlett-Packard series 1050 liquid  rapje 1. Peak Assignment for Anthocyanin Pigments from E.
chromatograph was used, equipped with a Hewlett-Packard 1040A mpellifiora Berg
photodiode array detector and a Hewlett-Packard 9000 computer systent

1000

®

3

3
I

2 600

Absorbance (525 nm)

400

200

04

Time (min)

with Hewlett-Packard HPLC ChemStation software. Detection was anthocyanin HPLC (semipreparative) ESI-MS

carried out simultaneously at 280, 320, and 525 nm. peak retention peak M +HJ"

Analytical HPLC for AnthocyaninsA 250 x 4.6_ mm i.d., 5um peak assignment? time (min) area (%) ion (m/2)

ODS-Superspher 100 RP-18 column (Merck Chemical Co., Darmdstadt,

Germany) was used for identification of anthocyanins and anthocya- 1 dp 3-glu ar 17.9 465
idins in analytical The sol d were (A) 100% HPLC N > .8 o
nidins in analytical systems. The solvents use were(') 0% HP 3 oy 3-glu 70 15.9 449
grade acetonitrile and (B) 1% phosphoric acid, 10% acetic acid (glacial), 4 pt 3-glu 8.7 15.9 479
and 5% acetonitrile (v/v/v) and water (Milli-Q, Millipore)LQ). The 5 pg 3-glu 95 6.1 433
program followed a linear gradient from 0 to 22% A in 25 min. The 6 pn 3-glu 11.8 1.7 463
7 mv 3-glu 134 27.1 493

flow rate was 0.8 mL/min and the injection volume 20. Solvents
and samples were previously filtered through a qudtfilter (Millipore

Corp.).
Semipreparative HPLC of Anthocyanins250 x 21.2 mmi.d., 12
um Supelcosil LC-18 column (Supelco) was used for the separation

2 Tentative identification: cy, cyanidin; dp, delphinidin; pt, petunidin; pg,
pelargonidin; pn, peonidin; mv, malvidin; NI, not identified.

Monomeric Anthocyanin Content. The extract obtained was

and isolation of anthocyanins on a semipreparative scale. The Spemraanalyzed for the levels of monomeric anthocyanins using chromato-
were recorded for all peaks. The solvents used were (A) 100% HPLC graphic data2). Pigment contents were calculated by using extinction
grade acetonitrile and (B) 1% phosphoric acid, 5% acetic acid (glacial), coefficients and molecular weights, respectively, as follows: 34300

10% acetonitrile, 5% methanol (v/v/viv), and water (Milli-Q, Millipore).
The program followed a linear gradient from 0 to 22% A in 35 min.
The flow rate was 10 mL/min and the injection volume 20D.
Solvents and samples were previously filtered through a ™ filter
(Millipore Corp.).

Analytical HPLC for SugarSugars were analyzed according to the
method of Pérez et alll). Isocratic separations of the compounds
were made on a 300 7.8 mm, 1Qum ICSep ICE-ION300 (Interaction,
San Jose, CA) column, containing a cation-exchange polymer in the
ionic hydrogen form, with an lonGuard GC-801 guard column
(Interaction) and thermostated at 23. The mobile phase utilized for
the elution was 0.0085 N 430, with a flow rate of 0.4 mL/min. The
refractive index detector was used at 18ensitivity, and the injection
volume was 2QuL. The sugar residues were identified using cochro-
matography with sugar standards: glucose, fructose, and xylose.

Spectroscopic AnalysisUV—Vis SpectroscopyA Hewlett-Packard
HP 8452 U\~vis spectrophotometer and 1 cm path length silica cells

were used for spectroscopic measurements at 420, 510, and 700 nm o

purified anthocyanins in 0.1% HCI/GBH.

Electrospray Mass Spectrometry (ESI-M$pw-resolution MS
analysis were performed on a Finnigan Magfass spectrometer
(Finnigan Mat, Bremen, Germany), equipped with an-HS8interface.

The electrospray spray voltage applied was 3.5 kV, and the capillary
temperature was set to 22Q. Isolated anthocyanins from semiprepara-
tive HPLC were injected directly into the system by means of an
infusion pump at a rate of 2L/min, and nitrogen sheath gas was used
when necessary. Full accelerating voltage was used and the scan rang
set from 100 to 2000 Da; scan speed was 1 s/100 amu in profile mode
at a resolution value of 1500. Samples were dissolved in a mixture of
water/methanol/acetic acid (50:50:1 v/v/v).

NMR Analysis*H NMR spectral data were recorded on a model
AC-200 instrument operating at 200 MHz (Bruker, Karlsruhe, Germany)
in CDsSOCDYCDsOD (9:1 v/v) with TMS as internal standard. Sample
temperatures were stabilized at 25.

and 502.5 g for cyanidin 3-glucoside (cy 3-gldg{; 29000 and 518.5

g for delphinidin 3-glucoside (dp 3-glu}l4); 12900 and 532.5 g for
petunidin 3-glucoside (pt 3-glulLb); 31620 and 433 g for pelargonidin
3-glucoside (pg 3-glu)16); 11300 and 516.5 g for peonidin 3-glucoside
(pn 3-glu) (15); and 29500 and 562.5 g for malvidin 3-glucoside (mv
3-glu) (17). Results were expressed as milligrams of anthocyanin per
100 g of fresh berries.

RESULTS AND DISCUSSION

HPLC Analysis. Anthocyanins from baguyacwere isolated
and separated by HPLC preparative columigre 1). All
isolated pigments were present in the crude methanol extract
as confirmed by comparison of the HPLC profiles of a crude
methanol extract prepared without HCI; a possible hydrolysis
during the extraction steps in the presence of HCI| was thus
fiscarded. The HPLC chromatogram obtained by analytical
columns revealed seven anthocyanin peaks. Peaks 1-and 3
represented-89% of the total area at 525 nm. One minor peak
was also detected with poor resolution (peak 2), accountable
for <2% (Table 1). The typical order of elution of the different
anthocyanins with similar glycosylation patterns is determined
by the polarity of the respective aglycons. Therefore, the
expected elution order would be as follows: first delphinidin,
followed by cyanidin, petunidin, pelargonidin, peonidin, and
finally malvidin. The presence of hexose was also confirmed
by GC-MS analysis after derivatization with MSTFA. The
hydrolysis of purified pigments using HCI yielded sugar, the
principal sugar in baguyacbeing glucose & = 15.0 min)
confirmed by HPLC analysis.

Spectroscopic and TLC Analysis.Further characterization
of anthocyanins in the fruits of baguacbased on TLC and
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Table 2. Chromatographic and UV-Vis Absorption Data of Anthocyanin Pigments from E. umbellifiora Berg

TLC (R % 100) TLC (R % 100)
anthocyanin UV-vis characterization® (in 0.1% HCI-CH3OH) anthocyanidin sugar
peak Euv/Evis (%) Eacyi/Evis (%) E440/Evis (%) Amax (Nm) BAW? AHW? ethyl acetate

1 84 19 20 278, 542 26 17 16
2 89 18 22 286, 534

3 91 21 23 284,528 38 26 15
4 81 20 20 280, 544 28 17 16
5 86 20 23 278,518 16
6 87 25 26 278,532 31 22 16
7 77 10 19 280, 536 33 24 16

a Solvent systems: BAW, 1-butanol/acetic acid/water (4:1:5 upper phase); AHW, acetic acid/concentrated HCliwater (15:3:82). P Eyy, extinction coefficient of maximum
absorption peak in UV region; Eys, extinction coefficient of maximum absorption peak in visible region; Eacy, extinction coefficient at 330 nm; Easo, extinction coefficient at
440 nm.
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Figure 2. Mass spectra of anthocyanins detected in baguacu. Peaks: (1) delphinidin 3-O-3-glucopyranoside; (3) cyanidin 3-O-3-glucopyranoside; (4)
petunidin 3-O-5-glucopyranoside; (5) pelargonidin 3-O-53-glucopyranoside; (6) peonidin 3-O--glucopyranoside; (7) malvidin 3-O-3-glucopyranoside.
UV—vis analysis, is presented able 2. The results of UV— Mass Spectrometry AnalysisElectrospray ionization mass
vis characterization using purified anthocyanins showed a spectrometry analysis of anthocyanins produced, primarily, intact
maximum absorbancéfay) at 518-550 nm withE440E,is Of protonated molecular ions [M- H]* atm/z 465, 449, 479, 433,
19—-26%, indicating a substitution in the C-3 position of an 463, and 493 corresponding with glycosides derivatives of
anthocyanidin. An anthocyanin with glycosidic substituents in delphinidin, cyanidin, petunidin, pelargonidin, peonidin, and
the C-3 position exhibits a ratio of absorbance at-4800 nm malvidin (Figure 2). The mass spectra of baguanthocya-

to the absorbance at the visiblgay, almost twice as much as  nidins show protonated molecular ions M H]* at m/z304,

that of anthocyanins with glycosidic substitution at position 5 288, 318, 272, 302, and 332 corresponding with molecular ions
or both positions 3 and 5 (18—21). The obtained ratioE@f/ of delphinidin, cyanidin, petunidin, pelargonidin, peonidin, and
Evis (91—81%) andEac/Evis (10—21%) suggested that the malvidin (21—23). The joint presence in a single product of
purified anthocyanins were simple anthocyanin structures the six most common anthocyanidins is of great interest.
without complex acylation22). The results of UV+is analysis NMR Analysis. The chemical shiftsq) obtained from the

of the baguae were confirmed by HPLC, ESI-MS, andH IH NMR analysis of baguacanthocyaninsTable 3) confirmed
NMR analysis. the identity of the pigments, the proposed structures of which
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Table 3. *H NMR Spectroscopic Data of Anthocyanins [0 in CD;SOCD,/CD;0D (9:1)]

0 (JinHz)
anthocyanin 1, delphinidin 3, cyanidin 4, petunidin 6, peonidin 7, malvidin
aglycon
H-4 8.8ls 8.85s 8.87s 8.92s 891s
H-6 6.65 d (1.0) 6.67d(2.1) 6.67d (1.9) 6.70d (2.0) 6.70d (1.9)
H-8 6.88 d (1.0) 6.88 brs 6.94d (1.3) 7.09d (2.0) 6.86 d (1.6)
H-2' 7.70s 7.98d (2.3) 791d(2.2) 8.24d (2.3) 7.95s
H-5' 7.05d (8.7) 7.07d(8.8)
H-6' 7.70s 8.10dd (2.3;8.7) 7.74d(2.) 8.40dd (2.3;8.8) 7.95s
0—CHs 3.89s 391s 390s
3.89s
3-0-f3-glucose
H-1" 5.34d (7.6) 5.33d(7.4) 5.40d (7.6) 5.38d(7.6) 5.43d(7.7)
H-2""\H-3", H-4"", H-5", 3.23-3.69 3.20-3.52 3.21-3.69 3.20-3.80 3.41-3.75
-6a’" and H-6b"

Figure 3. Chemical structures of anthocyanins in baguacu: 1, delphinidin
3-glucoside (R; = OH, R, = OH); 3, cyanidin 3-glucoside (R; = OH, R,
= H); 4, petunidin 3-glucoside (R; = OCHs, R, = OH); 5, pelargonidin
3-glucoside (R; = H, R, = H); 6, peonidin 3-glucoside (R; = OCHj, R,
= H); 7, malvidin 3- glucoside (R; = OCHs, R; = OCHjy).

are shown irFigure 3. Signals in the downfield of thid NMR
spectrum betweedi 6.6 and 9.0 were clearly attributable to the
aromatic protons (A and B rings) of the aglycon molecule as
has been previously reported@4(, 25) for similar compounds.
The signal doublets betwe@n5.33 and 5.43 correspond to the
protons on the anomeric carbon from the glucose residues,
revealing that they were in position C-3 (Table 3) as indicated
also by theE44d/Eyis ratio values (26) Table 2). Thes-config-
uration of this moiety in all anthocyanins was confirmed from
the magnitude (& 7.58 Hz) of theJ;»»» coupling constant in
the 'TH NMR spectra (2526).

The 'H NMR spectra of pigmentd and 6 showed three-
proton singlets av 3.89 and 3.91 (OCk), respectively, in
accordance with petunidind{ Ry = OCH;, R, = OH) and
peonidin (6, R = OCHs, R, = H) structures. The spectrum of
pigment7 showed two three-proton singletsé8.89 and 3.90,
respectively (7, R= OCHs, R, = OCHg), thus confirming
malvidin. Compoundd (R; = OH, R, = OH) and3 (R; =
OH, R, = H) were identified as delphinidin and cyanidin,
respectively, so that they do not present reference methoxy
singlets aroundd 3.89. It was not possible to identify the
anthocyanins corresponding to pigméntThis was due to its
low concentration compared to the other anthocyanins, shown
by the low intensity detected during NMR analysis. The
complete data, which have been only partially reported until
now, are listed inTable 3.

Monomeric Anthocyanin Content. Anthocyanin content was
calculated by using the extinction coefficient given for each
anthocyanin. The total anthocyanin content of baguaas 342

+ 14.6 mg/100 g of fresh weight (40.7495.2 mg for dp 3-glu;
33.94+ 2.3 mg for cy 3-glu; 88.76- 5.5 mg for pt 3-glu;
12.174 0.5 mg for pg 3-glu; 77.9% 3.9 mg for pn 3-glu; and
88.87+ 5.2 mg for mv 3-glu). This pigment content is higher
than the reported values of 99.9 mg of anthocyanins/100 g of
fresh weight for highbush blueberries (27), 111 mg/100 g of
fresh weight for blueberries28), and 250 mg/100 g of dry
weight for banana bracts (9).
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