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Identification of Betalains from Yellow Beet (Beta vulgaris L.)
and Cactus Pear [Opuntia ficus-indica (L.) Mill.] by
High-Performance Liquid Chromatography—Electrospray
lonization Mass Spectrometry
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Betaxanthins, the yellow-orange water-soluble pigments from yellow beet (Beta vulgaris ssp. vulgaris
cv. Bejo Zaden) and cactus pear (Opuntia ficus-indica cv. Gialla) have been investigated using an
HPLC system compatible with mass spectrometry. Five novel betaxanthins were found and
characterized as the immonium adducts of betalamic acid with serine, y-aminobutyric acid, valine,
isoleucine, and phenylalanine. To enable concentration of betalain samples, desalting was performed
by solid-phase extraction. With this technique, betacyanins could be separated from the betaxanthins
using the pH-dependent retention characteristics of red and yellow betalains. The betaxanthin fraction
was taken for the preparation of betalamic acid as a precursor for semisynthetic standards. The
HPLC method was applied to yellow beet and cactus pear, revealing a more complex betalain profile
than described earlier, thus proving its suitability for screening of betaxanthin-containing plants as
potential sources for natural food colors.
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Opuntia ficus-indica ; cactus pear; solid-phase extraction; HPLC; mass spectrometry

INTRODUCTION described. Only very recently, betalamic acid conjugates of
dS-methoxytyramine and tryptophan were elucidate@&osia

interest from both food manufacturers and consumers. Whereas(ls)’ thug inglicating amore comp lex profile of natural betalamic
anthocyanins are well-known as water-soluble colorants, the 2¢/d derivatives than so far believed. .
betalains have not been as thoroughly investigated. This may The analysis of betalains has mainly focused on the red-violet
be explained by the more widespread distribution of anthocya- betacyanins1), whereas betaxanthins were mostly considered
nins compared to betalains, the latter being restricted to 10 for the elucidation of biochemical pathwayz( 23). Moreover,
families of the p|ant order Caryophy||a|es and to the genus the lack of CommerCIa”y available standards has limited betalain
Amanitaof the Basidiomyceteslj. Until now, red beetBeta analysis. Therefore, for betalain screening of edible plant
vulgaris L.) is the only betalain source exploited for use as a material, an HPLC system compatible with mass spectrometric
natural food-coloring stuff, yielding various shades of red and analysis was developed and used for the separation and
violet (2). There is an obvious need for water-soluble yellow identification of the complex betaxanthin r_nlxtures found in
pigments, and therefore sources of betaxanthins have becoméactus pear and yellow beet. Betaxanthin standards were
of interest 8). However, up to the present, little work has been synthesized by reaction of betalamic acid with amino com-
performed on the analysis of betaxanthins for food-coloring pounds. In this study, betaxanthin mixtures were directly
purposes. Yellow beets (Betaulgaris L. ssp. vulgaris cv. hydrolyzed for betalamic acid preparation. Solid-phase extrac-
Golden Beet) have scarcely been investigatecsfdand only tion (SPE) was used for the separation of betaxanthins from
recently, Opuntia ficus-indica(L.) Mill. was found to be a betacyanins, for their concentration, and for the purification of
potential source of both betacyanins and betaxanth®)s ( betalamic acid.
Nineteen betaxanthin structures have hitherto been found in
nature (6—15). Less common amino acids or amines related topATERIALS AND METHODS
the secondary metabolism of betalain-generating plat@s-(
20) may give rise to further structures that have not yet been Plant Material. Yellow beet BetavulgarisL. ssp.oulgariscv. Bejo
Zaden, Chenopodiaceae) was provided by Ernteband (Winnenden,
* Author to whom correspondence should be addressed (telephone G(_armany).and stored at*C. Cactus pearQpuntia ficus-indica(..)
49-711-459-2314; fax + 49-711-459-4110; e-mail carle@  Mill. cv. Gialla, Cactaceae] was purchased from ltaly, stored &€ 4
uni-hohenheim.de). and processed within 1 week to prevent microbial spoilage.

Natural colorants from plant sources are receiving increase
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Betalains from Yellow Beet and Cactus Pear

Pigment Extraction. For pigment analysis of the yellow flesh, 100

J. Agric. Food Chem., Vol. 50, No. 8, 2002 2303

at pH 11.3-11.5 through addition of 25% N¥@H. The hydrolysis was

g of peeled beets was macerated in a blender and extracted byfollowed spectrophotometrically using a Lambda 20 s spec-

continuous stirring with 300 mL of 50% aqueous methanol containing

trometer (Perkin-Elmer, bierlingen, Germany) at 424 nig). At the

50 mM sodium ascorbate. The yellow solution was separated from the point of maximum absorption, the reaction was stopped by addition of
plant tissue on a Blchner funnel with a filter paper (Schleicher & 0.1 M HCI under ice cooling to reach pH 2. After Amberlite XAD-16
Schuell, Dassel, Germany). To achieve complete discoloration of the HP had been preconditioned with acidified water (pH 2), the bright
plant material, the filter residue was rinsed twice with the extraction yellow solution was applied and washed with 0.5 L of acidified water
solution and finally with 100% methanol. The extract was concentrated (pH 2) to remove amino compounds released through betaxanthin
in vacuo (30°C), resuspended in 50 mL of purified water, and flushed hydrolysis. Betalamic acid was then eluted with 100% methanol, and

with nitrogen before freezing at-80 °C. Cactus pear fruits were

the eluate was immediately adjusted to pH 10 through addition of 3 M

manually squeezed, and the filtered juice was flushed with nitrogen NH,OH and then concentrated in vacuo at°& For stabilization of

and stored at-80 °C.
Solvents and Reagent®Reagents and solvents were purchased from
Merck (Darmstadt, Germany) and were of analytical or HPLC grade.

Amino acids and amines were from Fluka (Buchs, Switzerland). The

polymeric resin Amberlite XAD-16 HP (2050 mesh) was purchased
from Rohm & Haas (Darmstadt, Germany).sQreversed phase

betalamic acid, the solution was again adjusted to pH 9 by addition of
3 M NH4OH. The solution was directly taken for partial synthesis of
betaxanthins or stored at80 °C.

Partial Synthesis of Betaxanthins.Partial synthesis was modified
according to a method described previou@)( Amino acid or amine
was added to the alkaline solution of betalamic acid in a2@-fold

cartridges (Chromabond, 1000 mg) were obtained from Macherey & molar excess. After vortexing, condensation was initiated by subsequent

Nagel (Duren, Germany).

Precipitation of Hydrocolloids and Proteins. Hydrocolloids and
proteins were removed by adding 2 mL of 96% ethanol to 1 mL of
sample as described previousBA). After 20 min, the mucilages were

evaporation in vacuo (30C) to yield the respective betaxanthin

resulting in a pH of 4—6. Before analysis, the semisynthetic standards

were filtered (0.2¢m), or flushed with nitrogen, and stored-a80 °C.
Isolation of Betanin and Isobetanin.Betanin and isobetanin were

separated from the aqueous phase on a Blichner funnel with a filter obtained by semipreparative HPLC as described earlier (20).
paper (Schleicher & Schuell) and washed with an ethanol/water mixture  Hjgh-Performance Liquid Chromatography (HPLC). The HPLC
(2:1, viv) until the solid was colorles_s. Ethanol was rem_oved under system (Merck) was equipped with an L-7200 autosampler, a D-7000
reduced pressure at 3€, and the residue was dissolved in 2 mL of  interface module, an L-7100 pump, an L-7350 column oven with Peltier
acidified water (pH 3, see below). cooling module, and an L-7450A diode array detector. Analyses were
Desalting and Fractionation of Betalain Mixtures on a Polymeric performed using an ana|ytica| scale (250 mn3 mm |d) LUNA Cg
Resin. Acidified water was prepared by adding trifluoroacetic acid reversed phase column with a particle size oft (Phenomenex,
(TFA) to purified water until a pH of 2 or 3 was reached. Amberlite  Torrance, CA), fitted with a ¢ ODS guard column (4 mmx 3.0 mm
XAD-16 HP was slurried in purified water and kept overnight 4G4 i.d.). HPLC conditions were as follows: Eluent A consisted of 0.2%
Before use, the material was rinsed with purified water until the TFA and 10% HCOOH (65:35, v/v), and eluent B was prepared by
supernatant was clear. A glass column (40Q5 mm i.d.) was filled mixing 100% acetonitrile and 10% HCOOH (80:20, v/v). Complete
with the slurry, and the sorbent material was rinsedit. of purified separation of betalains was achieved within 75 min at@%nd at a
water and then activated with 0.5 L of 2% aqueous sodium hydroxide flow rate of 1 mL/min. The first 15 min was performed isocratically
solution. After neutralization by rinsing with purified water, the material ith 100% A, followed by a linear gradient from 0 to 20% B in 60
was conditioned to pH 3 by washing Witl L of acidified water. min. Betalains were monitored at 405 nm for betalamic acid and at
Aliquots of 10 mL of the sample were taken for precipitation of 470 and 538 nm for betaxanthins and betacyanins, respectively.
mucilages as described above. The sample was applied to the resin  gjacirospray Mass Spectrometry (MS) The Hewlett-Packard series
and subsequently desalted by rinsing with 0.3 L of acidified water (PH 1109 HPLC system (Hewlett-Packard, Waldbronn, Germany) consisted
3) at a flow rate of 10 mL/min. Then, the betaxanthins were eluted ¢ 3n ALS G1313A thermoautosampler, a G1311A binary gradient
with 100% methanol while the betacyanins remained adsorbed until h;mp a G1322A degasser, a ColComp G1316A column oven keeping
eluted with acidified methanol [95:5, methanol/acidified water (pH 2), 5 constant temperature of 26, and a G1315A diode array detection
v/v]. The yellow fraction was neutralized by additioh®M NH.OH system. Chromatographic conditions were as described above. The
to prevent betaxanthins from acid hydrolysis, concentrated in vacuo at yetector was a Platform I (Micro Mass, Manchester, U.K.) equipped
30°C, and resuspended in purified water for the recovery of betalamic yith a cross-flow interface. The optimal tuning parameters for positive

acid. ) ) ) ) ion electrospray were found to be 3.50 kV for capillary and 40 eV for
When no fractionation was needed, all betalains were eluted in one cone at a source temperature of 120

step with acidified methanol [95:5, methanol/acidified water (pH 2),
v/v] directly after desalting, then neutralized, and finally concentrated
under reduced pressure at 30 as described above. After dissolving
in purified water, the samples were directly analyzed or flushed with
nitrogen prior to storage at80 °C.

Desalting and Fractionation of Betalain Mixtures on a Gg

Cartridge. The Gg cartridge was activated with 3 volumes of 100% h . d oh i d vsis b f
methanol and then rinsed with 3 volumes of acidified water (pH 3). anthocyanin and phenolic compound analysis but, so far, not

Aliquots of 1 mL of the sample were taken for precipitation of routinely used for betalain separation. In this study, separation
mucilages as described above, except that the colored material wasOf yellow and red cactus pear pigments was achieved on both
dissolved in 1 mL of purified water. The sample was applied to the sorbents by using the pH-dependent retention characteristics of
minicolumn and subsequently desalted by rinsing with 3 volumes of betaxanthins and betacyanins. Indicaxanthin, the major com-
acidified water (pH 3). For fractionation, the betaxanthins were eluted pound in cactus pear, displayed retention characteristics similar
with 100% methanol while the betacyanins remained adsorbed until tg those of betanin and was the only betaxanthin that could not
eluted with acidified methanol [95:5, _methanol/ac_:l_dlfled water (pH 2), pe completely separated from the betacyanins. Although the C
vV]. The yellow fraction was neutralized by additioh®M NH.OH minicolumn proved to be applicable for desalting and fraction-
to prevent betaxanthins from hydrolysis, then concentrated in vacuo at _.. . . .
30 °C, and resuspended in purified water. When no fractionation was ation of betalain samples, frj‘ polymeric resin was chosen Tor
required, all betalains were eluted in one step and handled as described@9€r volumes and more highly concentrated samples. Using
above for the resin. this method, desalting and fractionation were possible in one
Preparation of Betalamic Acid. Juice from cactus pear was St€p. Whereas desalting of betanin solutions on a polymeric resin
desalted, and betaxanthins were separated from betacyanins as describatsing acidified aqueous acetone as eluent has been described
above. For betalamic acid preparation, betaxanthins were hydrolyzedearlier (31), the separation of betacyanins and betaxanthins has

RESULTS AND DISCUSSION

Semipurification of Betalain Samples and Separation of
Betacyanins and Betaxanthins SPE with Gg sorbents (26,
27) and polymeric resin8—30) have been widely applied in
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Table 1. Retention Times and HPLC-PDA and Mass Spectrometric Data of Betaxanthins, Betalamic Acid, Betanin, and Isobetanin and Their
Occurrence in Yellow Beet and Cactus Pear

m/z [M + HJ*b
amino acid or amine moiety trivial name tr standard? (min) Amax Vis (nm) yellow beet cactus pear

asparagine vulgaxanthin Il 4.1 470
histidine muscaaurin VII 4.2 474
serine 49 470 299 299
taurine 5.0 463
aspartic acid miraxanthin Il 6.2 470
glutamine vulgaxanthin | 6.9 470 340 340
hydroxyproline portulacaxanthin | 7.1 477
ornithine 7.3 460
glycine portulacaxanthin Il 7.6 470
histamine 8.3 467
methionine sulfoxide miraxanthin | 8.6 470
arginine 8.8 470
threonine 10.4 470
glutamic acid vulgaxanthin 11 12.3 470
p-alanine 14.9 460
citrulline 15.0 470
lysine 16.6 460
alanine 23.4 467

betalamic acid 25.3 406
y-aminobutyric acid 29.9 460 297 297
proline indicaxanthin 32,6 477 309 309
epinephrine 327 470
Dopa dopaxanthin 36.5 470
norepinephrine 36.7 470
cyclo-Dopa-glucoside betanin 317 539 551
octopamine 40.1 470
cyclo-Dopa-glucoside isobetanin 40.8 539 551
dopamine miraxanthin V 421 460 347
5-hydroxytryptophan 428 470
tyrosine portulacaxanthin Il 437 470
methionine 454 470
valine 474 470 311 311
serotonin 48.6 463
norvaline 48.9 470
tyramine miraxanthin 111 49.9 460
isoleucine 59.9 470 325 325
leucine vulgaxanthin IV 60.8 470 325 325
norleucine 62.4 470
phenylalanine 63.5 470 359 359
tryptophan 65.2 470 398
phenethylamine 68.9 464
tryptamine 73.6 463

a Retention times of semisynthesized betaxanthin standards. P m/z values indicate the occurrence of the respective betalain in the sample.

not yet been reported. In other studies betalain fractionation wasaddition of TFA. Optimum separation was achieved with
performed on ion-exchange resin32(-35) or by stepwise  mixtures of aqueous 10% formic acid and 0.2% aqueous TFA
extraction with acidified ethanoBg). However, an additional at a ratio of 35:65 (v/v). Fast atom bombardment mass
desalting procedure was still necessary &), Using a series  spectrometry has been first exemplified for the structural
of volatile eluents containing formic acid with a pH between elucidation of humilixanthin®), and only lately was ion spray
0.9 and 2 for fractionation 36), additional desalting was successfully adapted to the characterization of betaxant2iys (
dispensable. However, acid residues caused partial degradatior23). When coupled with liquid chromatography, the latter
of the pigments during evaporatiod9). In this study, acidifica- technique allows for direct screening without prior isolation of
tion was performed with TFA, possessing a higher acidity and individual betaxanthins. In accordance with previous studibs (
a lower boiling point compared to formic acid. Whereas pH 20, 23), only the positive ionization mode proved to produce
values of 2 and 3 were required for pigment retention, the eluatesdistinct molecular ions.
were adjusted to elevated pH. With respect to pigment stability,  Partial Synthesis and HPLC of Betaxanthin Standards.
betacyanin fractions were kept at pH £0], betaxanthins at  Table 1 shows retention times and spectral characteristics of
pH 7, and betalamic acid solutions at pH4LJ. 39 betaxanthin standards, together with betalamic acid, betanin,
HPLC/ESI-MS Analysis. HPLC analysis of betaxanthins has and isobetanin. Betanin and isobetanin were provided as
been carried out by several group®3( 25, 42). Thorough described earlier (20), whereas betaxanthins were procured by
screening of cactus pear samples with a broad spectrum ofpartial synthesis as reported befo25). In this study, the
betaxanthins showed that early-eluting betaxanthins could precursor betalamic acid was obtained by alkaline hydrolysis
hitherto not be detected in an MS compatible system. When in of betaxanthin mixtures from cactus pedfigure 1) and
this study 10% aqueous formic acid was used to retain all subsequent removal of released amino compounds by SPE. Vice
pigments, the most polar betaxanthins coeluted. The separatiornversa, betalamic acid was condensed with amino compounds
of early-eluting compounds could be improved through the to yield the respective betaxanthins (Figure 1). A similar
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Figure 2. HPLC profile of betaxanthins (Bx) in yellow beet (470 nm).
Peaks: 1, tentatively identified as muscaaurin VII, no mass signal could

o be obtained; 2, serine-Bx; 3, not identified, Amax = 454 nm; 4, vulgaxanthin
I; 5, y-aminobutyric acid-Bx; 6, indicaxanthin; 7, not identified, Amax =
H R R* 474 nm; 8, miraxanthin V; 9, valine-Bx; 10, isoleucine-Bx; 11, leucine-Bx;
+ \r 12, phenylalanine-Bx; 13, tryptophan-Bx.
NH AU 3
o N 2 1.5 -
HOOC COOH ;

H

Figure 1. Alkaline hydrolysis and partial synthesis of betaxanthins. R* = i
COOH for amino acids and H for amines, respectively. z

approach has previously been descritls) &nd presentsaway |,
to circumvent the semipreparative isolation of betanin as a
source of betalamic aci®28, 25). Compared to yellow beet, 1 .
cactus pear proved to be a better source of betaxanthins due to -
the low content of phenolic compounds@puntia(unpublished i |3
results), thereby avoiding interferences with betalain analysis. 0. ! 1
Moreover, pressed cactus pear juices could be taken for sample
preparation without extraction as necessary for yellow beet : , 10 "
tissue. i 9

The HPLC system presented was suitable for the separation - 8
of a great variety of betaxanthins. The first eluting standard __rJ Lu
was vulgaxanthin Il with asparagine as amino acid moiety, °7
whereas the least polar betaxanthin was the tryptamine deriva-
tive. In accordance with previous investigatio28,25), amine
derivatives of betalamic acid eluted after their corresponding
amino acid adjuncts due to the higher polarity of the latter. This
elution order was demonstrated for histidine and histamine,
aspartic acid ang-alanine, glutamic acid ang-aminobutyric
acid, Dopa and dopamine, 5-hydroxytryptophan and serotonin, )
tyrosine and tyramine, and phenylalanine and phenethylaminePhenyialanine-Bx.
as well as for tryptophan and tryptamine, respectively. Epi- and from 0.4 to 3.3% in yellow beet and cactus pear,
nephrine, valine, and leucine eluted prior to their respective respectively. Through removal of both pectic substances and
‘nor’-amino adducts (Table 1). sugars by SPE, a 40-fold concentration of betalain mixtures (40

HPLC-ESI-MS of Betaxanthin Samples. Through the g of yellow beet tissue or 40 mL of cactus pear juice/mL of
combination of the HPLC system with electrospray mass sample) was possible with minor compounds reaching a
spectrometry in the positive ionization mode, betaxanthins from sufficient quantity for MS detection. As a result, a broader
yellow beet Betavulgaris L. ssp.vulgariscv. Bejo Zaden) and  profile of betaxanthins than previously reported could be
cactus pearQpuntia ficus-indica(L.) Mill. cv. Gialla] could identified in yellow beet and cactus pediable 1 provides a
be characterized (Figures@d3). Although betaxanthins did list of synthesized betaxanthins and their occurrence in yellow
not differ markedly in their absorbance maxima, their identifica- beet or cactus pear.
tion was possible by specific retention and mass characteristics. Yellow Beet. As shown inTable 1, 10 betaxanthins were
Both plant samples showed a great difference of the major identified, with vulgaxanthin I being the major compound. The
betaxanthin, accounting for 85 and 75% of peak area at 470latter has been reported in yellow beetroot together with
nm, compared to the minor compounds ranging from 0.2 to 3.8% indicaxanthin 4, 5, 14, 42). Due to their low concentration,

20 40 60 min

Figure 3. HPLC profile of betacyanins and betaxanthins (Bx) in cactus
pear (470 nm). Peaks: 1, tentatively identified as muscaaurin VII, no
mass signal could be obtained; 2, serine-Bx; 3, not identified, Amax =
454 nm; 4, vulgaxanthin I; 5, y-aminobutyric acid-Bx; 6, indicaxanthin; 7,
betanin; 8, isobetanin; 9, not identified, Anax = 474 nm; 10, not identified,
Amax = 474 nm; 11, valine-Bx; 12, isoleucine-Bx; 13, leucine-Bx; 14,
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vulgaxanthin IV and miraxanthin V have hitherto been detected
only in suspension cultures of red and yellow beets @2,

23). Although the tryptophan adduct was very recently reported
to impart the orange and yellow color Belosia argentea
inflorescences (15), it has never been found in beet before. To
the best of our knowledge, adducts of betalamic acid with serine,
y-aminobutyric acid, valine, isoleucine, and phenylalanine have

never been reported before as naturally occurring betaxanthins.

Consistent with the literature, betacyanins were completely
absent in extracts from the flesh of yellow beEigure 2).
Cactus Pear.Orange and yellow shades of cactus pear fruit
are caused by different ratios of betanin and indicaxantjn (
8, 43). In this study, 10 betalains could be detected, with
indicaxanthin as the major compourithple 1). Indicaxanthin,
vulgaxanthin I, betanin, and isobetanin have previously been
reported (38, 43), whereas vulgaxanthin I, miraxanthin Il, and
neobetanin, which were already described for different cactus
pear cultivars (3), could not be identified in the cultivar

investigated. Because the presence of neobetanin was also
discussed as a result of harsh treatment during sample prepara-

Stintzing et al.

(7) Strack, D.; Schmitt, D.; Reznik, H.; Boland, W.; Grotjahn, L.;
Wray, V. Humilixanthin, a new betaxanthin froRivina humilis
Phytochemistry1 987,26, 2285—2287.

(8) Piattelli, M.; Minale, L.; Prota, G. Isolation, structure and absolute
configuration of indicaxanthinTetrahedron1964, 20, 2325—
2329.

(9) Piattelli, M.; Minale, L.; Prota, G. Pigments of Centrospermae.
Ill. Betaxanthins fromBeta vulgaris L. Phytochemistryl965,
4,121-125.

(10) Piattelli, M.; Minale, L.; Nicolaus, R. A. Pigments of Centro-
spermae. V. Betaxanthins froMirabilis jalapa L. Phytochem-
istry 1965,4, 817—823.

(11) Do6pp, H.; Maurer, S.; Sasaki, A. N.; Musso, H. Die Konstitution
der Muscaaurineliebigs Ann. Cheml982,2, 254—264.

(12) Piattelli, M. Betalains. IrfChemistry and Biochemistry of Plant
PigmentsGoodwin, T. W., Ed.; Academic Press: London, U.K.,
1976; pp 560—596, 831—842.

(13) Trezzini, G. F.; Zryd, J.-P. Two betalains froRortulaca
grandiflora. Phytochemistry1 991,30, 1897—1899.

(14) Hempel, J.; B6hm, H. Betaxanthin pattern of hairy roots from
Betawulgaris var. luteaand its alteration by feeding of amino
acids.Phytochemistryi997,44, 847—852.

tion (44), its absence in the present study can be taken as an (15) Schliemann, W.; Cai, Y.; Degenkolb, T.: Schmidt, J.; Corke, H.

indicator for a gentle workup procedure. In our investigation,
vulgaxanthin 1V was detected for the first time in cactus pear,
whereas the conjugates of betalamic acid with sennami-
nobutyric acid, valine, isoleucine, and phenylalanine, respec-
tively, were described as novel betaxanthins (Figure 3).

Through improved means of concentration and HPLC coupled
with MS, this study demonstrated a greater variety of betax-
anthins than so far known. Furthermore, a simple way for
providing betaxanthin standards is presented which allows for
thorough screening of plant matrices for their betalain spectrum.
Because few data exist on betaxanthin stability and color
properties 4, 5), this is also a convenient way to provide
betaxanthins for studying model solutions. The antiradical
activity of betacyanins was attributed to free phenolic hydroxyl
groups #5). Some betaxanthins such as dopaxanthin, mira-
xanthin V, or portulacaxanthin Il display this active structural
prerequisite, so betaxanthins may also be of interest not only
as food colorants and for the supplementation of food with
amino compounds4g) but also as functional compounds with
potential antioxidative properties.
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