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Liquid chromatography–mass spectrometry identification of anthocyanins
of isla oca (Oxalis tuberosa, Mol.) tubers
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Abstract

High-performance liquid chromatography (HPLC)–diode array detection (DAD)–mass spectrometry (MS) techniques have been success-
fully employed in the identification of the anthocyanins of the coloured tubers of isla oca (Oxalis tuberosa), the second most cultivated
tuber in the Andean region. Tubers underwent a pre-treatment step in order to inhibit enzymatic reactions and to obtain a stable powder or
“concentrate”. This concentrate was dissolved, purified and then analysed. Eight different compounds were found. The major peaks were
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alvidin glucosides (malvidin 3-O-glucoside and 3,5-O-diglucoside). The rest of the peaks were 3,5-O-diglucosides of petunidin and peo
in, and 3-O-glucosides of delphinidin, petunidin and peonidin. Only malvidin 3-O-acetylglucoside-5-O-glucoside was found as an acyla
nthocyanin.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Colour is usually considered as a psychological factor in
he acceptability of a food product and it is a criterion em-
loyed in the election by the consumers of one food product

nstead of another. In the food industry, the raw materials un-
ergo different technological treatments which can provoke
odifications in their natural colorants. In order to obtain

he most adequate colour for each foodstuff, some colouring
dditives are employed in their processing.

Natural colorants, replaced in use by synthetic ones in
he last two centuries, are, nowadays, recovering their im-
ortance, due to the increasing consumer concern about the
afety of the latter ones. The major drawback of these natural
igments is their lack of stability. Thus, the colour of the food-
tuffs to which they have been added can change or even fade
ver time[1]. This is the reason why these natural colorants
re being widely studied. One interesting group among them
re the anthocyanins. Anthocyanins are present in most of the
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flowering plants, not only in flowers and fruits, but also
stems, leaves, roots and storage organs, providing them
different colours, mostly red and blue, but also orange,
ple and violet[2]. Furthermore, some studies have reve
their antioxidant activity[3–6], suggesting their benefic
effects on human health (cardiovascular-protective eff
reduction of the risk of cancer and heart disease, ant
and anti-inflammatory effects, etc.)[7–9].

Anthocyanins are usually present in raw materials
mixture of compounds. Thus, a separation step is ne
prior to their identification. The technique most emplo
in their separation and identification is reversed-phase
performance liquid chromatography (HPLC) with diode
ray detection (DAD), which has proved to be effective in
analysis of these pigments. The diode array detection a
the recording of the ultraviolet–visible (UV–vis) spectra fr
all the compounds separated in the chromatographic co
which can give useful information about the nature of
aglycone, glycosidation pattern and possibility of acyla
with cinnamic acids[10]. However, there are a huge va
ety of different anthocyanins in nature and some of t
E-mail address:jcrivas@usal.es (J.C. Rivas-Gonzalo). present similar retention times and spectral characteristics,
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which makes their identification by only HPLC-DAD diffi-
cult. Therefore, other techniques are needed to carry out a
more accurate identity assignment. Among these techniques,
mass spectrometry and MSn analysis, coupled to the HPLC-
DAD technique, are being widely used in the identification
of anthocyanins in different raw materials, such as fruits,
flowers, leaves, tubers. . . [11–18]. The mass spectrum corre-
sponding to each peak indicates them/zratio of the molecular
ion and the MSn analysis shows its fragmentation pattern
from which information about the aglycone and the sub-
stituents can be obtained.

In the Andean region, there are several native crops that
produce coloured tubers that have traditionally been used in
human and animal diets. These crops grow easily and with
high yields in poor soils in the severe climatic conditions of
this region. The anthocyanin composition of the coloured tu-
bers of one of these native crops (Solanum stenotomum) has
already been determined by means of HPLC–DAD–MS[18].
The second most widely cultivated native tuber in the Andes
isOxalis tuberosa. Outside the Andean region,O. tuberosais
cultivated commercially in Mexico and New Zealand[19,20].
O. tuberosabelongs to the Oxiladaceae family. It is an an-
nual herbaceous plant, with trifoliate or clover-like leaves.
Its most common name is oca, but depending on the region
it receives different names: quiba, ibia, apilla, miquichi. . ..
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origin, tubers underwent a pre-treatment in order to avoid the
spoilage of the sample during the travel to Spain. Different
pre-treatments were assayed and the one which produced the
lowest anthocyanin degradation was finally employed. Thus,
first of all, the tubers were immersed in boiling water for 15
minutes in order to inhibit enzymatic reactions. The coloured
zones from the peel and the flesh of the tubers were removed
and ground. Finally, this powder was freeze-dried and the
concentrate of the tubers was sent to Spain for analysis.

2.2. Sample preparation

Forty milligrams of the concentrate were dissolved in
ultra-pure water acidified with HCl to pH 0.5 and this solution
was purified by solid phase extraction (SPE) in C18 cartridges
(Sep pak®, Waters). The cartridges were activated by pass-
ing an MeOH solution acidified with 12 M HCl (0.01%), and
equilibrated with water. The concentrate solution was care-
fully put into the cartridge, and then washed with water to
remove sugars and substances which could interfere with the
analysis. The elution of the anthocyanins was performed by
the addition of acidified MeOH. The eluate was concentrated
under vacuum and re-dissolved in water to a final volume of
5 mL.
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he oca is cultivated as an important and good source o
rgy, with nutritional value similar to that of the potatoes

he Andean region there are 27 cultivars of the oca and
iffer one from another, above all, in the shape and co
f the tubers[21]. The tubers are cylindrical with buds a
rinkles on their surface and can be white, yellow, ora
ink and dark violet or almost black, as occurs in the
iety isla oca, the variety studied in this work. The ant
yanin composition of these tubers has not been desc
et. Only the anthocyanin composition of the purple lea
f a plant belonging to the same genus,Oxalis triangularis,
as been reported[16]. The major anthocyanin found in th
lant was malvidin-3-rutinoside-5-glucoside and the ot
ere acylated derivatives containing one and two molec
f malonic acid.

The aim of this work was to determine the anthocya
rofile of isla oca tubers by means of HPLC–DAD–MS. T

act that these tubers have traditionally been used in hu
nd animal diets and that they are easily grown in the
ean region, suggests that the tubers ofO. tuberosacan be
potential source of anthocyanins to be employed as

olorants. The industrial use of these tubers should fa
he economical development of the Andean region.

. Experimental

.1. Tuber pre-treatment

Tubers of isla oca were obtained from the region of Ca
aria (Department of Cochabamba, Bolivia). In the countr
.3. HPLC–DAD analysis

HPLC–DAD analysis was performed in a Hewle
ackward 1100 series liquid chromatograph (Agilent t
ologies, Waldbronn, Germany) and detection was
ied out using a photodiode array detector. An AQ
-18 reversed-phase, 5�m, 125Å, 150x4.6 mm colum

Phenomenex®, Torrance, California, USA) thermostatted
5◦C was used.

The HPLC conditions employed in this work had b
reviously optimised in our laboratory and used in the s
f theSolanum stenotomumtubers[18]. The solvents use
ere: (A) an aqueous solution (0.1%) of trifluoracetic a

TFA) and (B) 100% HPLC-grade acetonitrile, establish
he following gradient: isocratic 10% B for 5 min, from 10
o 15% B over 15 min, isocratic 15% B for 5 min, from 15
o 18% B over 5 min, and from 18% to 35% B over 20 mi
flow rate of 0.5 ml/min. Detection was carried out at 520
s the preferred wavelength. The spectra from 220 to 60
ere recorded for all the peaks.

.4. LC–MS analysis

LC–MS analyses were performed using a Finnigan L
S detector (Thermoquest, San Jose, USA) equipped w
PI source, using an ESI probe. The HPLC system was
ected to the probe of the mass spectrometer via the UV
utlet. Both the sheath and the auxiliary gas were a mixtu
itrogen and helium. The sheath gas flow was 1.2 L/min

he auxiliary gas flow 6 L/min. The capillary voltage was
nd the capillary temperature 195◦C. Spectra were record
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Fig. 1. Chromatogram recorded at 520 nm corresponding to the isla oca
tuber concentrate.

in positive ion mode betweenm/z 120 and 1500. The mass
spectrometer was programmed to do a series of three consec-
utive scans: a full mass, an MS2 scan of the most abundant
ion in the full mass, and an MS3 of the most abundant ion in
the MS2. The normalised energy of collision was 45%.

3. Results and discussion

The anthocyanin composition of isla oca concentrate was
determined by means of HPLC–DAD–MS techniques. The
chromatogram of this sample, recorded at 520 nm is shown
in Fig. 1. As can be seen, there are seven peaks in the chro-
matogram, but the MS, MS2 and MS3 analyses revealed that
one of them, peak 2, corresponded to two different com-
pounds (2a and 2b, respectively). The chromatographic and
spectral features of all the compounds found in the isla oca
concentrate are compiled inTable 1.

The major peak in the chromatogram is peak 3. Its UV–vis
spectrum showed two absorption maxima, one at 275 nm and
the other at 524 nm. The absence of a shoulder in the re-
gion of 440 nm was indicative of the substitution of the hy-
droxyl group in position 5 of the anthocyanin[22,10]. No
significant absorbance within the range of 310–330 nm was
observed, suggesting the absence of acylation of this com-
p ,
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mentation pattern allowed the confirmation of the identity of
peak 3. The mass spectrum of the peak presented an intense
signal atm/z 655, corresponding to the molecular ion. This
molecular ion was fragmented in the MS2 analysis, yielding
signals atm/z 493 and 331. The first fragment ion was the
more abundant and was generated by the loss of one glucose
moiety (162 amu). The other corresponds to the anthocyani-
din malvidin and was originated by the loss of 324 amu (two
glucoses). The MS3 spectra showed a signal atm/z331, indi-
cating and confirming the presence of two glucose moieties.
The fragmentation pattern was useful to assign the positions
of substitution. When an anthocyanidin is substituted with
two sugars in positions 3 and 5, respectively, the fragmen-
tation of the molecular ion leads to the formation of three
fragment ions, one corresponding to the aglycone, another
corresponding to the 3-O-glycoside and the last correspond-
ing to the 5-O-glycoside. If both sugars were the same, only
two signals would appear in the MS2 spectrum: one corre-
sponding to the aglycone and the other corresponding to the
two possible monoglycosides[24,25]. Taking into account
the analytical data and this fact, peak 3 was identified as mal-
vidin 3,5-O-diglucoside.

The second peak, in quantitative terms, was peak 6. Its
UV–vis spectrum showed a shoulder in the region of 440 nm,
which indicated that position 5 of the anthocyanidin was
n eten-
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rent
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t no-
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ound with cinnamic acids[23,10]. This UV–vis spectrum
hen compared to the spectra available in our in-hous
rary, was identical to that of malvidin 3,5-O-diglucoside
nd the retention time of compound 3 coincided with tha

his standard. The MS, MS2 and MS3 spectra and the fra

able 1
hromatographic and spectral characteristics of the compounds foun

eak number Rt (min) Molecular ion: M+ (m/z) Fragment io

16.4 641 479, 317
a 19.5 465 303
b 19.7 625 463, 301

21.3 655 493, 331
26.2 479 317
30.4 463 301
33.6 493 331
35.9 697 535, 493, 3

a The fragment ions are shown in this table in order of their relative
a oca tuber concentrate

S2 (m/z)a Fragment ions in MS3 (m/z)a Absorbance maxima (nm

317 274, 523
303 275, 523
301 278, 523
331 275, 524
317, 302 277, 525
301
331 278, 525
331 275, 524

ance: the first ion, in each case, is the most abundant.

ot substituted. Furthermore, this spectrum and the r
ion time of this peak were identical to those of malvi
-O-glucoside, suggesting the assignment of this identi
ompound 6. The data obtained in the MS, MS2 and MS3

nalyses helped us to confirm it. The molecular ion of
ompound showed anm/z ratio of 493 and in the MS2 analy-
is it was fragmented generating only one fragment ionm/z
31). As seen previously, this ion corresponded to the a
yanidin malvidin and was originated by the loss of one
ose moiety. In the MS3 analysis, the ions originated from t
ragmentation of the aglycone confirmed its identity. Th
eak 6 was identified as malvidin 3-O-glucoside.

Peak 2, as previously mentioned, contained two diffe
ompounds, denominated respectively, 2a and 2b. Comp
b showed a signal in the MS spectrum atm/z 625 and wa

ragmented in the MS2 analysis in two ions, with signals
he MS2 atm/zratios 463 and 301. The latter corresponde
he anthocyanidin peonidin, and the former with the mo
exoside of peonidin, which was fragmented, in the M3
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analysis, originating again the ion corresponding to peoni-
din. Thus, this compound should contain peonidin and two
hexoses linked to the aglycone in different positions. Tak-
ing into account the identity assigned to compounds 3 and
6, it can be assumed that both sugars are glucoses. There-
fore, compound 2b was identified as follows: peonidin 3,5-
O-diglucoside, which was consistent with its elution order
[26].

Peak 5 showed a signal atm/z 463 in the MS spectrum,
corresponding to the molecular ion, which was fragmented
in the MS2 analysis originating only one ion (m/z301), cor-
responding to peonidin. The fragmentation pattern was iden-
tical to that of malvidin 3-O-glucoside (peak 6). Peak 5 was,
therefore, identified as peonidin 3-O-glucoside.

Peak 1 presented a molecular ion with anm/zratio of 641.
As in peaks 2b and 3, this ion generated two fragment ions in
the MS2 analysis, corresponding to the monoglucoside and
aglycone of petunidin (m/z 479 and 317, respectively). The
aglycone was originated again from the fragment ion ofm/z
479 in the MS3 analysis. Peak 1 was identified as petunidin
3,5-O-diglucoside.

The third important peak, in quantitative terms, was peak
4. Its UV–vis spectrum showed a shoulder in the region of
440 nm and was identical to that of the monoglucoside of
petunidin. The retention time and MS data agreed with this
p
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Fig. 2. UV–vis spectra corresponding to peak 7 (—) and peak 3 (···).

Table 2
Identity proposed for all the compounds found in the concentrate of isla oca
tubers

Peak number Proposed identity

1 Petunidin 3-O-glucoside-5-O-glucoside
2a Delphinidin 3-O-glucoside
2b Peonidin 3-O-glucoside-5-O-glucoside
3 Malvidin 3-O-glucoside-5-O-glucoside
4 Petunidin 3-O-glucoside
5 Peonidin 3-O-glucoside
6 Malvidin 3-O-glucoside
7 Malvidin 3-O-acetylglucoside-5-O-glucoside

MS3 analysis, the ion ofm/z535 was fragmented, originating
only one ion atm/z331, by loss of 204 amu. This loss can be
attributed to the simultaneous loss of one glucose moiety and
one acetic acid moiety (162 + 42). The loss of the acetic acid
moiety was not observed since the cleavage of the linkage
between the sugar and the acid is not usually produced in the
fragmentation conditions employed in this kind of analysis
[25,27,28]. Thus, the identity proposed for this compound
was: malvidin 3-O-acetylglucoside-5-O-glucoside.

The identity proposed for every compound found in the
isla oca tuber concentrate is listed inTable 2.

4. Conclusions

This study has demonstrated, once again, the utility of
HPLC–DAD–MS in the analysis of anthocyanins in plant
materials, in this case in a concentrate made from tubers of
O. tuberosa. This technique has allowed the identification of
eight different anthocyanins: 3,5-O-diglucosides of petuni-
din, peonidin and malvidin, 3-O-glucosides of delphinidin,
petunidin, peonidin and malvidin and the acetylated deriva-
roposed identity. The molecular ion had anm/z ratio of 479
nd the fragment ion generated in its fragmentation c
ponded to the anthocyanidin petunidin. Thus, peak 4
dentified as: petunidin 3-O-glucoside.

The chromatographic and spectral data (signals atm/z465
n the MS spectrum, and atm/z303 in the MS2 spectrum) o
eak 2a allowed us to propose the following identity fo
elphinidin 3-O-glucoside. The presence of three hydro
roups in the B-ring of this anthocyanidin provokes the

ier elution of this compound in relation to the other mono
osides present in this sample.

Finally, the last peak in the chromatogram was pea
he compound corresponding to this peak eluted afte
onoglucoside of malvidin, the least polar of the mono

osides of anthocyanins, which means that this comp
hould possess some kind of acylation in its structure.
V–vis spectrum of the peak did not show an additio
houlder in the region of 309–330 nm, indicating that
cylating agent was not a cinnamic acid, but an aliphatic
urthermore, it was practically identical to that of pea
uggesting that peak 7 should be a derivative of malv
,5-O-diglucoside (Fig. 2). This compound showed a sign
tm/z697 in the MS spectrum, corresponding to the mol

ar ion. The fragmentation of this ion yielded three ions atm/z
atios 535, 493 and 331, the first being the most abun
hey were originated, by the loss of 162, 204 and 366 a
espectively. The presence of the ions atm/z331 and 493 indi
ated that compound 7 was a malvidin derivative posse
t least one glucose moiety. The loss of 162 amu in the
al of the molecular ion to generate the ion ofm/z 535 was

ndicative of the presence of another glucose moiety. In



C. Alcalde-Eon et al. / J. Chromatogr. A 1054 (2004) 211–215 215

tive of the 3,5-O-diglucoside of malvidin. All of them are
commonly found in nature. To our knowledge, this is the first
time that the anthocyanin composition of these tubers has
been described. Since these tubers have been traditionally
used in human and animal diets in the Andean region and,
since they grow easily in the severe climatic conditions of this
region, they could be used for the extraction of anthocyanins
to be employed as food colorants.
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