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Fruit Flesh Betacyanin Pigments in Hylocereus Cacti
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Determination of profiles and total contents of betacyanins in cactus fruits of Hylocereus species
using chromatographic and spectrophotometric method is described. The investigated species were
H. polyrhizus, H. purpusii, H. costaricensis, H. sp. 487 (all red-flesh species and hybrids made among
them), and the white- or red-flesh species H. undatus. Hybrids included hybrid 1 (H. undatus white-
flesh clone and H. sp. 487), hybrid 35 (H. sp. 487 and H. polyrhizus), and the reciprocal hybrid hybrid
95 (H. polyrhizus and H. sp. 487). Fruits of H. polyrhizus exhibited the highest relative concentration
(expressed as percentage of the total HPLC peak area) of hylocerenin, a recently discovered pigment,
and a high relative concentration of phyllocactin. Hylocerenin and isohylocerenin, present in fruits at
relative concentrations of 11.7 and 5.8%, respectively, are probably responsible for the fluorescent
color of the fruit pulp. H. costaricensis fruits have a much higher content of phyllocactin (63.9%),
which is almost 4 times higher than the betanin content. These differences in pigment concentrations
might explain the differences in red hues of the flesh of these fruits.
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INTRODUCTION ~16 species oHylocereusin Central America and Mexico,
andH. undatusis widely used as garden plant in the tropical
world. Fruits of H. undatusneed no more than-40 days to
complete development. Other speciesHyflocereus such as

H. costaricensis(Figure 1b) and H. polyrhizus are also
candidates for domestication because they produce large attrac-

Currently ~30 stuctures of betacyanins are known and are tive fruits (6, 10). Crosses between these species occur and can

well documented3). Most of these are B-glucosides, such result in hybrids with good horticultural characteristidg)(

as betanin, which is present in almost all plants containing 1he fruits of Hylocereusspecies, known as red pitaya or
betacyanins and is the major red-violet pigment in red beet root Pitahaya, which means “the scaly fruit”, in Latin America, are
(Beta vulgaris), but 60-glucosides have also been detected. Mmedium-large berries bearing large green or red scdlgs (
Further glycosylation of the ®-glucoside is very common and  The peel is usually red, and the pulp varies from red or purple
as is esterification with hydrocinnamic acids such as ferulic or colors of various hues to white. The pulp is delicate and juicy
p-coumaric acids3) or malonic acid {, 4). Recent research  and contains numerous small soft seeds. The plants are grown
reported the structural elucidation and discovery of a new in the open in tropical areas but must be protected from intense

Betacyanins are a class of water soluble pigments that provide,
the colors in a wide variety of flowers and fruits. The red-violet
betacyanins and the yellow betaxanthins belong to the betalain
pigments. Betanidin and isobetanidin (the corresponding C-15
diastereoisomer) are the simplest betacyaning)

betacyanin, named hylocerenin [betanidirD§6’'-O-(3"-hy- solar radiation and subfreezing temperatures when cultivated
droxy-3'-methylglutaryl)5-p-glucopyranoside]] in newly do-  under subtropical conditions such those prevailing in Isi@el (
mesticated species éfylocereuscacti ©). 13). In Israel, some of these cacti are already produced

Hylocereus polyrhizugFigure 1) and its related species commercially, among therhlylocereus polyrhizyswvhich has
belong to the vine cacti from the subfamily Cactoideae of the a glowing deep red-purple fruit flesH4). The pulp ofH.
tribe Cacteae®). This tribe contains many species with edible polyrhizusis already used in Israel for the production of red-
fruits. Several species of climbing cacti of the gehiysocereus  violet ice cream. These fruits have also the potential to be used
have recently been developed as fruit crops9). There are iy Jow-temperature dairy drinks and in light drinks with or
without other fruit juices.

33; forresp_londing augOL (telephlgFf?S-ll)Z—GZS-Z?O?; fax-48-12-633- The objective of this study was to determine profiles and total
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Figure 1. Photographs of (a) H. polyrhizus and (b) H. costaricensis.

MATERIALS AND METHODS rpm and—4 °C for 20 min. After careful decantation, the extract was
concentrated in vacuo at 2& to 3—4 mL and stored in a dark vessel
at —19 °C. The roots from red beeBgtavulgaris) was processed by
using the same procedure. The supernatant was analyzed directly by
UV —vis spectrophotometry. For HPLC analysis the extracts were
purified.

UV—Vis. Total betacyanin content and UWis absorption spectra

Plant Materials and Growing Conditions. The species selected
for this study wereH. polyrhizus H. sp. 487, H. purpusii H.
costaricensisH. undatus(red- and white-flesh species), and various
hybrids made among them. The hybrids were hybrid 1 (white flesh
clone of H. undatus& sp. 487), hybrid 35 H. sp. 487 and H.
polyrhizug, and hybrid 95 . polyrhizusandH. sp.487). The clones . .
were originally introduced as cuttings to Israel from the Huntington [ the range of 206700 nm were determined on a Jasco U-530-UV
Botanical Garden in California or from other cacti gardens from Israel ViS SPectrophotometer (Jasco Corp., Tokyo, Japan).
and elsewhereld). Hybrids were made in Beer-Sheva, Israel, by Ben- Extract Purification. The concentrated betacyanin extracts were
Gurion University personnell(). The study was carried out at the  purified in two steps prior to analytical HPLC by column chromatog-
Ben-Gurion University of the Negev campus in Beer-Sheva, during raphy. The first cleanup was performed on a Sephadex G-25 (Sigma,
1998-2000. The experiments were performed erd3year-old-plants Steinheim, Germany) according to the method of given irLEefThe
grown on a trellis in a greenhouse. The plants were irrigated once a extract (0.5 mL) was purified on gel in a 40 cm 1.2 cm i.d. glass
week wih 2 L of water per plant during the cold wet season column, pre-equilibrated with 1% acetic acid. The 1% acetic acid eluent
(NovembeFApr”) and twice a week with 2.5 L of water per p|ant flow rate was 1.0 mL/min. The red betacyanin fraction, eluting between
during the hot season (MayOctober); water contained 70 ppm of N, 40 and 45 min, was collected and lyophilized. The residue was
9 ppm of P, and 70 ppm of K. The average maximum/minimum redissolved in water and purified on LH-20-100 (Slgmla5)(|n a 40
greenhouse temperatures were 2826n the coldest month (January) ¢m x 1.0 cm i.d. glass column with water as eluent (flow rat®.9
and 35/18°C in the hottest month (August). The maximum temperature ML/min). The red betacyanin fractions, eluting between 35 and 40 min,
was 45°C during the summer, and the minimum temperature was 2 were collected and lyophilized.
°C during the winter. All flowers were hand-cross-pollinated with other HPLC Analysis. Analytical HPLC was carried out on an LC-10AT-
compatible clones and tagged0Of. The fruits were harvested for VP chromatograph with a photodiode array SPD-M10A VP detector
analysis after reaching full ripening stage (between 30 and 40 days (Shimadzu Corp., Kyoto, Japan) equipped with a LiChroCART 250-4
after anthesis). The edible pulp was taken for analysis. (250 x 4 mm i.d.), LiChrospher 60 RP-select B g5n) column, or a

Pigment Extraction. Typically 100 g of the peeled fruit, of watery ~ LiChroCART 250-4 (250x 4 mm i.d.), LiChrospher 100 RP-18 (5
consistency, was shaken with 200 mL of 80% ageuous EtOH for a um) column protected by a guard column. The separation was
few minutes, followed by fast filtration and centrifugation at 18000 performed isocratically using a mixture of 90% solvent A (0.5%
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Figure 2. Chemical structures of analyzed betacyanins in the Hylocereus < LT\ 2 ,
cacti. Compound numbers refer to Figure 3 and Table 1. ] 3 3
aqueous TFA) with 10% solvent B (acetonitrile) for 35 min at a flow 2 C
rate of 0.5 mL/min (injection volume= 10 uL; detection at 538 nm):
1,tr = 8 min; 2, tr = 18 min; 3, tr = 23 min. Slightly different elution ]
patterns of betacyanins were observed depending on the column ; 1
(compound?’ and 3 were eluted in different orders). @
®
RESULTS AND DISCUSSION g
. =2
The presence of the betacyanifis-8) and theirl5Risoforms g
(1'=3) has been detected previously by HPLC of fruit pulp = 1 32 ,
extracts fromH. polyrhizus and their structures were elucidated \ A A 3
by electrospray MS-MS anéH NMR (Figure 2) (5). Fruit 0.0 100 200 300

extracts of the othemHylocereus clones exhibited similar Time [min]

retention time prqflles on HPLC chromatogranﬁs@ure?). Figure 3. HPLC patterns of betacyanins from fruit pulp of H. polyrhizus
Parts A-C of Figure 3 show the typical HPLC profiles of )\ s 487 (8) and H. costaricensis (C). Peak numbers refer to Figure

H. polyrhizus H. sp. 487, andH. costaricensi@xtracts obtained 5 “ppa corresponding isoforms are depicted with numbers 1, 2', and 3'.

on the analytical LiChrospher 100 RP-18 column. Usually six

pigments were observed. On an analytical column filled with sp.487 (1.5%) and fruit 8 (hybrid oH. undatuswhite clones

LiChrospher 60 RP-select B stationary phase, compoundsandH. sp.487) (1.3%). The isohylocerenin relative content was

corresponding to peaks’ 2nd 3 eluted in reversed order. almost negligible in most of the fruits except fdr polyrhizis

Furthermore, thd5Sforms are eluted in HPLC on ODS-type  (5.8%).

columns with acidic eluents earlier than th&Rforms (the The total betacyanin contents were calculaféable 1) in a

isoforms) (6). Therefore, peaks 13 can be attributed to  similar way to that reported in ref7, with some modifications.

betanidin-based forms, whereas peaks3l can be attributed  The results were expressed as milligrams of betanin equivalents

to isobetanidin-based forms. Additionally in this work com- per gram of fresh fruit pulp, takingssg(1%) = 1120 for betanin

pounds 1/1' were assigned as betanin and isobetanin by (18) during spectrophotometric calculations. The concentration

cochromatography with authentic betanin from red beet. ranged between 0.39 and 0.23 mg/g, and the highest amount
Distribution and quantification of the betacyanins in the was found in fruits ofH. costaricensis

Hylocereusspecies have not been described previously. The Different colors were observed kylocereudruit pulps Fruit

quantitative analysis results revealed that betanin and phyllo- pulp of H. polyrhizis is characterized by the glowing purple-

cactin were the predominant betacyanins in all fruits of red color in contrast to less glowing or nonglowing colors in

Hylocereus species Table 1). The betanin concentration, the pulp of the other species. The difference was attributed to

expressed as percentage of the total HPLC peak area, rangedifferent pigments and their different concentration ratios in the

between 17.9% foH. costaricensisand 76.2% for hybrid 1 pulp. The color of the fruit pulp ofH. polyrhizis can be

(H. undatuswhite clones andH. sp.487). The highest relative  attributed to the presence of pigmehin the fruit.

concentration of phyllocactin was found fét. costaricensis Among the fruits investigated only fruits d¢f. polyrhizus

and was 63.9% of the total area. THglocereudruits contained exhibited much higher contents of hylocerenin, phyllocactin,

usually much lower amounts of betanin and phyllocactin and their isoforms. Hylocerenin and isohylocerenin, present in

isoforms. fruits at 11.7 and 5.8%, respectively, are probably responsible
The highest relative concentration of the newly discovered for the fluorescent color of the fruit pulpl. costaricensidruits
acylated betacyanin, hylocerenin, was observdd. ipolyrhizis have a much higher content of phyllocactin (63.9%), which is

fruits (11.7%). The lowest amounts were found in fruits-bf almost 4 times higher than the betanin content.
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Table 1. Total Contents and Relative Concentrations (Expressed as (3) Strack, D.; Steglich, W.; Wray, V. Betalains.Methods in Plant
Percentage of the Total HPLC Peak Area) of the Six Betacyanins BiochemistryWatermann, P. G., Ed.; Academic Press: London,
Found in Analyzed Hylocereus Cacti U.K., 1993; Vol. 8, pp 42+450.
] (4) Kobayashi, N.; Schmidt, J.; Nimtz, M.; Wray, V.; Schliemann,
relative conen (%) for peaks W. Betalains from Christmas cactuBhytochemistry2000Q 54,
1 2 3 total pigment 419-426.
fruit r 2 3 content (mg/g) (5) Wybraniec, S.; Platzner, I.; Geresh, S.; Gottlieb, H. E.; Haimberg,
H. polyrhizus 189+13 361+22 11.7+11 0.28 + 0.019 M.; Mogilnitzki, M.; Mizrahi, Y. Betacyanins from vine cactus
72+£055 192+15 58+0.32 Hylocereus polyrhizusPhytochemistry2001, 58, 1209-1212.
H. sp. 487 57.2+42 342+21  15x011 0.30£0023 (6) Raveh, E.; Weiss, J.; Nerd, A.; Mizrahi, Y. Pitayas (genus
H. purpusii 623 i gil Zig i 218 2(2) i ggg 0.23 +0.018 Hylocereuy. A ngw fruit crop for the Negev Qesert of Israel.
724073 24+017 0.1+003 In New CropsJanick, J., Simon, J. E., Eds.; Wiley: New York,
H. costaricensis 179+14 639+41 6.4+072 039+0.041 1993; pp 49%+495.
28+032 74+066 1.0+015 (7) Barbeau, G. La pitahaya rouge, un nouveau fruit exotigusts
g;grﬂolne) 723 i 231 1%8 i %7 22 i g% 028 +0.024 (8) Reyes-Ramos, \El Qulti vo de las Pitahayas y sus Pe'rsp@reti
(H.u.white & 487)  9.6+0.79  0.7+009  0.2+0.03 de Desarollo en MexicdReyes-Ramos: Tabasco, Mexico, 1995.
hybrid 35 60.6+42 195+19 41+0.34 0.33+0.031 (9) Mizrahi, Y.; Nerd, A.; Nobel, P. S. Cacti as croptortic. Rev.
(487 &H.p.) 136+13 19+£017 02+0.04 1997 18, 291-320.
hybrid 95 579+38 19715 3.6+044 030+0.023 ; . M ; : ;
(Hy. 0.8 487) 113511 645053 105011 (10) Weiss, J.; Nerd, A.; Mizrahi, Y. Flowering behaviour and

pollination requirements in climbing cacti with fruit crop
potential.Hortic. Sci. 1994 29, 1487-1492.

(11) Tel-Zur, N.; Abbo, S.; Bar-Zvi, D.; Mizrahi, Y. Hydridization
between speices and gera of fruit-crop vie cacti of the genera

@ Values are means of three samples + confidence interval at 95% level of
confidence. Peak numbers refer to Figure 2.

It is interesting to note that the red flesh léf undatushad Hylocereusand Selenicereus98th International Conference of
a content of red pigments similar to that of the hybrid made of the American Society for Horticultural Scien&acramento, CA,
the white-flesh clonéd. undatuswith H. sp.487, but the ratio July 22-25, 2001; American Society for Horticultural Science:
among the pigments was different. This dissimilarity might point St. Joseph, MI, 2001; p 441.
to dissimilarity of pigment metabolism between these two (12) Nerd, A;; Gutman, F.; Mizrahi, Y. Ripening and postharvest
genotypes. On the other hand, for the reciprocal hybrids (samples behaviour of fruits of twoHylocereusspecies (Cactaceae).
7 and 8 inTable 1) both the content and the profile were similar, Posthavest Biol Technol 1999 17, 39-45.
pointing to similar metabolisms. (13) Raveh, E.; Nerd, A.; Mizrahi, Y. Responses of two hemiepiphytic
The first results of betacyanin concentration analysis in fruits fruit-crop cacti to different degrees of shacei Hortic. 1997
of diverseHylocereuscacti make it clear that these cacti are 53, 115-122.
the third richest betacyanin source for food-coloring agents after (14) Mizrahi, Y.; Nerd, A. Climbing and columnar cacti: new arid
Beta vulgaris and Amaranthusspecies 17). Various contents land fruit crops. InPerspecties on New Crops and New Uses
of hylocerenin, phyllocactin, and their isoforms found in the Janick, J., Ed.; American Society for Horticultural Sciences
cacti fruits may result in different properties of the coloring Press: Alexandria, VA, 1999; pp 35866.
agents derived from these fruits. (15) Adams, J. P.; von Elbe, J. H. Betanin separation and quantifica-
This is the first report of its kind on these new fruit crops, tion by chromatography on geld. Food Sci 1977 42, 410~

and much more work should be carried out with various species, 414. )
genera, and hybrids to get a better understanding of how profiles (16) Schliemann, W.; Joy, R. W., IV; Komamine, A.; Metzger, J.

and hues are related, their mode of inheritance, and possible ~ W-» Wray, V.; Strack, D. Betacyanins from plants and cell
commercial uses of these pigments in the food industry. cultures ofPhytolacca americanaPhytochemistryl996 42,
1039-1046.

(17) Cai, Y. Z.; Sun, M.; Wu, H. X.; Huang, R. H.; Corke, H.
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