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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@xali$ 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
malvidin glucosides (malvidin 8-glucoside and 3,%-diglucoside). The rest of the peaks were @4liglucosides of petunidin and peoni-
din, and 30-glucosides of delphinidin, petunidin and peonidin. Only malvidi®-&cetylglucoside-%3-glucoside was found as an acylated
anthocyanin.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction flowering plants, not only in flowers and fruits, but also in
stems, leaves, roots and storage organs, providing them with
Colour is usually considered as a psychological factor in different colours, mostly red and blue, but also orange, pur-
the acceptability of a food product and it is a criterion em- ple and violef2]. Furthermore, some studies have revealed
ployed in the election by the consumers of one food product their antioxidant activity{3—6], suggesting their beneficial
instead of another. In the food industry, the raw materials un- effects on human health (cardiovascular-protective effects,
dergo different technological treatments which can provoke reduction of the risk of cancer and heart disease, antiviral
modifications in their natural colorants. In order to obtain and anti-inflammatory effects, et¢2-9].
the most adequate colour for each foodstuff, some colouring  Anthocyanins are usually present in raw materials as a
additives are employed in their processing. mixture of compounds. Thus, a separation step is needed
Natural colorants, replaced in use by synthetic ones in prior to their identification. The technique most employed
the last two centuries, are, nowadays, recovering their im- in their separation and identification is reversed-phase high-
portance, due to the increasing consumer concern about thgerformance liquid chromatography (HPLC) with diode ar-
safety of the latter ones. The major drawback of these naturalray detection (DAD), which has proved to be effective in the
pigmentsis their lack of stability. Thus, the colour ofthe food- analysis of these pigments. The diode array detection allows
stuffs to which they have been added can change or even fadehe recording of the ultraviolet—visible (UV-vis) spectra from
over time[1]. This is the reason why these natural colorants all the compounds separated in the chromatographic column,
are being widely studied. One interesting group among themwhich can give useful information about the nature of the
are the anthocyanins. Anthocyanins are present in most of theaglycone, glycosidation pattern and possibility of acylation
with cinnamic acidg10]. However, there are a huge vari-
* Corresponding author. Tel.: +34 923 29 45 37; fax: +34 923 29 45 15, €ty of different anthocyanins in nature and some of them
E-mail addressjcrivas@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-  origin, tubers underwent a pre-treatment in order to avoid the
cult. Therefore, other techniques are needed to carry out aspoilage of the sample during the travel to Spain. Different
more accurate identity assignment. Among these techniquespre-treatments were assayed and the one which produced the

mass spectrometry and N@nalysis, 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 thig ratio of the molecular
ion and the M3 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

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

human and animal diets. These crops grow easily and with ultra-pure water acidified with HCI to pH 0.5 and this solution

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 crofBoflanum stenotomyrhas
already been determined by means of HPLC-DAD-{i/].

was purified by solid phase extraction (SPE) in C18 cartridges
(Sep pal, Waters). The cartridges were activated by pass-
ing an MeOH solution acidified with 12 M HCI (0.01%), and

equilibrated with water. The concentrate solution was care-

The second most widely cultivated native tuber in the Andes fully put into the cartridge, and then washed with water to

is Oxalis tuberosaOutside the Andean regioB®, tuberosas
cultivated commercially in Mexico and New Zealdi®,20]

remove sugars and substances which could interfere with the
analysis. The elution of the anthocyanins was performed by

O. tuberosabelongs to the Oxiladaceae family. It is an an- the addition of acidified MeOH. The eluate was concentrated
nual herbaceous plant, with trifoliate or clover-like leaves. under vacuum and re-dissolved in water to a final volume of
Its most common name is oca, but depending on the region5 mL.

it receives different names: quiba, ibia, apilla, miquichi

The oca is cultivated as an important and good source of en-2.3. HPLC-DAD analysis

ergy, with nutritional value similar to that of the potatoes. In

the Andean region there are 27 cultivars of the oca and they HPLC-DAD analysis was performed in a Hewlett-
differ one from another, above all, in the shape and colour Packward 1100 series liquid chromatograph (Agilent tech-
of the tuberg21]. The tubers are cylindrical with buds and nologies, Waldbronn, Germany) and detection was car-
wrinkles on their surface and can be white, yellow, orange, ried out using a photodiode array detector. An AQUA
pink and dark violet or almost black, as occurs in the va- C-18 reversed-phase, u#n, 1254, 150x4.6 mm column
riety isla oca, the variety studied in this work. The antho- (Phenomené¥, Torrance, California, USA) thermostatted at
cyanin composition of these tubers has not been described35°C was used.

yet. Only the anthocyanin composition of the purple leaves  The HPLC conditions employed in this work had been
of a plant belonging to the same genGalis triangularis previously optimised in our laboratory and used in the study
has been reportgd6]. The major anthocyanin found in this  of the Solanum stenotomutabers[18]. The solvents used
plant was malvidin-3-rutinoside-5-glucoside and the others were: (A) an aqueous solution (0.1%) of trifluoracetic acid
were acylated derivatives containing one and two molecules(TFA) and (B) 100% HPLC-grade acetonitrile, establishing
of malonic acid. the following gradient: isocratic 10% B for 5 min, from 10%

The aim of this work was to determine the anthocyanin to 15% B over 15 min, isocratic 15% B for 5 min, from 15%
profile of isla oca tubers by means of HPLC-DAD-MS. The to 18% B over 5 min, and from 18% to 35% B over 20 min at
fact that these tubers have traditionally been used in humana flow rate of 0.5 ml/min. Detection was carried out at 520 nm
and animal diets and that they are easily grown in the An- as the preferred wavelength. The spectra from 220 to 600 nm
dean region, suggests that the tuber©otuberosacan be were recorded for all the peaks.

a potential source of anthocyanins to be employed as food
colorants. The industrial use of these tubers should favour2.4. LC-MS analysis
the economical development of the Andean region.

LC-MS analyses were performed using a Finnigan LCQ
MS detector (Thermoquest, San Jose, USA) equipped with an
API source, using an ESI probe. The HPLC system was con-
nected to the probe of the mass spectrometer via the UV cell
outlet. Both the sheath and the auxiliary gas were a mixture of
nitrogen and helium. The sheath gas flow was 1.2 L/min and

Tubers of isla oca were obtained from the region of Cande- the auxiliary gas flow 6 L/min. The capillary voltage was 4 V
laria (Department of Cochabamba, Bolivia). In the country of and the capillary temperature 195. Spectra were recorded

2. Experimental

2.1. Tuber pre-treatment
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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 K1&nalysis, 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 M&spectra showed a signalratz 331, indi-
0 10 20 30 40 50 min cating and confirming the presence of two glucose moieties.
The fragmentation pattern was useful to assign the positions
Fig. 1. Chromatogram recorded at 520 nm corresponding to the isla oca Of substitution. When an anthocyanidin is substituted with
tuber concentrate. two sugars in positions 3 and 5, respectively, the fragmen-
tation of the molecular ion leads to the formation of three
in positive ion mode betweemvz 120 and 1500. The mass fragment ions, one corresponding to the aglycone, another
spectrometer was programmed to do a series of three conseceorresponding to the 8-glycoside and the last correspond-
utive scans: a full mass, an MScan of the most abundant  ing to the 50-glycoside. If both sugars were the same, only
ion in the full mass, and an Mf the most abundantionin  two signals would appear in the M3pectrum: one corre-
the M. The normalised energy of collision was 45%. sponding to the aglycone and the other corresponding to the
two possible monoglycosidg84,25] Taking into account
the analytical data and this fact, peak 3 was identified as mal-
3. Results and discussion vidin 3,5-O-diglucoside.
The second peak, in quantitative terms, was peak 6. Its
The anthocyanin composition of isla oca concentrate was UV-vis spectrum showed a shoulder in the region of 440 nm,
determined by means of HPLC-DAD-MS techniques. The which indicated that position 5 of the anthocyanidin was
chromatogram of this sample, recorded at 520 nm is shownnot substituted. Furthermore, this spectrum and the reten-
in Fig. L As can be seen, there are seven peaks in the chrotion time of this peak were identical to those of malvidin
matogram, but the MS, MSand MS analyses revealed that ~ 3-O-glucoside, suggesting the assignment of this identity to
one of them, peak 2, corresponded to two different com- compound 6. The data obtained in the MS, Mg&d MS
pounds (2a and 2b, respectively). The chromatographic andanalyses helped us to confirm it. The molecular ion of this
spectral features of all the compounds found in the isla ocacompound showed anzratio of 493 and in the M3analy-
concentrate are compiled Trable 1 sis it was fragmented generating only one fragment iofz (
The major peak in the chromatogram is peak 3. Its UV-vis 331). As seen previously, this ion corresponded to the antho-
spectrum showed two absorption maxima, one at 275 nm andcyanidin malvidin and was originated by the loss of one glu-
the other at 524 nm. The absence of a shoulder in the re-cose moiety. In the MZanalysis, the ions originated from the
gion of 440 nm was indicative of the substitution of the hy- fragmentation of the aglycone confirmed its identity. Thus,
droxyl group in position 5 of the anthocyanj#2,10] No peak 6 was identified as malvidin@-glucoside.
significant absorbance within the range of 310-330nm was Peak 2, as previously mentioned, contained two different
observed, suggesting the absence of acylation of this com-compounds, denominated respectively, 2a and 2b. Compound
pound with cinnamic acidi23,10] This UV—vis spectrum,  2b showed a signal in the MS spectrunmat 625 and was
when compared to the spectra available in our in-house li- fragmented in the M3analysis in two ions, with signals in
brary, was identical to that of malvidin 3(B-diglucoside the MS atm/zratios 463 and 301. The latter corresponded to
and the retention time of compound 3 coincided with that of the anthocyanidin peonidin, and the former with the mono-
this standard. The MS, MSand MS spectra and the frag-  hexoside of peonidin, which was fragmented, in the3MS

30 1
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10 1

Table 1
Chromatographic and spectral characteristics of the compounds found in isla oca tuber concentrate

Peak number R (min) Molecular ion: M™ (m/2) Fragment ions in M3(m/2)2 Fragment ions in M3(m/2)2 Absorbance maxima (nm)

1 16.4 641 479, 317 317 274,523
2a 19.5 465 303 303 275, 523

2b 19.7 625 463, 301 301 278, 523
3 21.3 655 493, 331 331 275,524
4 26.2 479 317 317,302 277,525
5 30.4 463 301 301

6 33.6 493 331 331 278,525

7 35.9 697 535, 493, 331 331 275,524

a The fragment ions are shown in this table in order of their relative abundance: the first ion, in each case, is the most abundant.
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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]. 2

Peak 5 showed a signal az 463 in the MS spectrum,
corresponding to the molecular ion, which was fragmented 1.5
in the M analysis originating only one iom{z 301), cor-
responding to peonidin. The fragmentation pattern was iden- 1
tical to that of malvidin 3©-glucoside (peak 6). Peak 5 was,
therefore, identified as peonidin@G-glucoside.

Peak 1 presented a molecular ion withnaz ratio of 641.
As in peaks 2b and 3, this ion generated two fragment ions in
the M analysis, corresponding to the monoglucoside and
aglycone of petunidinnyz 479 and 317, respectively). The 500 400 500
aglycone was originated again from the fragment iom&f nm
479 in the M$ analysis. Peak 1 was identified as petunidin
3,5-0O-diglucoside.

The third important peak, in quantitative terms, was peak

. . . Table 2

4. Its UV-vis spectrum showed a shoulder in the region of Identity proposed for all the compounds found in the concentrate of isla oca
440 nm and was identical to that of the monoglucoside of typers
petunidin. The retention time and MS data agreed with this 5., humber
proposed identity. The molecular ion hadrafz ratio qf 479 Petunidin 30-glucoside 50 glucoside
and the fragment ion gengrated in |t_s _fragmenta‘uon corre- 5, Delphinidin 30-glucoside
sponded to the anthocyanidin petunidin. Thus, peak 4 waszp Peonidin 3-glucoside-50-glucoside
identified as: petunidin ®-glucoside. 3 Malvidin 3-O-glucoside-50-glucoside

The chromatographic and spectral data (signalgz465 4 Petunidin 30-glucoside
in the MS spectrum, and a¥z 303 in the M$ spectrum) of 2 :’Aecl’”.'g'”g'gllucos'%e
peak 2a allowed us to propose the following identity for it: - lez:d:z 3 Ojgcuectg,zlfcoside_@_glucoside
delphinidin 30-glucoside. The presence of three hydroxyl
groups in the B-ring of this anthocyanidin provokes the ear-
lier elution of this compound in relation to the other monoglu- MS® analysis, the ion afvz535 was fragmented, originating
cosides present in this sample. only one ion at/z 331, by loss of 204 amu. This loss can be

Finally, the last peak in the chromatogram was peak 7. attributed to the simultaneous loss of one glucose moiety and
The compound corresponding to this peak eluted after the one acetic acid moiety (162 + 42). The loss of the acetic acid
monoglucoside of malvidin, the least polar of the monoglu- moiety was not observed since the cleavage of the linkage
cosides of anthocyanins, which means that this compoundbetween the sugar and the acid is not usually produced in the
should possess some kind of acylation in its structure. The fragmentation conditions employed in this kind of analysis
UV-vis spectrum of the peak did not show an additional [25,27,28] Thus, the identity proposed for this compound
shoulder in the region of 309-330 nm, indicating that the was: malvidin 30-acetylglucoside-%3-glucoside.
acylating agent was not a cinnamic acid, but an aliphaticone.  The identity proposed for every compound found in the
Furthermore, it was practically identical to that of peak 4, isla oca tuber concentrate is listedTiable 2
suggesting that peak 7 should be a derivative of malvidin
3,5-0-diglucoside Fig. 2). This compound showed a signal
atm/z697 in the MS spectrum, corresponding to the molecu- 4. Conclusions
larion. The fragmentation of this ion yielded three ionsé&t
ratios 535, 493 and 331, the first being the most abundant. This study has demonstrated, once again, the utility of
They were originated, by the loss of 162, 204 and 366 amu, HPLC-DAD-MS in the analysis of anthocyanins in plant
respectively. The presence of the ions#331 and 493 indi- materials, in this case in a concentrate made from tubers of
cated that compound 7 was a malvidin derivative possessingO. tuberosaThis technique has allowed the identification of
at least one glucose moiety. The loss of 162 amu in the sig- eight different anthocyanins: 3B-diglucosides of petuni-
nal of the molecular ion to generate the ionnoz 535 was din, peonidin and malvidin, 8-glucosides of delphinidin,
indicative of the presence of another glucose moiety. In the petunidin, peonidin and malvidin and the acetylated deriva-

mAU

. *DAD1, 35.9 min (Peak 7)
I E*Malvidin 3,5-diglucoside (Peak 3)

Illllll\lllll\\l‘ll\\I\\\Illll\llllll

o

Fig. 2. UV-vis spectra corresponding to peak 7 (—) and peak)3 (

Proposed identity
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