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CHEMICAL CoMPOSITION AND CURRENT DISTRIBUTION OF
“AZAFRAN DE BoLITA” (DITAXIS HETERANTHA ZUCC;
EuPHORBIACEAE): A FooD PIGMENT PRODUCING PLANT?

MA. DoLorRes MENDEZ-RoBLES, CLAUDIA FLORES-CHAVIRA, MA. EUGENIA
JARAMILLO-FLORES, IGNACIO OROZCO-AVILA, AND EUGENIA LUGO-CERVANTES

Meéndez-Raobles, Ma. Dolores, Claudia Flores-Chavira, I gnacio Orozco-Avila, Eugenia Lugo-
Cervantes (Centro de Investigacion y Asistencia en Tecnologia y Disefio del Estado de Jalisco,
Av. Normalistas 800, Colinas de la Normal, 44270 Guadalajara Jalisco, México; e-mail
elugo@ciatej.net.mx), and Ma. Eugenia Jaramillo-Flores (Departamento de Alimentos, Escuela
Nacional de Ciencias Biologicas del IPN, Carpio y Plan de Ayala, 06470 México D.F.). CHEMICAL
CoMPOSITION AND CURRENT DISTRIBUTION OF ‘‘ AZAFRAN DE BOLITA” (DITAXIS HETERANTHA ZUCC;
EUPHORBIACEAE): A Foob PIGMENT ProDUCING PLANT. Economic Botany 58(4):530-535, 2004.
Ditaxis heterantha Zucc. (azafran de bolita), a plant of the Euphorbiaceae family, grows wild in
the semiarid regions of Mexico. Its seeds are used by the inhabitants of the regions where it
grows to give color and to enhance the flavor of food. It has been recently cultivated locally,
however, the plant has not been cultivated extensively, and it is considered that this crop could
have an economic potential. The purpose of this work is to validate the reported geographical
distribution of the plant and its chemical composition. The endosperm of the seeds has an intense
yellow color, indicating the presence of pigments of the carotenoid family. The pigment was
extracted using hexane, and seven fractions were obtained by HPLC. The spectra of the fractions
produce three maxima, A, characteristic of carotenoids. Chemical composition of the seed
showed average oil content of 39.4% and 18.8% of protein. The oil and protein content are
similar to that of cottonseed and sunflower seed, respectively. Its composition allows the seed to
be used as a source of natural pigment, vegetable oil, and protein. The seed has a competitive
price and a promising profit margin in local markets, and its cultivation requires little care,
growing especially well under limited water conditions.

ComPosICION QUIMICA Y DISTRIBUCION ACTUAL DEL AZAFRAN DE BOLITA (DITAXIS HETERANTHA:
EUPHORBIACEAE): UNA PLANTA PRODUCTORA DE COLORANTES USADOS EN ALIMENTOS. Ditaxis
heterantha Zucc. (azafran de bolita) es una planta que pertenece a la familia de las Euphor-
biaceas, se encuentra en las regiones semiaridas de México en forma silvestre. Sus semillas
son utilizadas por los habitantes de las regiones donde crece, para dar color y sabor en la
preparacion de sus alimentos. Recientemente se ha iniciado su cultivo en forma local, sin
embargo, la planta no ha sido cultivada extensivamente pero puede ser un cultivo econdmi-
camente potencial. El objetivo de este trabajo es validar la distribucion geografica de la planta
y determinar su composicion quimica. El endospermo de las semillas es de color amarillo
intenso indicando la presencia de pigmentos de la familia de los carotenoides. La extraccion
del pigmento se llevd a cabo con hexano, y se lograron identificar 7 fracciones por HPLC. El
espectro de estas fracciones presentd un espectro con 3 absorbancias maximas, lo cual es
caracteristico de los carotenoides. Los analisis de la composicion quimica de la semilla, mos-
traron que el contenido de grasa en promedio es del 39.4%, mientras que de proteina es del
18.8%. El contenido de grasa y proteina es semegjante a las semillas de algodon y girasol
respectivamente. Su composicion puede permitir la utilizacion de la semilla como fuente pig-
mentos naturales, aceite vegetal y proteina. La semilla alcanza precios competitivos en los
mercados locales y tienen una promisoria rentabilidad economica debido a que su cultivo
requiere pocos cuidados especificamente baja demanda de agua.

Key Words: Euphorbiaceae; azafran de bolita; carotenoids; Ditaxis heterantha; Argithamnia
heterantha.
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A great diversity of plants, mainly of the Cac-
taceae and some Euphorbiaceae (Rzedowsky
1983), are found in the semiarid regions of Mex-
ico. The Euphorbiaceae is a large family that
includes 310-320 genera and 7500 species
(Walters and Keil 1996). Two centers of distri-
bution for the family are tropical America and
tropical Africa Members of the family have ex-
tremely variable life spans and habits, being
found as annual and perennial herbs, vines, suc-
culents, shrubs, and tall trees. Members of the
Euphorbiaceae are found in many habitats, from
deserts to rain forests. The family is absent from
regions with severe cold winters (Walters and
Keil 1996). Ditaxinae, a sub-tribe including the
genus Ditaxis, is native to the New World; it
grows from sea level to an atitude of about
2450 meters, and essentially between latitudes
40° N and 40° S. The genus Ditaxis is closely
related to the genus Argythamnia. Some authors
have therefore divided the genus Argythamnia
into three sub-genera: Argythamnia, Ditaxis, and
Chriropetalum (Ingram 1980). However accord-
ing to Webster (1994), evidence, including pol-
len morphology, indicates that they are three dif-
ferent genera. In fact, Radcliffe-Smith (2001)
separates the genus Ditaxis from Argythamnia
even though he mentions that these genera are
closely related; they can be differentiated by an
androcium with 8-10 stamens placed in two
whorls and their pollen is bilaterally symmetri-
cal.

Ditaxis heterantha Zucc. was first gathered at
Toliman, Querétaro, by Karwinski von Karwin
in 1827 (McVaugh 1980), and classified by Jo-
seph Zuccarini, a botanist, who published its
name, Ditaxis heterantha, and its description in
the Abhandlungen der Matematisch—Physikal-
ischen Classe der Koniglichen Bayerishen Aka-
demie der Wissenschaften (1:290) in Munich.
Nevertheless Muller described and classified the
plant in 1866, calling it Argythamnia heterantha
Mull. Arg (Muller 1866). Currently, it is found
under both names in herbaria.

Ditaxis heterantha is endemic to Mexico. It is
found in semiarid regions in coarse sandy soils.
Its distribution is limited, hence it is not widely
used. It is a bush with heights ranging from 2.5
to 3 meters (Vazquez 2000). Its stems are lig-
neous, leaves are aternate, petiolate, laceolate,
acuminated, from 4 to 8 cm long. The abaxial
surface is puberulent and whitish, mainly on the
young leaves. The inflorescences are extensively

MENDEZ-ROBLES ET AL.: AZAFRAN DE BOLITA

531

pedicelated, with small pale yellow unisexual
flowers. The fruit is a green glabrous trilocular
capsule and the seeds are black or dark brown.
Locally, it is known as ‘‘azafran,” ‘‘azafrancil-
lo,” or “azafran de bolita’ (Martinez 1937;
Martinez 1959; Nowicke et a. 1999; Standley
1924).

Azafran is distributed in central and western
Mexico in the states of Sinaloa, Querétaro, Hi-
dalgo, San Luis Potosi, Guangjuato, Jalisco, and
Guerrero (Martinez 1959; Standley 1924; Her-
bario Nacional de México (MEXU), Herbarium
of the Instituto Ecologico del Bgjio (IEB), Her-
barium of the Escuela Naciona de Ciencias
Biologicas of the IPN (ENCB), Herbarium of
the Instituto de Botanica of the Universidad de
Guadagara (IBUG)). In Mexico it grows at an
atitude ranging from 1600 to 2200 m above sea
level and between 16° and 23° North latitude and
99° and 136° West longitude, usually in semiarid
regions.

Seed of Ditaxisis consumed locally in the re-
gions where it grows. Inhabitants gather it yearly
and keep the seed, using it as yellow coloring
for their food, such as rice, chicken, or fish.
Each plant produces from two to three kg of
seeds per year. Its price reaches up to US $35/
kg. Currently, it is used in the villages of the
semiarid regions of the states of Jalisco, Hidal-
go, and Querétaro, and it is only traded at local
markets. However in other states, such as Mi-
choacan, its use has been forgotten by all but the
elderly population.

The purpose of this research is to determine
the chemical composition of the ‘‘azafran de
bolita”’ seed, identify the type of pigment it pro-
duces, and verify its current distribution.

MATERIAL AND METHODS
PLANT MATERIAL

The samples analyzed of Ditaxis heterantha
were collected in the municipalities of Huicha-
pan (Hidalgo State), Totatiche, and Cuquio, and
at a market in Guadalgjara City (Jalisco State).

Chemical Composition

The seeds were ground in a Thomas Wiley
3383-L 10 mill with a number 20 mesh. The pro-
tein, fat, fiber, and ash content were determined
using the techniques reported by the Association
of Official Analytical Chemists (AOAC 1997).
The analyses were performed in triplicate.
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Reported distribution of Ditaxis heterantha
Standley (1924) and Martinez (1937)

Additional states where Ditaxis heterantha
has been found (this work)
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Fig. 1. Distribution of Ditaxis heterantha in México.

Pigment Extraction and Identification

Two samples, 50 g each, of endosperm seed
were ground. Hexane (200 mL) was added and
maintained in agitation for 30 minutes during a
first extraction. The suspension was filtered, re-
covering the solvent, while the solids were fur-
ther extracted under the same conditions. The
same operation was repeated three times mixing
the recovered solvent and discharging the ex-
hausted solids. The recovered solvent was evap-
orated, resulting in orange-colored oil. This sam-
ple was analyzed using a Beckman-126 HPLC,
with a System Gold diode detector. A Supelco
13229-03, Phenomedex Prodigy 5 p ODS (2)
250 X 4.60 mm column was used. The mobile
phase was methanol:water (9:1) at a flow speed
of 1 mL/min.

Herbaria Consulted

The following herbaria were initially consult-
ed: Herbario Nacional de México (MEXU); the
Instituto de Ecologia del Bajio (IEB); the Es-
cuela Nacional de Ciencias Biolbgicas of the
IPN (ENCB); and the Instituto de Botanica of
the University of Guadalgjara (IBUG) to deter-

mine where the plant was located. At the same
time, local markets were asked the origin of their
merchandise. These results confirmed the need
to visit some municipalities of the states of Jal-
isco, Michoacan, and Hidalgo to verify that the
plant was still grown and used there.

REsuLTS AND DiscussiON
DISTRIBUTION OF THE PLANT

The most important herbaria of Mexico were
consulted to determine the current distribution of
the plant (Fig. 1). In addition, the origin of the
“azafran” was also questioned at regional mar-
kets where it is sold. It was found that only Jal-
isco had started to cultivate it. In the northern
part of the state, the plant is normally found in
back yards, where it grows without being
groomed. However, wherever the plant grows,
the nearby villagers gathered it for their own
consumption. Municipalities in the states of Hi-
dalgo, Querétaro, Michoacan, and Zacatecas
were visited. The presence of plants was verified
in the states of Hidalgo and Querétaro, however,
fruits could not be collected since it was not
cropping season. It is consumed by the Otomi
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TABLE 1. CHEMICAL COMPOSITION OF D. HETERANTHA FROM DIFFERENT PLACES.

D. heterantha D. heterantha D. heterantha D. heterantha

(Huichapan (Totatiche, Jalisco (Cuquio, Jalisco (Moyahua, D. heterantha

Hidalgo State) State) State) Zacatecas State) (Market)
QOil, % 384 423 36.9 35.1 39.0
Protein, % 23.7 15.3 21.4 20.22 19.7
Crude fiber, % 26.7 21.0 227 26.80 21.2
Moisture, % 6 3.6 4.0 4.35 35
Ash, % 2.6 2.6 25 2.32 24

Indians in the states of Hidalgo and Querétaro.
In several villages of the states of Michoacan
and Zacatecas, this plant is only known by the
elderly, significantly decreasing its consumption.
No fruit samples could be gathered in these
states.

COMPOSITION OF THE SEED

The **azafran de bolita’ seed has a hard dark
husk covering the yellow endosperm. Chemical
composition of the seed indicated that the pro-
tein content varied from 15.3% to 23.7%, and
the oil content from 36.9% to 42.3%, depending
on the source of the samples (Table 1). The var-
iations are probably due to environmental fac-
tors, such as soil type, climatic conditions, and
cultivation conditions (e.g., irrigation, if any).
The average oil content is similar to that of cot-
tonseed (35%). Nevertheless, it surpasses the oil
percentages reported for species commercially
cultivated for producing edible vegetable oils,
such as corn and soybean (Table 2). The protein
content of Ditaxis seed is low compared to soy-
bean, but similar to that of sunflower (23%)
(Abraham and Hron 1992).

The high content of protein in the *‘azafran”
seed also offers another possibility: once the
pigment and oil have been extracted, the pulp
residue may be used as animal feed, such aswith
soybean. The *‘azafran de bolita’ offers a stor-

age advantage since its low moisture content
prevents microbiological attacks. In comparison
to other edible seeds of the same Euphorbiaceae
family, the oil content of Ditaxis heterantha is
higher than Colliguaya integerrima (35%), but
similar to Pluketia volubilis (35%—60%) and
Caryodendron orinocense (34%—41%) (Jiménez
and Bernal 1992). These plants do not compete
with Ditaxis heterantha since Caryodendron or-
inocense and Colliguaya integerrima are native
to South America, and Pluketia volubilis grows
in South America and Africa and neither one
grows in Mexico, or at least it has never been
reported.

A final consideration is the possibility of toxic
effects of Ditaxis heterantha. The Euphorbi-
aceae is afamily that includes some species with
toxic characteristics. We assume that Ditaxis
does not present any toxicity problems since it
has been used for years. This is an aspect that
requires further studies.

IDENTIFICATION OF THE PIGMENT

In order to determine the chemical group to
which the pigment of Ditaxis heterantha seed
belongs, as well as the number of its com-
pounds, the extract obtained by hexane was frac-
tioned by HPLC identifying seven compounds.
Two predominant compounds were observed at

TABLE 2. CHEMICAL COMPOSITION OF D. HETERANTHA COMPARED TO VARIOUS OILSEEDS.A

Corn2 Cottonseed?> Soybean? Sunflower2 D. heterantha
Qil, % 3.6 36.0 20.0 47.0 38.9 £ 272
Protein, % 8.0 33.0 36.0 23.0 21.2 = 315
Crude fiber, % 25 2.0 5.0 4.2 24.1 = 0.93
Moisture, % 16.0 4.7 85 54 57 £ 0.26
Ash, % 12 4.6 4.9 — 26 £ 0.1

aEncyclopedia of Food Science and Technology (1992).
b Delinted seed.
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TABLE 3. ABSORPTION SPECTRUM OF THE SEVEN
FRACTIONS FOUND BY HPLC.

Peak Anax 1 (NM) a2 (NM) Nmax 3 (NM)
1 370 395 409
2 370 396 406
3 369 393 409
4 428 443 466
5 412 433 457
6 425 445 464
7 412 431 450

9- and 15-minute retention times. These com-
pounds constitute 80% of the pigment.

The UV-Visible spectrum of each fraction was
determined. The presence of carotenoids was
considered positive since each fraction produced
three maxima in their spectra. Britton (1991) has
reported that is characteristic of carotenoids is
to have three maxima spectra.

The maximum absorption wavelengths of
each fraction can be observed in Table 3. The
spectra can be grouped according to the wave-
length of their maxima in: 1, 2, 3; 4, 6; and 5,
7. 1t may be thought that the fractions within the
groups would be the same compound, however
it has been observed that some carotenes, with
a different number of carbon atoms or with a
different functional group, show the same ab-
sorption spectrum. An example of thisis B-car-
otene and zeaxanthin, which have the same
chromophore, but have different hydroxy groups
and show an equal absorption spectrum. Another
example is tunaxanthin C,, and decaprenoxan-
thin Cg,, which have virtually identical spectra,
as does neurosporene C,,. The characteristic of
these carotenoids is that they have the same
chromophore (Britton 1991, 1995; Gross 1991).
The authors suggest that even if the fractions of
each group have a common chromophore that
defines the maxima of their spectra, the chro-
matographic behavior may be determined by dif-
ferences in the carbon number or the presence
of different functional groups between them.

CONCLUSIONS

The seeds of D. heterantha have been con-
sumed for generations in the semiarid regions of
Mexico. Ditaxis is a valuable plant, not only for
its high protein and oil content, but also for its
potential as an additive (colorant) for the food
industry. The presence of carotenes in the seed
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may be an alternative source of natural colorants
for food use.

It is a plant with great potential, as it does not
require special cultivation attention. This type of
plant may be introduced in the barren semiarid
regions as an aternative crop where the yield of
traditional crops, such as corn and beans, is low.
Its low production costs offer the possibility of
expanding and promoating its cultivation.

ACKNOWLEDGMENTS

We would like to express gratitude to Azafran Productors from Col-
otlan and Totatiche Jalisco for their help. We are grateful to Martha Mar-
tinez of the Sciences Institute of UNAM for help on the genus of this
plant. This project was supported financially by a CONACY T-SIMO-
RELOS 1999 grant and a COECYTJAL grant.

LiTERATURE CITED

Abraham, G., and R. J. Hron. 1992. Oils seeds. Pag-
es 1901-1910 in Y. H. Hui, ed., Encyclopedia of
food science and technology. John Wiley and Sons,
New York.

Association of Official Analytical Chemists. 1997.
Official methods of analysis of AOAC Internation-
a. Vols. | and Il. 16th ed. AOAC International,
Gaithersburg, MD.

Britton, G. 1991. Carotenoids. Pages 473-518 in B.
V. Charlwood and D. V. Banthorpe, eds., Methods
in plant biochemistry. Ed. P M. Dey and J. B. Har-
borne. Academic Press.

. 1995. UV/Visible Spectroscopy. Pages 13-62
in G. Britton, S. Liaan-Jensen, and H. Pfander, eds.,
Carotenoids. Birkauser Verlag, Basel.

Gross, J. 1991. Pigments in vegetables. Van Nostrand
Reinhold, New York. pp. 75-92.

Ingram, J. 1980. The generic limits of Argythamnia
(Euphorbiaceae) defined. Gentes Herbarum 11(7):
427-436.

Jiménez, L. C., and H. Y. Bernal. 1992. El “‘inchi”
Caryodendron orinocense karsten (Euphorbiaceae).
Convenio de San Andrés Bello. CAB en Coedicion
con e ministerio de educacion y Ciencia de Es-
pafia, Bogota, Colombia.

McVaugh, R. 1980. Karwinski’s itineraries in México
1827-1832 and 1941-1843. Contribution of Mich-
igan Herbarium, Vol. 14, pp. 141-152.

Martinez, M. 1937. Catdlogo de nombres vulgares y
cientificos de plantas Mexicanas. De. Botas, Méx-
ico.

. 1959. Plantas utiles de la flora Mexicana, Ed-
iciones Botas. Mexico, D.F

Mensier, P. H. 1957. Dictionaire des huiles vegeta-
bles. Edition Paul Lechevalier, Paris.

Muller, J. 1866. Euphorbiaceae. Pages 189-1286 in
DeCandolle, ed., Prodromus systematis naturalis
regni vegetabilis 15(29):189-1286. Paris.

Nowicke, J. W., M. Takahashi, and G. L. Webster.
1999. Pollen morphology, exine structure and sys-



2004]

tematics of Acalyphoideae (Euphorbiaceae). Part 2.
Tribes Agrostistachydeae (Agrostistachys), Pseu-
dograstistachys, Cytrhanthus, Chondrostilis), Cro-
zophoreae (Speranskia, Capperonia, Philyta, Ditax-
is, Argythamnia, Chiropetalum). Review Palaeo-
botany and Palynology 105:(1-2):1-62.

Radcliffe-Smith, A. 2001. Genera Euphorbiacearum.
Royal Botanic Gardens, Kew, UK.

Ravetta, D., and A. Soriano. 1990. Colliguaya inte-
gerrima (Euphorbiaceae): A possible new crop for
temperate deserts. Page 267 in J. Janick and J. E.
Simon, eds., Advances in new crops. Timber Press,
Portland, OR.

Rzedowsky, J. 1983. Vegetacion de México. Ed. Li-
musa. Mexico. D.F

MENDEZ-ROBLES ET AL.: AZAFRAN DE BOLITA

535

Standley, P. C. 1924. Trees and shrubs of Mexico.
Pages 620—621 in Smithsonian Institution, United
States National Museum. Contributions from the
United States National Herbarium. Government
Printing Office, Washington, DC.

Vazquez, V. 2000. El azafran de bolita (Ditaxis het-
erantha) en el Norte de Jalisco. Centro Regional
Universitario de Occidente (Universidad Autbnoma
de Chapingo)-CIATEJ. Reporte técnico de un es-
tudio de campo.

Walters, D. R., and D. J. Keil. 1996. Vascular plant
taxonomy. 4th ed. Kendall/Hunt Publishing Co.,
Dubuque, 1A.

Webster, G. L. 1994. Synopsis of taxa of Euphorbi-
aceae. Annals of Missouri Botanical Garden 81:33—
144,



