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Pitahaya (Hylocereus spp.): a new fruit crop, a market with a future.

Abstract — Introduction. Still practically unknown in the mid-1990s in Europe, pitahaya
(Hylocereus spp.) is now a full member of the ‘small exotic fruits’ category in shops. Never-
theless, these species are not very well known. The aims of our work were first to evaluate
thoroughly the literature currently available on Hylocereus and secondly to supplement this
review by agronomic works not yet published. Knowledge of Hylocereus. The study inclu-
des a presentation of the origin, botany, morphology and floral biology of the principal spe-
cies cultivated within the Hylocereus genus and suggests a key for determination.
Cultivation techniques. The agronomical practices used in Hylocereus orchards are broa-
ched: multiplication, cultivation practices (supports, density, pruning, mineral nutrition, irriga-
tion, etc.), pollination and harvest. Pests and diseases are cited too. Physico-chemical
composition of fruits. This work draws up a review of different studies regarding pitahaya
composition, micronutrients and pigments. Post-harvest and processing. The life of the
fruit after harvest (conservation and storage life) is approached as well as the various possibi-
lities of processing. European market. The European market is analyzed for the various cul-
tivated species of Hylocereus (imported quantity, market segment, origin of production, etc.)
and its evolution prospects are evoked. Conclusion. Our review highlights the fact that the
interest shown in these pitahayas is recent and, for these reasons, more detailed knowledge
on these species is required (agronomic, genetic and technological).

tropical zones / subtropical zones / Hylocereus / botany / agronomy / chemical
composition / storage / postharvest technology / European union / markets

Les pitahayas (Hylocereus spp.) : nouveaux fruits, marché en devenir.

Résumé — Introduction. Encore pratiquement inconnues dans le milieu des années 1990, les
pitahayas (Hylocereus spp.) font désormais partie intégrante du marché européen au linéaire
« petits fruits exotiques ». Pourtant, ces différentes especes semblent mal connues. Les objectifs
de notre travail ont été a la fois de faire un point approfondi de la bibliographie disponible et
de compléter cette synthése par des travaux agronomiques non publi€és. Connaissance des
Hpylocereus. L'étude comprend une présentation de 'origine, la botanique, la morphologie et
la biologie florale des principales espéces cultivées au sein du genre Hylocereus et propose une
clé de détermination. Techniques culturales. Les différentes pratiques culturales connues sont
abordées : techniques de multiplication, conduite agronomique (palissage, taille, fertilisation,
irrigation, etc.), pollinisation, récolte, etc. Les principaux ravageurs et maladies sont également
cités. Composition physico-chimique des fruits. Ce travail fait une synthése des différentes
études effectuées sur la pitahaya : composition physico-chimique, micronutriments et colorants.
Postrécolte et transformation. La vie du fruit apres récolte (conservation, stockage, etc.) est
abordée, ainsi que les différentes possibilités de transformation. Marché européen. Le marché
européen est analysé pour les différentes especes d’Hylocereus cultivées (volumes importés,
provenances, etc.) et ses perspectives d’évolution sont évoquées. Conclusion. Notre synthese
bibliographique montre que l'intérét porté aux pitahayas est récent et qu’il convient, pour ces
raisons, d’approfondir les connaissances sur ces especes (agronomie, génétique, technologie).

zone tropicale / zone subtropicale / Hylocereus / botanique / agronomie /
composition chimique / stockage / technologie aprés récolte / union
européenne / marché
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1. Introduction

Practically unknown fifteen years ago,
pitahaya' today occupies a growing niche
in Europe’s exotic fruit market [1, 2] as well
as in the domestic markets of producer
countries, such as Vietnam [3], Colombia [1],
Mexico [4], Costa Rica and Nicaragua [5].
Elsewhere, pitahaya is considered to be a
new, promising fruit species; it is cultivated
on different scales in Australia [6], Israel [7]
and Reunion Island [8]. This success can be
explained in part by the fruit qualities and
characteristics (attractive colors and shape)
and also by the commercial policies of some
producing and exporting countries (e.g.,
Vietnam, Colombia and Israel).

The generic term ‘pitahaya’ includes sev-
eral different species and this can be a
source of confusion. Currently, only a few
species of pitahaya are usually found on the
market: yellow pitahaya [S. megalanthus
(Schum.) Britt & Rosel, a fruit with a yellow
skin and white pulp, and red pitahaya
(Hylocereus spp. Britt & Rose), fruits with a
red skin and white or red pulp, depending
on the species. Our study deals more par-
ticularly with the genus Hylocereus that
comprises sixteen species. These species
are endemic to Latin America and, to our
knowledge, they are not very well known
and have only recently been the subject of
studies. Available publications deal with
very specific topics associated with the dif-
ficulties met by countries that have intro-
duced the new species; the principal
research topics being floral biology [7, 9-12]
and ecophysiology [13-21]. The aims of our
work were to draw up an exhaustive list of
literature currently available on Hylocereus,
grouping the references by discipline (bot-
any, biogeography, floral biology, agron-
omy, post-harvesting, composition and mar-
keting) and to complete the list with
agronomic works that have not been pub-
lished in international journals, but are use-
ful for those involved in promoting the new
species.

! Different spellings are used: Pitahaya,
pitaya, pitajaya, pitajuia or pitalla.
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2. Knowledge of Hylocereus

2.1. Botanical classification

Pitahaya belongs to the genus Hylocereus of
the botanical family Cactaceae. Hylocereus
is characterized by climbing plants with aer-
ial roots that bear a glabrous berry with large
scales [22]. Hylocereus spp. are diploid (2n =
22) [4, 10]. The dicotyledonous family Cac-
taceae (Caryophyllales) comprises between
120 and 200 genera consisting of between
1500 and 2000 species found especially in
the semi-desert, hot tropical regions of Latin
America [23]. Cactaceae are mainly appreci-
ated for their ornamental qualities, but they
also include nearly 250 cultivated species of
fruit-bearing and industrial crops [24]. How-
ever, few species are of economic value.
The genus Opuntia Mill. is probably the
most widely cultivated for its fruits (cactus
pear, prickly pear, Barbary fig or tuna) and
Dactylopius coccus O. Costa, the host of the
cochineal insect from which red dye is
extracted [1]. The cochineal insect is also
raised on Nopalea cochenillifera (L.) Salm-
Dyck [23].

In Latin America, many different culti-
vated species and fruits are referred to as
pitahaya, a generic and vernacular name
that renders their botanical classification dif-
ficult. However, all pitahaya are grouped
into four main genera: Stenocereus Britton
& Rose, Cereus Mill., Selenicereus (A. Berger)
Riccob and Hylocereus Britton & Rose [1,
25]. We focused more particularly on the
Hylocereus species.

There are many contradictions concern-
ing the botanical classification of Hylocereus
[1, 5] that are probably explained by the sim-
ilar morphological characteristics and / or
environmental conditions. In our paper, we
use the Britton and Rose classification [25]
(figure 1), but also took into consideration
the results of recent genetic analyses [26].
Thus, there are 16 species of Hylocereus,
whose ornamental value is due to the
beauty of their large flowers (15-25 cm) that
bloom at night; they are creamy white in
color, except H. stenopterus and H. extensus
whose petals are red and rose pink [27].
Even if all these species can potentially



produce fruits, only a certain number are
cultivated for this purpose and our study
was limited to those.

The five species determined by Britton
and Rose classification [25] can be more pre-
cisely described:

—  H. purpusii (Weing.) Britton & Rose (fig-
ure 2) has very large (25 cm) flowers with
margins; outer perianth segments are more
or less reddish; middle perianth segments
golden, and inner perianth segments white.
It presents scarlet, oblong fruit covered with
large scales (length: 10-15 cm; weight: 150—
400 g); red flesh with many small black
seeds; pleasant flesh texture, but not very
pronounced. H. purpusii is closely related
to H. ocamponis (S.D.) Britton & Rose, the
two being distinguished only by the acicular
and slender spines of H. ocamponis.

— H. polyrbizus (Web.) Britton & Rose has
very long (25-30 cm) flowers with margins;
outer reddish perianth segments, especially
at the tips; and rather short and yellowish
stigma lobes. Its scarlet fruit (Iength: 10-
12 cm; weight: 130-350 g) is oblong and
covered with scales that vary in size; it has
a red flesh with many small black seeds,
pleasant flesh texture and good taste.
H. venezuelensis Britton & Rose is closely
related to H. polyrhizus, the only difference
being whole (H. polyrbizus) or bifid stigma
lobes (H. venezuelensis).

— H. costaricensis (Web.) Britton & Rose
(figure 2) presents vigorous vines, perhaps
the stoutest of this genus. Stems are waxy-
white and flowers are nearly the same as H.
polyrbizus; its scarlet fruit (diameter: 10—
15 cm; weight: 250-600 g) is ovoid and cov-
ered with scales that vary in size; it has a red-
purple flesh with many small black seeds,
pleasant flesh texture and good taste. A few
varieties are known in Costa Rica: ‘Lisa’,
‘Cebra’ and ‘Rosa’ [28].

— H. undatus (Haw.) Britton & Rose (fig-
ure 3) has long and green stems, more or
less horny in the age margins. Flowers are
very long (up to 29 cm), outer perianth seg-
ments are green (or yellow-green) and inner
perianth segments pure white. Its rosy-red
fruit (length: 15-22 cm; weight: 300-800 g)
is oblong and covered with large and long
scales, red and green at the tips; it has a
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A. Stems bluish or whitish or greyish;
areoles spiniferous; margin foliaceous, scales red

— Margin of joints horny; spines short, conic; oblong fruit, red flesh

— Margin of joints not horny; spines few, conic
* Branches slender, oblong fruit, red flesh

* Branches stout, ovoid fruit, purple-red flesh

AA. Stems bright green; areoles spiniferous;
margin foliaceous, scales green
— Margin of joints horny; ribs of stem crenate;
oblong fruit, white flesh
— Margin of joints not horny;

oblong-obovoid fruit becoming nearly smooth, white flesh

white flesh with many small black seeds,
pleasant flesh texture and a good taste.

— H. trigonus (Haw.) Saff. (figures 4, 5)
presents slender, green with margins, not
horny stems. The areoles are located on the
top of the rib’s undulation. Spines, at first
greenish, soon turn dark brown. Its red fruit
(diameter: 7-9 cm; weight: 120-250 g) is
ovoid or oblong, becoming nearly smooth;

~ —
P4
-

(
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1. H. purpusii

2. H. polyrhizus

3. H. costaricensis

4. H. undatus

5. H. trigonus

Figure 1.

Key to species of the genus
Hylocereus according to
Britton and Rose classification
[25]: ovary and red, rose-pink
or scarlet fruit are covered with
large foliaceous scales, their
axils are neither spiny, hairy,
nor bristly; flowers are very
large, nocturnal; stems are
3-angled or 3-winged.

Figure 2.

Fruits of Hylocereus sp.

(A color version of this figure is
available at
www.edpsciences.org/fruits.)

Figure 3.

Fruit of Hylocereus undatus.
(A color version of this figure is
available at
www.edpsciences.org/fruits.)
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Figure 4.

Fruit of Hylocereus trigonus.
(A color version of this figure is
available at
www.edpsciences.org/fruits.)

Figure 5.

Plant of Hylocereus trigonus in
French West Indies.

(A color version of this figure is
available at
www.edpsciences.org/fruits.)
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the white flesh has many small black seeds
and pleasant flesh texture, but not a very
pronounced flavor.

2.2. Origin, distribution and ecology
of Hylocereus

Most Hylocereus species originate princi-
pally from Latin America (probably from
Mexico and Colombia), with others possibly
from the West Indies [25, 29]. Today they are
distributed all over the world (in tropical
and subtropical regions), but H. undatus is
the most cosmopolitan species.

In their original region, the fruits of
Hylocereus sp. are the main traditional fruit
and the most widely consumed local fruit [1,

Fruits, vol. 61 (4)

4, 5, 24]. These fruits are rarely cultivated on
a large scale outside Colombia, Costa Rica
and Nicaragua [30]. However, in Vietnam,
H. undatus has undergone extensive devel-
opment with nearly 2000 ha under cultiva-
tion [3]. Elsewhere, pitahayas are considered
a new fruit with a promising future and are
cultivated on quite a large scale in Australia
[6], Israel [7] and Reunion Island [8].

The robustness of Hylocereus species
enables them to prosper under different
ecological conditions. For example, in Mex-
ico, they are found in very rainy regions
[(340 to 3500) mm-year™] and at altitudes
of up to 2750 m above sea level [4]. They
can survive in very hot climates, with tem-
peratures of up to (38—40) °C [30]; neverthe-
less, in some species, temperatures below
12 °C can cause necrosis of the stems [31].
Even if Hylocereus species are semi-epi-
phytes and consequently normally prefer to
grow in the half-shade (conditions provided
in nature by trees), certain species can grow
perfectly well in the sun (H. undatus, H. cos-
taricensis and H. purpusii, for example).
However, very hot sun and insufficient
water may lead to burning of the stems. In
the Neveg Desert in Israel, the most favora-
ble conditions for growth and fruit produc-
tion were found to be 30% shade for
H. polyrbizus[16]. In the French West Indies
(Guadeloupe and Saint-Martin), cultivation
of H. trigonus is only possible with about
50% shade. Excess water systematically
results in the abscission of flowers and
young fruits [30, 32]. Hylocereus species can
adapt to different types of well-drained soil
(3, 30, 33].

2.3. Morphology and reproductive
biology of H. undatus and
H. costaricensis

Few studies have been published on the flo-
ral biology of H. undatus and H. costaricen-
sis, the two the most widely cultivated
Hylocereus species in the world. Some
researchers are interested in them, in some
cases to study the cultivation potential of
this new fruit [1, 9], and in other cases to
study the floral biology of this species that
is endemic to Costa Rica and Mexico [5, 11].



The flowers of these two species appear
under the areoles; they are large (more or
less 30 cm), in the shape of a funnel, and
nocturnal. The ovary is located at the base
of a long tube carrying the foliaceous scales
to the exterior. There are numerous stamens
on a slender anther stalk. The unusually
large, tubular style is 20 cm in length and
0.5 cmin diameter; the stigmas have 24 slen-
der lobes, creamy green in color [5, 34]. Flo-
ral growth does not depend on water avail-
ability, but on day length; in Vietnam, floral
induction is often triggered using artificial
light to increase day length. In Reunion
Island, it has been demonstrated that the
number of flowers obtained using artificial
light at night is proportional to the distance
between the receiving point and the light
source [35]. The floral buds can remain in
the latent stage for many weeks [5], and the
beginning of flowering generally occurs
after the rainy season [30].

In the southern hemisphere, H. undatus
and H. costaricensis flower from November
to April and, in the northern hemisphere,
from May to October [3, 9, 30]. Flowering
episodes are cyclic and spread out over the
whole period. The number of flowering epi-
sodes or flushes depends on the species:
seven to eight for H. costaricensis and five
to six for H. undatus. There is a period of
3 to 4 weeks between flowering flushes [12,
30], which makes it possible to see floral
buds, flowers, young fruits and mature fruits
on the same plant at the same time. The peri-
ods between the appearance of floral buds
(lifting of the areole) and flowering (stage
1), and between flower anthesis and fruit
harvest (stage 2) are very short: around 15
to 20 days for the first stage and 30 days for
the second stage.

In their native countries, pollination of
these two allogamous species is carried out
by bats at night [7, 36] or by a butterfly
belonging to the Sphingideae family, of the
genus Maduca [5]. There seems to be no
major problems connected with fruit yields
in the main producing countries in Latin
America and Asia [3, 6, 30, 371.

Dehiscence takes place a few hours
before the complete opening of the flower.
Pollen is very abundant, heavy and not pow-

Pitahaya (Hylocereus spp.)

dery. Flowers open at between 20:00 and
20:30; the stigma dominates the stamens
(the position of the stigma at this stage
encourages allogamy). Flowers bloom only
for a day and then close (whether fertilized
or not) in the morning of the day after anthe-
sis. The following day, petals become soft
and then slowly dry. The lower part of a
non-fertilized flower becomes yellowish
and the whole flower falls off 4 to 6 days
later, while the lower part of a fertilized
flower remains greenish and increases enor-
mously in volume, indicating that the fruit
has set.

In some countries (Israel, South Africa,
Madagascar, Reunion Island and French
West Indies), natural production of fruits
from clones introduced from H. undatus
and H. costaricensis is practically non-exist-
ent [31]. The auto-incompatibility [13] of the
clones of these species and the absence of
efficient pollinators — interspecific crossing
is possible [9] — appear to be responsible for
this lack of productivity. Honeybees are
very attracted by the pollen of these flowers
and the repeated visits of these insects can
contribute to pollination [1, 9]. However, the
quality of the fruits resulting from free pol-
lination is generally lower than that of those
obtained by manual cross-pollination [12].
The origin of the pollen can also influence
the time lapse between pollination and har-
vest of the fruit (known as the phenomena
of metaxenia, this was previously only
observed on H. polyrhizus) [38].

3. Cultivation techniques

Pitahaya has only been domesticated for a
short time and the first published references
to serious cultivation practices date back
only to around fifteen years [30, 37]. Little
agronomic knowledge has been acquired
from the traditional cultivation of these spe-
cies in tropical America [24], or this knowl-
edge has perhaps not been published. Tra-
ditional methods of cultivation have changed
considerably in new production areas, as
they have been adapted and improved to
overcome the problems encountered there

3,9, 12, 13].

Fruits, vol. 61 (4)
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Figure 6.

Plantation of Hylocereus spp.
with vertical support in
Reunion Island.

(A color version of this figure is
available at
www.edpsciences.org/fruits.)

Figure 7.

Plantation (9 months old) of
Hylocereus undatus with
incline support in French West
Indies.

(A color version of this figure is
available at
www.edpsciences.org/fruits.)

Figure 8.

Plantation (2 years old) of
Hylocereus costaricensis with
incline support in Reunion
Island.

(A color version of this figure is
available at
www.edpsciences.org/fruits.)
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3.1. Multiplication and planting
density

H. undatus and H. costaricensis can be mul-
tiplied naturally and very easily by cutting
off the stem as soon as it touches the ground
[24]. The sowing of seeds and the in vitro
multiplication of young shoots of mature
plants are also possible [39, 40]. However,
in agriculture, multiplication by cuttings is
preferable, as it allows reliable reproduction
of the variety. In addition, the fruiting stage
is reached more rapidly with cuttings, less

Fruits, vol. 61 (4)

than 1 year after planting, as opposed to
3 years for plants grown from seed. Finally,
the robustness of these species enables cut-
tings to be taken directly in the field; pro-
vided cuttings are at least (50 to 70) cm in
length [3] and are regularly watered in order
to ensure satisfactory rooting. Given these
conditions and the plant’s characteristics,
around 90% of the cuttings will take [39]. The
distance between plants depends on the
type of support used. With a vertical support
(figure 6), a 2-3 m distance between plant-
ing lines is required [between (2000 and
3750) cuttings-ha™], at a rate of three cut-
tings per support [3, 30].

With horizontal or inclined supports (fig-
ures 7, 8, the density can be much higher
since the cuttings are planted every 50-75 cm
around the production table (6500 cut-
tings:ha™) or along the inclined support
(6500 cuttings-ha™") [39]. The height of these
different types of support should be
between (1.40 and 1.60) m for vertical sup-
ports and between (1 and 1.20) m for hori-
zontal and inclined supports to facilitate
management of the crop.

3.2. Cultivation practices

Pitahaya are semi-epiphytic plants, which
crawl, climb and attach naturally to any nat-
ural or artificial support they meet (trees,
wood or cement posts, stone walls, etc.) [34,
41] thanks to their aerial roots. Growing
them flat on the ground is not recom-
mended, firstly because it makes cultivation
more difficult (pollination, harvest, etc.),
secondly because contact with the ground
causes damage to the vines [39]. Pitahaya are
thus best grown on living or dead supports
[30, 42]. Many different types of support are
used, but we focus on vertical supports
made of wood or cement and iron posts [3,
30, 43], and on horizontal and inclined sup-
ports.

Plant growth is rapid and continuous,
though possibly with a vegetative rest
period when the climatic conditions are
unfavorable (drought and very low temper-
atures). When vertical and horizontal sup-
ports are used, pruning is important and the
stems should be selected in such a way as
to force the plant to climb over the entire



support. All lateral growth and parts of the
plant facing the ground should be removed,
while the main stems and branch stems are
kept, except those that touch the ground.
Major pruning is carried out the first year
after planting. Whatever the support used,
the stem must be attached to it with a clip.

The aim of maintenance pruning is to
limit bunch growth and this should be car-
ried out as early as the second year after
planting. In practice, the extent of pruning
depends on the type of support and its
strength. For example, a 3-year-old plant
weighs around 70 kg [39]. Even if this weight
is not in itself a problem for the different
types of support, bunches may not be able
to withstand violent winds. Pruning consists
of removing all the damaged stems from the
plant in addition to those that are entangled
with one another. The post-harvest pruning
encourages the growth of new young shoots
that will bear flowers the following year.

3.3. Mineral nutrition and irrigation

Yields vary as a function of the nutritive ele-
ments supplied. The pitahaya’s root system
is superficial and can rapidly assimilate even
the smallest quantity of nutrients. Mineral
and organic nutrition is particularly advan-
tageous and, when they are combined, their
effect is even more beneficial [39, 44, 45].
Even if pitahaya can survive with very low
rainfall [43] — many months of drought —,
when good quality fruits are required, a reg-
ular water supply is needed. Regular irriga-
tion is important, because it enables the
plant to build sufficient reserves not only to
flower at the most favorable time, but also
to ensure the development of the fruits.
Local micro-irrigation is recommended. In
addition to the efficiency of the water sup-
plied by this system, micro-irrigation avoids
uneven and excess watering that can result
in the flowers and the young fruits falling

off [30].

3.4. Pollination

The lack of genetic diversity and/or the
absence of pollinating agents in certain pro-
duction areas mean that manual cross-pol-

Pitahaya (Hylocereus spp.)

lination is needed to ensure fruit set and
development [9, 11, 12]. Manual pollination
(figure 9) is simple and this operation is
facilitated by the floral characteristics of
Hylocereus, as the different floral parts are
huge. Finally, manual pollination may be
carried out from before anthesis of the
flower (from 4:30 p.M.) until 11:00 A.M. the
next day. These manual pollinations are
worth undertaking and the fruits obtained
are of excellent quality [12]. Pollination is
accomplished by opening the flower by
pinching the bulging part. This reveals the
stigmata, which are then covered with pol-
len with a brush. Alternatively, the anthers
can be directly deposited (with minimal
pressure) on the stigmata with the fingers.
The pollen can be removed from a flower
of a different clone (or from another spe-
cies) and stored in a box until needed. The
pollen removed from two flowers will be
enough for around 100 pollinations with a
brush. It can be stored for from (3 to
9) months at-18 °Cto— 196 °C without risk.
Fruits obtained after pollination using pol-
len stored at 4 °C for (3 to 9) months are very
small [46].

3.5. Harvesting

The fruit skin colors very late in the matu-
ration stage, changing from green to red or
rosy-pink (25 or 27) days (depending on the
species) after anthesis [47]. Four or five days
later, the fruits reach their maximal colora-
tion. After this stage, the fruits of H. costari-
censis burst without spoiling. The first har-
vest begins from the 18th month after the
cuttings were planted; the time period
between flowering and harvest is short and

Fruits, vol. 61 (4)

Figure 9.

Manual pollination of
Hylocereus sp.

(A color version of this figure is
available at
ww.edpsciences.org/fruits.)
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varies only slightly, from (27 to 33) days
depending on the ecology [12, 30]. The yield
depends on planting density and is around
(10 to 30) tha™! [1, 30, 39]. The absence of
a peduncle makes picking difficult. The
present harvesting technique of simply
twisting the fruit very often injures the skin,
and secateurs should consequently be used.
The fruits are not very fragile, but to ensure
a good quality product certain precautions
should be taken; for example, careful han-
dling during processing and storage, espe-
cially for H. costaricensis whose foliated
scales are birittle.

4. Pests and diseases

Few pests have been recorded on Hylocer-
eus. Ants belonging to the genera Atta [30]
and Solenopsis [3, 39] can cause major dam-
age to the plants as well as to the flowers
and fruits. Cotinus mutabilis perforates the
stem and Leptoglossus zonatus sucks the
sap, leaving stains and some deformation
[30]. Different species of aphids and scales
have also been observed on fruits and flow-
ers. Rats and birds can cause serious dam-
age, mainly to flowers [39] and fruits [3], but
also to ripe fruits. The activity of bees (Apis
mellifera) can make manual pollination dif-
ficult, but it must nevertheless be accom-
plished [12]. In fact, bees can be extremely
efficient and, after only a few hours of activ-
ity, they will have harvested all the pollen.
The pollen must thus be collected before the
bees arrive and manual pollination carried
out the next morning as soon as the bees
have left the plantation. Different fungal
(Gloeosporium agaves, Macssonina agaves,
Dothiorella sp. and Botryosphaeria dothidea),
viral (Cactus virus X), and bacterial (Xan-
thomonas sp. and Erwinia sp.) diseases are
also reported in the literature and can have
major consequences [3, 30, 34, 48-50.

5. Physico-chemical
composition of fruits

The edible part of the fruit consists of the
mesocarp, which has a mucilaginous texture
with thousands of small soft seeds distrib-
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uted homogeneously throughout the flesh.
Fruit pulp represents from (60 to 80)% of
mature fruit weight in most Hylocereus spe-
cies [28, 47]. Juice yield without seeds is
much lower, representing only 55% in some
pitahaya cultivars.

The mesocarp contains 82-88% water
with a typical total soluble solids content
between (7 and 11) g'L7! in mature fruit [28,
47, 511.

According to some authors, Hylocereus
species with white flesh have higher soluble
solids contents than those with red flesh
fruits [52], and the distribution of soluble sol-
ids in the fruit flesh is not homogeneous, the
core part being richer in sugars than the
peripheral part. The soluble solids consist
mainly of reducing sugars, and more specif-
ically glucose and fructose, with contents
ranging from (30 to 55) gL' and (4 to
20) gL, respectively, depending on vari-
ety and cultivar (table ). Various authors,
using HPLC methods for the determination
of sugars, have not detected the presence of
sucrose [28, 51], but, using enzymatic meth-
ods, other authors found that sucrose accounts
for (2.8 to 7.5)% of total sugars [52].

Acidity of the flesh is generally low,
between (2.4 and 3.4) g'L™!, which results
in a high sugar-to-acid ratio, giving a poor
sensory quality when juice is consumed
alone. Traditionally, sensory quality is con-
siderably improved by blending pure pita-
haya juice with a more acid fruit juice;
lemon, for example. The main organic acids
present in pitahaya juice are citric acid and
L-lactic acid [51].

Protein content varies considerably
depending on the authors [from (0.3 to
1.5)%]; these differences may be due to the
methodologies applied, or because of pos-
sible interference from betalain, the nitro-
gen-containing pigment responsible for the
red color. The main amino acid present in
pitahaya juice appears to be proline with a
remarkably high content of (1.1 to 1.6) gL™!
of juice [51, 53]. Mineral content is relatively
high with potassium, the most prevalent ion,
followed by magnesium and calcium (table D.

Hylocereus species appear to be surpris-
ingly poor in vitamin C with less than
11 mg'L™!, while other cactus species, for
example, prickly pear, have a much higher
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Table I.
Main physico-chemical characteristics of Hylocereus sp. according to the literature ([28]: Vaillant et al., 2005; [39]:
Le Bellec, 2003; [51]: Stintzing et al., 2003).

Publication pH-value Dry matter Total Total Protein content  Lipid Glucose Fructose  Potassium
(%) titratable acids soluble solids L1
(g.L-1) (°Brix) (o'L7)
[28]* 4.3-4.7 12 +1 2.4-2.5 7.1-10.7 - - 30-54 4-71 -
[39] - - - 3.05** /5.7 1.2*/1.25% 1.47*/ - - -
1.43*

[51] 4.4-4.6 - 3.3-3.4 - 0.3-0.4 - 46* /55 18"/ 19* 3.2/ 4*

Publication Sodium Magnesium Calcium L-ascorbic acid Energy
(kcal-100 g~")

(mg-L™)

[28]** - - - 11+£0.5 Not determined

[39] - - - - 37.9%/41.7

[51] 33"/ 733** 265* /312 23*/ 30* Not determined -

* H. undatus and ** H. costaricensis.

vitamin C content comparable with that of
citrus. Other vitamins may be present, but
they have not been reported.

Other micronutrients appear to be present
in greater quantities in pitahaya, especially
in the species with red-purple flesh. The red
color is due to the presence of betalains, pig-
ments that replace anthocyanins in fruit-
bearing plants belonging to most Caryo-
phyllales families [51, 54l. Betalains are
water-soluble pigments that comprise red-
purple betacyanin and yellow betaxanthins,
and they are an immonium conjugate of beta-
lamic acid with cyclo-dopa and amino acids
or amines, respectively [54]. In contrast to
red beet and other cactus fruits, red-purple
pitahaya (Hylocereus polyrbizus) is a pure
source of betacyanin, as betaxanthins are
totally absent [55], which explains the deep
glowing red-purple color of the flesh. At least
ten betacyanin compounds have been iden-
tified in pitahaya H. polyrbizus, but all pig-
ments display the same red color with an
absorbance peak around 536 nm [55]. Beta-
lains are of commercial interest not only for
food coloring, but also for their anti-oxidant
properties for protection against certain oxi-
dative stress-related disorders [51, 54]. Pita-
haya juice has a high antiradical activity
(around 10 pmol Trolox equivalent assessed

by the ORAC method with fluorescein, a value
very similar to beetroot [28]). Pitahaya may
also contain other phenolic compounds [(6
to 7.5) pmol equivalent of galic acid-g™!] but
characterization has not been reported yet.

Polysaccharides present in the pitahaya
mesocarp have not been characterized yet.
They are responsible for the mucilaginous
texture and the viscosity of the juice. Recent
findings (not published) show that polysac-
charides may represent around 1% of the
weight of the mesocarp without seeds, and
that they are mainly hemicelluloses and, in
much lower proportion, cellulose and pec-
tin. Characterization of the hemicelluloses
and neutral sugars present in the pitahaya
mesocarp has not been published yet.

6. Post-harvest

Pitahaya fruit can be harvested between (25
and 30) days after anthesis, depending on
the variety, when the peel turns fully red [47,
506]. Once this stage is reached, fruits can be
stored for 3—4 days at ambient temperature
[30], and 1-2 weeks at 20 °C or 14 °C, respec-
tively [47]. Pitahaya is not a climacteric fruit
and no production peak of ethylene or of CO2
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has been observed; its physico-chemical
characteristics and sensory properties start
to decline slightly after harvesting [47]. Fruits
harvested 1-2 days before full coloration of
the skin can be preserved for up to 1 month
at 10 °C without any observed decrease in
global quality [39]. Harvesting pitahaya fruits
at 5-8 days after full coloration slightly
reduces their storage life, although the fruit
sensorial properties are said to be improved,
giving a sweeter taste and a blackberry flavor
in the case of red pitahaya (H. costaricen-
sis). Studies on the physiology of respiration
and biochemistry of pitahaya fruit during
storage have not yet been published.

7. Processing

Processing pitahaya fruit into juice is a dif-
ficult task on an industrial scale as no spe-
cialized equipment for extracting such a
juice is currently available. Presently, juice
extraction is done manually by halving the
fruit and extracting the pulp with a spoon.
The pulp behaves as a non-Newtonian fluid
with high apparent viscosity and it is sus-
pected of having a strong shear thinning
behavior like other mucilaginous material
from cactus fruits [57]. This makes it very dif-
ficult to remove the thousands of small soft
seeds (diameter < 1 mm) by simple sieving,
and juice without seeds can only be obtained
by drastically reducing juice yield. Conse-
quently, the juice is usually frozen with the
seeds and sold to buyers in this way. None-
theless, the presence of seeds is a major con-
straint to the development of a pitahaya
juice industry, mainly because it is currently
impossible to offer a competitive juice con-
centrate. Several commercial enzyme prep-
arations, containing mainly pectolytic and
cellulolytic activity, have already been
tested by industry, but viscosity reduction
was surprisingly low and the use of enzymes
has more or less been abandoned, proving
that pectin and cellulose may not be the
main factors responsible for the rheological
behavior of the juice. The characterization
of cell-wall polysaccharides and of the muci-
lage of pitahaya is a precondition for the
development of more suitable enzymatic
preparations, but it has not yet been pub-
lished.
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Once the juice is obtained, it will with-
stand brief thermal treatments. The color
stability of betalains from pitahaya is highest
at pH 5 [58], precisely the pH of the juice.
Nonetheless, color stability is very similar to
that of beetroot and it is consequently com-
patible with uses in most foodstuffs at more
acidic pH [28]. A recent investigation
showed that pigments from purple pitahaya
display higher stability than-earlier investi-
gations on betalains suggested [59]. During
a typical pasteurization treatment, color
losses were less than 10% [28] and they can
be slightly improved if pitahaya juice is
deaerated previously. Nonetheless, during
severe thermal treatment, losses are likely to
be much greater, which explains why prod-
ucts such as jams, jellies and other sweet
products are not normally produced, but
ice-creams [60] and other dairy products are
widely marketed. To avoid high color
losses, single red pitahaya juice is generally
supplied to the international market without
being pasteurized and frozen. It then under-
goes only one pasteurization process during
the production of final products.

The peel could also be used for the recov-
ery of colored pigments, as betacyanins are
present in considerable amounts [61]. Nev-
ertheless, extraction may be complex and
not competitive with respect to other beta-
lain sources unless the recovery of a thick-
ening agent of commercial interest could be
done simultaneously. No work on this issue
has been reported yet and more research is
needed to characterize pitahaya mucilage in
the same way as has been done for Opuntia
spp., which appeared recently to be of high
commercial interest [57].

Pitahaya products may therefore com-
bine coloring and thickening properties
with functional properties, such as anti-oxi-
dant capacity and dietary fiber. Neverthe-
less, food products derived from pitahaya
are still seldom seen on the market and more
research must be done to improve commer-
cial opportunities.

8. European market

Pitahaya are widely consumed in Asia, but
they were unknown in the European Union



until the mid-1990s. The fruit is still a niche
product, but imports have increased consid-
erably in the last two years and pitahaya
now has its place in the displays of retailers
devoted to rare exotic fruits. The range of
supplier countries is growing rapidly. Israel,
with a major cost price advantage thanks to
sea transport, competes with Asian suppli-
ers during the second half of the year.

The fruit attracts two different market seg-
ments:

— Asian customers purchase it quite regu-
larly, with a peak at the Chinese New Year.
On this occasion, it is not usually bought for
its taste, but for its fine appearance as it is
displayed as an offering to ancestors. The
greatest demand is for large fruits. Some
importers supply 10-kg boxes for Asian
supermarkets in addition to boxes weighing
(2 to 4) kg.

— European customer demand — especially
supermarkets — is very irregular, with a peak
mainly at Christmas, when exotic fruits are
promoted. Small fruits in boxes weighing (2
to 4) kg are the most commonly purchased.

There is no specific customs code for the
fruit, listed in the 'passion fruit, carambola
and pitahaya' group (code 08109040). How-
ever, imports can be estimated since the
countries operating on the international
pitahaya market export little or no caram-
bola or passion fruit. The quantities shipped
to the EU in 2004 were marginal at about
800 t. In comparison, papaya imports totaled
34 000 t and pineapple imports reached
nearly 390 000 t in the same year.

Nevertheless, the market is considerably
increasing and has been particularly rapid
in the last two years (quantities doubled
between 2002 and 2004). Vietnam, the first
country to ship the fruit to the EU, is not the
only supplier country responsible for this
increase and imports from Vietnam stag-
nated in 2004. Thailand which, like Vietnam,
produces all year round, has emerged since
2003. Its market share increased from less
than 10% in 2001 to 17% in 2004. Thailand
has an advantage over Vietnam in the cost
of airfreight, a key factor in competitiveness.
Exporters can benefit from reductions for
quantity by grouping pitahaya with other
exotic fruits exported to Europe such as
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rambutan and mangosteen. Furthermore,
Thai airlines accept payment in local cur-
rency and not dollars, which is the case in
Vietnam. Finally, the Thai government sub-
sidizes transport, again in contrast to Vietnam.

However, in 2004, a Mediterranean coun-
try was the leading supplier of this typically
Asian fruit. In spite of having a shorter grow-
ing season than its competitors, Israel has
succeeded thanks to a major competitive
feature, once again connected with logistics.
Unlike the fruit from Asian countries, most
goods are shipped by sea from Israel. Ashod
is not very far from Marseilles and the Israe-
lis are recognized for the quality of their sea
transport (new vessels built specifically for
carrying fresh produce). Israeli operators
can thus sell at more competitive prices than
operators in other supplier countries and,
for a period of only 3.5 months, they sell
comparatively large volumes that often vary
considerably from one week to the next.
The average price has fallen considerably
since 2003, especially in Germany, the lead-
ing EU market. During the period when
quantities reach their highest point (gener-
ally in September/October), prices fall to
levels that do not cover the transport cost
of pitahaya from Asia (especially from Viet-
nam). The market structure changes radi-
cally at this time of year, and certain supplier
countries are elbowed out. The quantities
sold for marketing in France are more lim-
ited and this market has been less affected
by these changes so far.

Importers' opinions differ with regard to
the growth potential of the pitahaya market.
The cost of airfreight has a negative influ-
ence on retail prices for most of the year and
is clearly a limiting factor, but the example
of Israel and the German market shows that
there is substantial margin for growth.
Thanks to more affordable prices for con-
sumers, in 3.5 months (and without the sup-
port of a promotion period) Israel sells 70%
of the quantities marketed by Asian suppli-
ers in a whole year. The Israeli sector should
continue to develop and increase supplies
to markets in southern Europe. Market
development will still be governed by the
cost of airfreight for Asian suppliers, espe-
cially during the very competitive period in
September and October.
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9. Conclusion

Our bibliographical study gives an initial
evaluation of the advantages and disadvan-
tages of growing pitahaya.

Commercially, pitahayas appear to have
numerous selling points; the fruits are attrac-
tive in shape and color, and they have very
good internal properties of high interest for
the food industry. The red flesh species are
additionally rich in betalains, meeting the
increasing trade interest for antioxidant
products and natural food colorant. Pita-
haya fruits are not very fragile and are easy
to keep fresh. All these qualities allow dif-
ferent possible uses to be envisaged: as
fresh fruit or processed.

As far as agronomy is concerned, these
species are generally hardy, easy to multiply
and cultivate. In general, they produce fruits
quickly and few diseases and pests are
encountered at the present time. The fact
these species grow like lianas means sup-
ports are necessary and sometimes shade,
depending on the ecology. In addition to the
high cost of the support, labor is also needed
if manual pollination is performed to ensure
high-quality products.

Finally, our review of the literature also
highlights the fact that the interest shown in
these species is recent and, for this reason,
more detailed knowledge of these plants is
required. The agronomy, genetics and the
technological qualities of this group of spe-
cies that are still relatively unknown in most
parts of the world merit further research.
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Pitahayas (Hylocereus spp.): frutas nuevas y un mercado con perspectivas
de desarrollo.

Resumen — Introduccion. Pricticamente desconocido a mediados de la década de 1990,
las pitahayas (Hylocereus spp.) hacen ya parte del mercado Europeo y se pueden observar en
los anaqueles dedicados a frutas exdticas. Sin embargo, las diferentes especies son poco
conocidas. Los objetivos de nuestro trabajo consideran el estudio exhaustivo de la bibliografia
disponible con complementos que incluyen trabajos agronémicos no publicados. Conoci-
miento de Hylocereus. El estudio hace una presentacion del origen, la botdnica, la morfolo-
gia y la biologia floral de las principales especies cultivadas del genero Hylocereus y propone
una clave para su determinacion. Técnicas culturales. Las diferentes labores culturales
conocidas son presentadas: técnicas de multiplicacién, conduccion agrondmica (tutores,
poda, fertilizacion, riego, etc.), polinizacion, cosecha, etc. Las principales enfermedades y pla-
gas son citadas. Composicion fisico-quimica del fruto. Este trabajo presenta una sintesis
de los diferentes estudios realizados sobre la pitahaya: composicion fisico-quimica, micro-
nutrientes y colorante. Pos-cosecha y transformacion. La vida de fruto post-cosecha (con-
servacion, almacenamiento, etc.) son presentados asi como las diferentes posibilidades de
procesamiento. Mercado Europeo. Se analiz6 el mercado europeo para las diferentes espe-
cies de hylocereus cultivadas (volimenes importados, procedencia, etc.) asi como las pers-
pectivas de evolucion. Conclusion. Nuestra sintesis bibliografia muestra que el interés hacia
las pitahayas es reciente y, por esta razon, es necesario profundizar ain mas los conocimien-
tos sobre estas especies (agronomia, genética, tecnologia).
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