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ISOLATION AND IDENTIFICATION OF BETACYANIN
FROM FRUITS OF Opuntia boldinghii Br. et R. BY HPTLC

Abstract
Opuntia boldinghii Br. et R. fruits were processed to determine its betalains composition. Isolation and purification

were carried out by means of high performance thin layer chromatography (HPTLC). They were eluted independently
into two solvent systems in one dimension. Results showed a major red fraction with a maximum absorbance at 537 nm
(betacyanin). The results of this investigation demonstrated an excellent resolution and reproductiveness of the technique.
© 2001 Altaga. all rights reserved.
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Resumen
Frutos de Opuntia boldinghii  Br. et R., fueron procesados para determinar su composición en betalainas. La

separación y purificación se llevó a cabo mediante cromatografía de capa fina de alta resolución (HPTLC). Fueron
eluidos en dos sistemas de solventes en una sola dimensión independientemente. El estudio químico revela una fracción
roja mayoritaria, determinándose una absorbancia máxima a 537 nm (betacianina). La técnica cromatográfica empleada
fue de excelente resolución y reproducibilidad.  © 2001 Altaga. Todos los derechos reservados.

Palabras clave: Opuntia, betacianina, betalainas, Cactaceae, HPTLC

Resumo
Froitos de Opuntia boldinghii Br. et R., foron procesados para determinar a súa composición en betalainas. A

separación e purificación levouse a cabo mediante cromatografía de capa fina de alta resolución (HPTLC). Foron eluidos
en dous sistemas de solventes cunha soia dimensión independentemente. O estudio químico revelou unha fracción vermella
maioritaria, determinándose unha absorbancia máxima a 537 nm (betacianina). A técnica cromatográfica empregada foi
de excelente resolución e reproducibilidade.  © 2001 Altaga. Tódolos dereitos reservados.

Palavras chave: Opuntia, betacianina, betalainas, Cactaceae, HPTLC
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INTRODUCTION

The species Opuntia boldinghii Br. et R., belong
to the family Cactaceae, its natural habitat is usually
xerophilous. They can be found in the Costa del Caribe
and Venezuela (Ponce 1989). These species have an
adaptive capacity in other less-dry region. Some authors
have been described that the fruits of the genus Opuntia
can be used in the confection of jams, flours, dehydrated
products and natural pigments (Sáenz 1997; Sáenz et
al., 1998; Sepúlveda et al., 2000).

Betalains have been the major pigments
occurring in the fruits of Opuntia. They are derived
from betalamic acid. These compounds have
importance from the point of view of its biological
diversity. They can have antiviral and antibacterial
activities. Moreover, they are taxonomic and
phylogenetic markers. The betalains are involved in the
attraction of dispersers of seeds and/or pollinators and
they are potential natural food pigments (Delgado-
Vargas et al., 2000). These characteristics have
encouraged the development of different methods to
identify and purify them (Wiley and Lee 1978; Sapers
and Horstein 1979; Bilyk 1981).

Among the methods used for the isolation, the
main methods used are ion exchange chromatography,
electrophoresis and TLC (Bilyk 1979; Huang and Von
Elbe 1985; Delgado-Vargas et al., 2000). The most used
technique is the preparative thin layer chromatography
using cellulose as absorbent (TLC). Bilyk (1979)
developed a method using this technique. It consists in
developing one-dimensionally the plates in two mobile
phases (Mixture I: isopropanol:ethanol:water:acetic
acid 55:20:20:5; Mixture II: isopropanol:ethanol:water:
acetic acid 30:35:30:5; both expressed in volume).

To develop the chromatogram, the plate is placed
in a chamber containing the mixture II, the plate is dried
in a chamber conditioned with nitrogen liquid. After
this process the plate is developed in the mixture I and
it is dried as mentioned above. This technique has two
disadvantages. First, it need a special chamber with
nitrogen liquid and second, the times of elution are high
(3 h with mixture II and 2 h for mixture I).

In this work an alternative technique is
presented. This is based in to replace the nitrogen liquid
by dry ice (CO2 s) and use cellulose (HPTLC).

MATERIALS AND METHODS

Preliminary stages
The fruits of Opuntia boldinghii  Br. et R., 40.5

± 0.1 g, were harvested at Municipio Montalbán,
Carabobo state, Venezuela (harvest season: November
2000). The transportation to the Laboratory was carried
out using containers conditioned with dry ice CO2  (s),
the keep maintenance temperature at 7.0 ± 1.0 °C. The
criteria of selection were to present ripeness for
consumption, uniform red color and absence of
apparent physical damage. The fruits were washed with
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water and dried in absorbent paper. After this, they were
cut with a stainless steel knife and placed into a juice
extractor (Eastern Electric


, JX5000), 121.0 ± 0.1 g

were obtained of juice.
The acidity characterization of the pulp was

made according to methodology AOAC (1995). The
soluble solids were expressed as °Brix and their were
determined by refractometry and pH by pHmeter Orion,
Model 900A.

Chromatographic systems
The samples of the extracts were carefully

applied with capillaries on cellulose HPTLC plates
(HPTLC-Fertigschichten cellulose 10 x 10 cm, Merck,
No. Cat. 5632). These plates were previously activated
in a stove (Memmert Model 400) at 90.0 ± 0.1 °C during
30 min. Two one-dimensional developments were
achieved using two independents solvents systems
(Table 1). The samples were applied as continuous lines
until saturation was obtained.

The first developing solvent was system II and
the second was system I, this procedure was done by
Bilyk (1979) using TLC plates of cellulose.
Development in system II was completed in 1.20 h. The
plates were dried in a vacuum stove connected to an
electric pump (Emerson, Model SA55JXGTD-4144,
HP1/6, No. Cat. 68X), inside it 400 g of CO2 (s) were
placed. The conditions of the drying cooling were:
temperature 5 °C, pressure 5 inch Hg and the time 5
min. After this, these plates were eluted in the solvent
system I during 1h and the procedure previously
described was repeated. The development and drying
process were done in the darkness conditions. The Rf
values were determined for each detected compound.
Each fraction was removed with a spatula and it was
placed into a porcelain funnel (Pyrex 

USA, No. 36060,
15 ml, ASTM 10-15M). The compounds were washed
with 10 ml of distillated water, the filtrate was directly
collected in a spectronic cell. All this process was done
in the darkness. The major compounds were evaluated
by visible spectroscopy (400-580 nm), with a Baush &
Lomb spectronic.

Isolation and purification for the pattern of
comparison extracted of Beta vulgaris L.

The methodology used to obtain the pattern of Beta
vulgaris L. was the same as described previously for the
fruits of Opuntia boldinghii Br. et R. The visible spectra
of each species were compared a pH 6.1 (Fig. 1).

Solvents System I (%) System II (%) 
Isopropanol 55 30 

Ethanol 20 35 
Water 20 30 

Acetic acid 5 5 
 

Table 1.-Composition and proportion of the two solvents systems used
in HPTLC.
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RESULTS AND DISCUSSION

The results of the physicochemical evaluation of
the fruits of  Opuntia boldinghii Br. et R. are shown in
Table 2. The values determined in this work are in the
range obtained for others authors (Sáenz 1997; Sáenz et
al., 1998; Sepúlveda et al., 2000; Viloria-Matos and
Corbelli-Moreno 2001).

The Table 3 shows the Rf values and the color of
the fractions for the major compounds. Visual detection
allowed the observation of two delimited fractions (Fig.
2). The Rf values of the fractions are 0.72 and 0.55 for
the yellow fraction and the red fraction, respectively.

The major red fraction at pH 6.1 absorbs at 537
nm, which is similar to the reported value for betacianine
(Bilyk 1979, 1981; Delgado-Vargas et al., 2000). The
comparison of the spectrum of the pure patterns of
betacianine extracted from Beta vulgaris and the spectrum
of the red compound obtained of the fruits of Opuntia
boldinghii Br. et R. indicated that these compounds can
have the same structure (Fig. 1).

The technique HPTLC described in this
investigation, which include two one-dimensional
development in two solvents systems and the use of a
vacuum heater previously conditioned with CO2 (s),
allowed the incorporation of low-cost resources and easy
manipulation because the nitrogen liquid was replaced by
CO2 (s). Moreover, the eluting time was reduced from 5 h
in TLC to 2.20 h in HPTLC, this is an advantage because
of the time of exposition to oxidation conditions is lower.
The estimated number of plates that can be used is 4 or 5
under these experimental conditions, therefore the
convenience of this technique is related with its low cost.

CONCLUSIONS

The presence of betacianine (λm a x 537 nm) in the
fruits of Opuntia boldinghii  Br. et R., was determined
using HPTLC, the eluting time was reduced and

incorporated material and equipment of easy manipulation.
The results of this investigation show an excellent
resolution and reproductiveness of the used technique
under the experimental conditions. The technique
developed in this investigation using cellulose allowed to
reduce the developing time and to replace the nitrogen
liquid by dry ice (CO2 s). Therefore, the advantages of
this method are low cost and easy transportation (CO2).
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Figure 1. Visible spectra of betacianine of O. boldinghii Br. Et R and
B. vulgaris L.

% Humidity  ºBrix pH % Acidity * 
88.40 10.0 4.93 0.038 

 

Table 2.-Physicochemical characterization of the fruits extracts from
Opuntia boldinghii.

Table 3.-The Rf values and the color of the major fractions detected
by HPTLC Chromatography.

* g of citric acid/100 g of pulp.

* major fraction.

Figure 2. HPTLC of fruits of Opuntia boldinghii. Fracción Y = yellow;
Fracción R = red.

Compound Rf Color 
1 0.72 Yellow 
2 0.55 Red * 
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