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AMtraet-The distributiou of be&q&us in thirty-seven plants, iuchtdin8 examples from seveu families of 
the order Ceutrospermae, has been investigated by usin an automatic method of analysis on polyamide 
column. A large number (forty-four) of betacyauius, most of them previously uudescribed, have beeu observed 
and the spectrophotometric and ekctrophoretic properties of these pisments have been de&mked. When 
sulhcient amouuts were available, the betacyanins were subjected to acid hydrolysis ; analysis of the hydrolysate 
has shown that they are all derived from betauidm and isobetauidin. 

INTRODUCTION 

~&D-VIOLET pigments called betacyanins* (formerly regarded as nitrogenous anthocyanins)* 
and corresponding yellow ones, for which the name betaxanthins has been proposed,3 occur 
in many plants of the order Centrospermae. J-7 Up to the present, only the betacyanins have 
been extensively investigated. Betanidin, the aglycone of the red-violet pigment betanin 
isolated originally from Beta vulgaris, s-l1 has been shown to have the structure I,12J3 quite 
dilkent from that of the anthocyanins or other flavonoids. Treatment of betanidin with an 

k 
FORMULA I 

1 A. S. D~EIDINO, Recent Developments in the Chemistry of Natural Phenolic Compound, p. 194, Pexgamon 
Press, Ioudou (l%l). 

s G. M. R~BWSON and R. Roriurso~, J. Chem. Sot. 1932,1439; 19X&25. W. J. C. LAWRENCE, J. R. Parca, 
G. M. ROBINSON and R. ROBINSON, PhiI. Trans. Roy. Sot. London. 23OB, 149 (193941). 

s H. WYIBR and A S. Dasrm~o, Experientia 17,23 (1961). 
4 H. REZNIK, 2. Rotan. 43,499 (1955). 
5 H. REZNE, Pkmta 49,406 (1957). 
6 W. RAUH and H. REZNIK, Botun. Jb. 81,95 (1961). 
7 T. J. MABRY, A. TAYLOR and B. L. Ttnwru, Pbytochem. 2,61(1%3). 
s G. W. Puu-ma, L. C. Cua-rrs and H. B. Vrcrraa~, J. Bicl. Chem. 123,61(1938). 
9 H. WYLB~ and A. S. D~EUXNO, Hehr. chita. Acta 40,191(1957). 

10 0. TX Scrwwr, P. BECHP,E_ aud M. Husrwa, Ckern. Rer. 93,1296 (1960). 
11 M. PIATIBLLI and L. MINAL.E, Rend. accud. xi. fiz. e mat. (Sot. nazl. sci. Napoli) 29,80 (1962). 
1s T. J. MABRY, H. WYLER, G. SAEZKI, M. MERCIER, I. P~~nor and A. S. D~EZIXNO, Helv. Chim. Acta 45,640 

(1962% 
13 H. WYIBR, T. J. MAEIRY and A. S. DBEIDING, Helv. Ckim. Acta 46,1745 (1%3). 

37 547 



548 MARIO PIArreur and LUICX MINALE 

acid or a base (in the absence of oxygen) effects a partial change of configuration at C-15; 
the product of transformation being isobetanidin.13J4 

There is no known case of the coexistence in the same plant of betacyanins and antho- 
cyanins; other classes of flavonoid pigments are common in the betacyanin-containing 
species.49 5 Betacyanins are present in flowers and fruits, and often in roots, stems, bracts and 
other parts of plants as well, They may also form in pathological conditions such as insect 
injury or malnutrition. The function of these pigments in the plant is unknown, except that 
when present in flowers they may have a role, like the anthocyanins, in insect or bird pollina- 
tion. 

Even before the structure of these pigments was clarified, their systematic sign&ance 
had been evaluated by several authors. At first betacyanins were found in eight families 3-5 
(Amaranthaceae, Basellaceae, Cactaceae, Chenopodiaceae, Mesembryanthemaceae, Nycta- 
ginaceae, Phytolaccaceae and Portulacaceae) usually grouped in the order Centrospermae. 
More recently Rauh and Reznik6 observed betacyanins in Didieraceae, while Mabry et uL7 
found them in Stegnosperma ltahnifolium of the family Stegnospermaceae. This family had 
previously been considered by Hutchinson as belonging to the order Pittosporalesi5 although 
most taxonomists include it in Phytolaccaceae. Among the families of the classically con- 
stituted Centrospermae only the Caryophyllaceae and Illecebraceae apparently lack beta- 
cyanins. These families do, however, contain anthocyanins, and it has been proposed by 
Mabry et uL7 that they be considered as a phyletic group related but not belonging to the 
order Centrospermae, the latter being reserved for the betacyanin-containing families. 

These significant taxonomic results, relying solely on the demonstration of the presence or 
absence of betacyanins, invite a more thorough investigation of the relationship between the 
betacyanin patterns and the botanical classification of plants of the Centrospermae at lower 
systematic level. Such research involves the analysis of the betacyanins from a very large 
number of species belonging to all the genera under investigation; furthermore, it is necessary 
to examine the different plant parts separately. Unfortunately, paper chromatography, 
so often used for chemotaxonomic studies, gives poor results with betacyanins; more useful 
data are obtained by paper electrophoresis. Nevertheless, even this technique is unsatis- 
factory for systematic work, since different betacyanins often migrate to the same extent (see 
Table 1). Moreover, it should be noted that when crude extracts are analysed, the presence of 
extraneous material makes resolution worse still. Nor is it suitable to follow Mabry et aL7 
in adopting the purif%zation method proposed by Pucker et aZ.,8 since this method causes the 
partial esterification of the betacyanins, making interpretation of the results even more diffi- 
cult. 

In order to study the distribution of these pigments, it was clear that a better separation 
procedure must be devised. Since strongly acid cation exchange resin and polyamide powder 
had proved very useful, the first for the purification and the second for the separation of the 
betacyanins,11~16 we used them in the present work for routine analyses of betacyanins. The 
method has been made automatic and permits the analysis of a betacyanin mixture in under 
24 hr. 

In addition to the possibility of applying this method to the taxonomic study of Centro- 
spermae, it may be profitably used for the screening of a large number of plants in order to 
select those from which certain of the betacyanins can be isolated for structural elucidation, 

l4 H. WYLER and A. S. DRIBDING, Heiv. C/u-m. Acfu 42,1699 (1959). 
Is J. HUTCHINSON. The Families of Flowering Plants, Vol. I, II, Clarendon Press, Oxford (1959). 
I6 M. F’IATTELLI and L. MINALE, Phytochem. 3, 307 (1964). 
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Rti. 1. ~HROMAWXXAMS ON POLYAhtlDE COLUh4N OF BETACYANINS DEIW’ED FROM: (a) LEAVES OF Amaranthus caz&tu.s (Table 2; 2), (b) LfAVES OF 
Cheil~~ium ~r~tico~~r (Table 2; 23), (c) FLOWERS OF Pb~I~~act~ hybrkius (Table 2; 20), (6) PLOWERS OF Mesembr~the~mp 
(Table 2; 29), (e) HAPHERS OF Portdzea gr~~~oru (TabIe 2; 37), (f) mucrs OF ~uga~QilIea gbzbra (Table 2; 31). ~ornato~a~ (a), (b), (e), (e), 
(f} were run on column 1; chromatogram (d) was run on cohm~~ 2. The numbers on the peaks refer to the betacyanins listed in Table 1. 
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RESULTS 

Thirty-seven plants were studied, including examples from seven families of Centrospermae 
(see Table 2). 

The betacyanins were extracted with water from homogenated tissues, ptied by non- 
ionic absorption on a strongly acid resin, and chromatographed on a column of polyamide 
(40 x 0.9 cm; column l), using increasing concentrations of methanol in aqueous citric acid 
as the developing solvent. To prevent interconversion of betanidin and isobetanidin deriva- 
tives, and hydrolysis and further degradation of the pigments, it proved necessary to carry out 
the whole procedure at 5”. In a few specimens, pigments with retention time longer than 
24 hr on column 1 were observed; they gave sharper peaks on a shorter column (30 x O-9 cm; 
column 2), using a 50: 50 v/v mixture of 10 % aqueous citric acid and methanol as the develop- 
ing solvent. Under these conditions, there was an overlapping of the pigments having a 
shorter retention time, making a second analysis on column 1 necessary. The eluate of either 
column, after continuous monitoring of the betacyanin concentration level, was collected in 
fractions of 8 ml. The resolved bands were freed from citric acid by resin treatment ; electro- 
phoretic mobilities and U.V. spectra of all the isolated pigments were determined. When a 
specific betacyanin was available in sutIlcient amounts, it was subjected to acid hydrolysis and 
the hydrolysate was examined for betanidin and isobetanidin. 

The properties of 44 betacyanins isolated in the course of the present work are summarized 
in Table 1; most of them have not been described previously. Distribution of the betacyanins 
in the plants examined is shown in Table 2. Some typical chromatograms on polyamide 
columns are shown in Fig. 1. 

DISCUSSION 

Chromatography on polyamide gives far better results than the techniques previously used 
for betacyanin analysis. Its limitations are due to the large number of betacyanins which 
exist, probably even greater than the number found so far by analysing only thirty-seven 
species. In none of the individual species examined, did a pigment separated by polyamide 
chromatography prove to be inhomogeneous by paper electrophoresis. Nevertheless, as can 
be seen from Table 1, pigments having identical retention volume on polyamide column, but 
distinguishable by electrophoresis, were found in two different species, viz Bougainvillea 
g&bra and Gomphrena gZobosa (Bougainvillein VII-Gomphrenin IV; Bougainvillein IX- 
Gomphrenin V; Bougainvillein X-Gomphrenin VI; Bougainvillein XI-Gomphrenin VII; 
Bougainvillein XII-Gomphrenin VIII ; see Table 1). A more frequent case is that of pigments, 
separable by polyamide chromatography, which have the same electrophoretic behaviour 
(for example, the seven Bougainvillein V-XI). In the light of this, the results reported by 
previous authors must be considered with reserve since many seemingly pure betacyanins 
may in fact be complex mixtures. For example, Wyler and Dreiding’s so-called ‘ Gomphrenin ‘, 
which was thought to make up 80 % of the betacyanin content of the inflorescences of Gom- 
phrena gZobosa,3 is actually a mixture of numerous pigments (Gomphrenin IV-VIII; see 
Table 1). On the other hand, it should be kept in mind that insufficient resolution of beta- 
cyanins by paper electrophoresis cannot account for all the discrepancies between our results 
and those of previous workers. Some of these differences depend on dilferent betacyanin 
composition in individual plants of the same species, differences which are a result of external 
and internal factors (nutritional conditions, stage of development, and so on) whose influence 
has not yet been investigated. This is the case with Kochia scoparia. Wyler and Dreiding 
found 95 % of its betacyanin total to be made up of betanin,3 whereas we found, in addition to 
betanin, large amounts of phyllocactin. Since this pigment has electrophoretic mobility 
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markedly different from that of betanin, it could not have been overlooked by the Swiss 
workers. The intra-speci& variation of the betacyanin pattern within a species also results 
from the comparison of data concerning two specimens of Bougainvillea glabra collected at 
different stations during the same period (see Table 2, Nos. 31 and 32). 

From the results summarized in Table 1, it appears that all the betacyanins subjected to 
acid hydrolysis gave either isobetanidin or a mixture of betanidin and isobetanidin. In a 
previous communicatiorP it was shown that, while the isobetanidin glycosides examined 
yielded only isobetanidin by acid hydrolysis, the betanidin glycosides gave a mixture of 
betanidin and isobetanidin, as a result of the partial isomerization of the aglycone. From these 
facts it can be readily assumed that all the betacyanins which have been subjected to acid 
hydrolysis are derived either from betanidin or isobetanidin. This finding suggests that the 
differences among the betacyanins involve the glycosidic pattern and/or the configuration 
at C-15 of the aglycone rather than the basic structure.* Additional work is necessary to 
ascertain which of the described pigments differ only in the configuration at C-15. So far, we 
have observed that betanin, amarantin, phyllocactin and celosianin are reversibly transform- 
able into isobetanin, isoamarantin, isophyllocactin and isocelosianin, respectively. Since the 
fist four pigments yielded a mixture of betanidin and isobetanidin by acid hydrolysis while 
the other four yielded isobetanidin, it is to be deduced that the two terms of every pair of 
mutually transformable compounds have the same relationship one to the other as betanidin 
to isobetanidin, i.e. they differ in configuration at C-15. 

It is still an open question whether both betanidin and isobetanidin derivatives are synthe- 
sized by the plant or whether one or the other are primary products of metabolism, the 
remaining ones being secondary products due to epimerization of the aglycone. However, it 
is probable that both types of pigments are present in plant tissues, for we have adopted 
experimental conditions that would prevent isomerization from taking place. The fact that 
in a few plants (e.g. Atriplex hortense, Chenopodium amaranticolor, Salsola soda) some 
betanidin glycosides occur unaccompanied by their corresponding isomers, whereas the 
opposite was never observed, might indicate that the betanidin pigments are the primary 
products and the isobetanidin pigments are formed by isomerization. 

As for the possible taxonomic significance of betacyanin distribution in Centrospermae, 
the number of plants so far examined is admittedly too small to permit any general conclusions 
to be drawn. The following provisional assumptions, however, can be made : 

(a) in some species the betacyanin pattern does not depend on the tissue which is examined 
(e.g. Amaranthus caudatus and CeZosiaplumosa), whereas in other species the different plant 
parts have different betacyanincomposition (e.g. Gom.phrena globosaand Portulacagradz~ora). 

(b) within a single genus, the patterns of different species may be very similar (e.g. in 
Amaranthus or Opuntia,) or completely different (e.g. in Portulaca). This makes it difficult, 
if not impossible, to assign a given species to a particular genus; 

(c) due to the wide difference in the betacyanin pattern of genera belonging to the same 
family, it is often impossible to assign a given species to a particular family. 

Collection of Plant Material 
EXPERIMENTAL 

The plants listed in Table 2 were collected from April to October 1963 in the Naples area, 
with the exception of Salsola soda (No. 25) and Bougainvillea glabra (No. 32) which were col- 

* It cannot be excluded at the present time that some other modification of the structure of the aglycone 
such as esterScation of the carboxyl groups, might account for the different betacyanins. 
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lected near Pescara and on the island of Ischia respectively. In order to prevent post-harvest 
changes, the plant material was worked up as soon as possible. 

Extraction of Plant Material 

The fresh plant material was ground in 4-6 vol. of cold water in a Waring blender. The 
homogenate was heated at 70” for 5 min and filtered through several layers of cheese-cloth; 
the extraction was repeated until no more colour was removed. The combined extracts were 
adjusted to pH 3 by addition of N HCl and centrifuged. The clear supematant was passed 
onto a column of Dowex 5OW-X2 @I+ form, 1-5x 10 cm). Under these conditions the 
betacyanins were hound to the resin non-ionically. After washing of the column with 0-l % 
HCl(200 ml)* the betacyanins were slowly eluted with water. Absorption and elution was 
performed at 5-10”. 

The volume of the eluate was reduced in vacua at 30” until a 0.1~ml sample, after dilution 
to 10 ml, had an optical density (540 rnp) ranging from 05 to 1. Aliquots (1 ml) of the con- 
centrated solution were used for analysis of betacyanins on polyamide column(s). 

Analysis ofBetaeyani&s on Polyamide Column 

1. Material. In the course of the present work two types of polyamide (polyhexamethylene 
adipamide) powder, differing in particle sire, were used : 

Type a, prepared by ~pi~~g the polymer (100 g) from a solution in formic acid 
(750 ml) by slow addition (2 hr) of water-ethanol mixture (50: 50, v/v; 1000 ml). 

Type b, of smaller particle size, was prepared by precipitating the polymer (100 g) from a 
solution in formic acid (1000 ml) by rapid addition of ethanol (3000 ml).t 

The polyamide powders were washed with distilled water until acid free and stored wet. 
2. Apparatus. A schematic diagram of the automatic analyser is shown in Fig. 2. The 

details are as follows: (i) Polyamide columns. Two heavy-walled jacketed chromatograph 
tubes of 0.9 cm i. d. with heights of 50 cm (column 1) and 40 cm (column 2) were uniformly 
packed to a height of 40 and 30 cm respectively, with a 50: 50 w/w mixture of the two types of 
polyamide powder. The cohunns were maintained at 5” throughout analysis. (ii) Propor- 
tionating pump (Technicon Instrument Corporation, Chauncey, New York). (iii) The mani- 
fold was constructed according to Fig. 2, with O-045,0-035 and 0.030 in. (i. d.) tygon tubes 
for the diluent, the nitrogen and the eluent respectively. (iv) A Technicon calorimeter fitted 
with a 4-mm light path flow cuvette was used with interference filters which transmitted maxi- 
mally at 540 m,u. (v) The recorder was a Speedomax type G, model S (Leeds and Northrup 
Co., U.S.A.). (vi) The gradient device was a 550-ml twelve-chambered Autograd (C. Erba) 
similar to that described by Peterson and Soberl’. (vii) A C. Erba fraction collector was 
used. 

3. Procedure. At the conclusion of a run, as indicated by the absence of pigments on the 
column, the following procedure was started : 

(Column 1) after equilibration of the column with 5% aq. citric acid, the solution was 
removed from above the polyamide surface with a suction line, and the sample (1 ml), 
prepared as above, was applied. After absorption of the sample under gravity flow and a 

“E. A. PJ?XBSON and H. A. SOBER, Am& Cimn. 31,857 (1957). 

* A few pigments (prcbetanin, isoprebetanii and rivinianin) were eluted in part during the acid washing of 
theresin, Thefractionofthe~containingthesepigmentswastakentodrynessinvacuoandtheresidue 
added to the mak b&acya& fraction. 

t Type b polyamide pow&r gave a better resolution of the betacyanhs but had too high a resistance to flow. 
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small wash of about 0.5 ml of 5 % aq. citric acid, the space above the column was tilled with 
5 % aq. citric acid. The top of the column was connected to the gradient device the chambers 
of which contained 23 ml of 10 % citric acid and 23 ml of increasing con~n~tio~ of methanol 
in water: the first eight containing 0,4, 6, 8, 10, 12, 14, and 18 ml respectively and the last 
four 23 ml of absolute methanol. The pump was then started. 

(Column 2) no equilibration was necessary at the conclusion of a run. After addition of 
the sample, the top of the column was co~ected to a reservoir containing 250 ml of a 50: 50 
v/v mixture of 10 % aq. citric acid and methanol. 

At the exit from the column (colon 1 or column 2), the eluate (O-32 ml/mm) was diluted 
with water (0.82 mlfmin) and segmented with nitrogen (0.42 ml/min). This diluted sampte 
stream was continuously monitored, and collected in g-ml fractions. The resolved bands were 

Colotimetet I Cacllrs t 

Nitrogen 

rliluent 

Recorder 

I 

Proporli~ating pump 

Gradient device 

FIG. 2. DLAGRAM OF APPARATUS. 

purified on a column (l-5 x 5 cm) of resin as before. Electrophoretic mobilities at pH 2.4 and 
4.5 and U.V. spectra were measured; when su~~ent material was available, acid hy~olysis 
was performed. 

Paper Electrophoresis 

Electrophoretograms were run for about a hr in a horizontal apparatus, using either a 
pyridine formate buffer (0.05 M, pH 45) or formic acid (0.1 M, pH 2*4), the potential gradient 
being of 16 V/cm. 

Spectra 

Ultra-violet spectra were determined on Unicam SP 500 spectrophotometer. 

Acid Hydrolys;is of Betacyanim 

The acid hydrolysis of the betacyanins was performed as described in a previous paperI 
The aglycones were identified by paper electrophoresis at pH 2.4 and 4.5. 
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Isomerkation of Betacyanins 

A solution of betanin (1 mg) in 5% aq. citric acid (1 ml) was allowed to stand at room 
temperature for 36 hr and then chromatographed on column 1. Betanin and isobetanin in a 
6 : 4 ratio were present as well as traces of betanidin and isobetanidin. Under the same experi- 
mental conditions isobetanin was partially transformed into betanin (betanin:isobetanin 
ratio 4 : 6 ; traces of betanidin and isobetanidin were also present). Similarly, amarantin, 
phyllocactin and celosianin were reversibly transformed into isoamarantin, isophyllocactin 
and isocelosianin respectively. 


