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INTRODUCTION 

~~cxmm arc sap-soluble pigments wbicb as yet have been found only in plants belonging 
to the Centriaqxr7nue.14 On account of the di&ulty in isolating them investigation of 
these nitrogenous compounds has proceeded extremely s10wly.~ The recent isolation of 
beta&l in crystrrlline state fi-om Beta vuzgark, 6-g however, bas changed tbis situation. By 
acid hydrolysis, this yields, along with gluoose, a mixture of hy~~o~~ of two com- 
pounds wbicb can be differeutiated by electrophoresis and c~~~~phy, and arecalled 
bet* and imbetddin, respectMy. lo For betanidin two altematim formulas were 
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s~ggested.~~*~~ According to our experiments, Formula II is favoured,g and thus the 
glucosyl residue in betanin is linked to the hydroxyl group in position 6.* 

Phytoikca &can&a L. is the only other plant belonh to the Centnqmmafz from which 
ithasbsonpoasibletaobtainthemajorpigmentincrysEallinefarm;13thebetacyaninobtainad 
in this way has been shown to be identical to betanin. From 15 other species be&u&g to the 
Centrospermae the main betacyanins were isolated in small quantities and partklly character- 
kkf4 In all cases the a&ones obtained by acid hydrolysis were shown, by paper electro- 
phoresis and paper chromatography, to be a mixture of beta&in and isobetanidin. 

In order to study the distribution of betacyanins and their taxonomic implications, it is 
necessary to isolate and characterize as many pigments of this class as possible. The present 
paper deals with betacyanins from two plants of the famify Cactaceae, namely, PhyZkxactus 
hybridus HOI%. and dpuntia@us-zidica Mill. 

RESULTS 

Four red-violet mts (A, B, C and D) were isolated fkom n&anoli~ extra@ of 
Phykcwushybdts Hort. flowers by chromatography on cohunns ofpolyamide. The fbur 

TABLE 1. PROFZR~ OP BETACXANINS IN Fu)wBIIs OF PhyUocuetita hybridus HORT. AND IN 
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pigments were shown to be homogeneous by paper electrophoresis, and their spectra and 
electrophoretic behaviour showed them to be be&yarks. One of these suw (A), 
present in larger amounts, was ~rptalbd and identified as betanin by comp&ng its 

+~~~f:InarrcantpaperH.~etal.(Hdv.CRCllr,Aeta~1745(1963))grve~ 
midc¶cehlfayoucofFwmulaI. 

11 H. W~~JX and A. S. DREIDINCJ, Helv. Chinr. Acta 45,638 (1962): 
‘~T.J.M~~~~,H.W~LE~,G.SA~~~,M.~@~~BR,I.PAI~I~~~A.S. 

0962). 
DRimmvq Kalv. Chim. Actrtr(b,640 

“H.W~uatandA.S. DlhtDlN, HeIv. chim. +a 44,249 (1961). 
14 H. WYLHR and A. S. mm, JZxpcrentia 17,23 (l%l). 
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properties (i&a-red and ultra-violet spectra, X-ray diagram and its behaviour on electro- 
phoresis and chromatography) with those of an authentic sample. The other three pigments 
could not be isolated in sufEcient amounts for complete characte&ation. Pigment B proved 
to be identical to a w also isolated in small quantitia from Beta w&u&, in which it 
makes up about 3 per cent of total pigment.’ This betacyaniu had already been observed in 
Beta MJg&s by other authors and named isobetanin7* I3 On acid hydrolysis A and C yielded 
mixtures of beta&in and isobetanidin in a ratio of approximately 7:3, whereas B and D 
yielded isobetanidin only. All four pigments also yielded glucose. Though C and D were not 
affected by ahnond emulsin, A @et&n) and B (~~~) were quickly hy~ol~ yiekiing 
beta&in (free of i~~~~) and ibid respectively. This shows that they are 
@-&co&es, a conchxsion which disagrees with earlier German workem,* who reported that 
em&in had no effect on betanin. 

Two betacyanins were found in the fruits of Opuntia&&ndica Mill., but only one (Al) 
was obtained in crystalline state and was identified as betanin. The other (Bl) was shown to 
be identical to isobetanin. The distribution of betacyanins in the flowers of Phylkixuctus 
hydri& Hort. and in the fruits of Opuntia@us-Mica Mill., and their properties, are sum- 
marizedinTable 1. 

DISCUSSION 

Previous authors have always obtained mixtures of beta&din and isobetanidin by acid 
hydrolysis of betacyanins ;l**13*r4 the relationship between these two substances has not 
been fully ch&ted,so far, but it is likely that they are isomers. According to Wyler and 
Drei~5~10 an upturn mixture is obtained from either betanidin or isdbetanidin in 
acid and in alkaline solution (in the absence of oxygen). We have observed that although a 
~trrinsformationofbetanidin~~~betanidin~rs~~theconditionsugedforthe 
acid hydrolysis, the reverse transf6rmatioq does not take place. The fact that mixtures of the 
two a&cones are obtained by acid hydrolysis of the pigments A and C is ascribed to a partial 
transformation of betanidin into isobctanidin by the action of the acid. However, betanidin 
is not transformed into isobeta@did in the conditions used for the enzymic hydrolysis of the 
be&qwk~s and under these conditions A and B yield only beta&En and isobetanidin 
respectively. These re8ults show therefore that in the Centroapermue bctaqdm derived 
ffom both bet&din and isobetanidin occur, and B and D appear to be the first isolated 
w which have isobemnkhn as the a&cone. 

An improved mod&&on of our previous procedure9 was used to obtain both betanin 
and isobetanin from Beta vdgurii. Aqueous extracts of Beta vz&wis, adjusted to pH 3, are 
passed onto a column of acid resin (Dowex 5OW-X2). Under three conditions beta& and 
isobetanin were bound to the resin non-ionically, whereas small amounts of other beta- 
cyanins (prebetanin and isoprebetanin’) were removedby thoroughly washing with O-1 % 
hydrochloric acid Beta& and isobetanin were eluted with water; the ehtate, concentrated 
to a small vohune, was chromatographed on polyamide, as described below. 

Authentic samples of betanSn and isobetanidin were isolated from the mixture of 
hydro&lorides of the two aglycones obtained by acid hydrolysis of betanin by chromato- 
graphy on polyamkkqing 0-l % hydrochloric acid as the eluent. Their properties agreed 
completely with those reported in the literature.’ 
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A4aterials 

Polyamide (polyhexamethylene adipamide) powder was prepamd by precipitating the 
polymer (100 g) from a solution in formic acid (750 ml) by slow addition of a water-ethanol 
mixture (50: 50, v/v; 1000 ml). The product was washed with distilled water until acid free and 
stored wet. Almond emulsin was purchased from Mann Beseateh Laboratories. 

Paper Chromatography Md Paper Hectrophoresis 

Chromatograms were run at room temperature by the descending technique on Whatman 
No. 1 paper. Electrophoretograms were run for about 1 hr in a horizontal apparatus, using 
either a pyridine-formate buffer (0.05 M, pH 49 or formic acid (0.1 M, pH 2*4), the potential 
gradient being 16 V/cm. 

Spectra 

Ultra-violet spectra were debmined on a Unicam SP 500 spectrophotometer. I&a-red 
spectra were determined (KBr pellets) on a Perkin-Ehner model 13C spectrophotometer. 

&traction and Isolation of Betacyanin from Phyllocactus hybridus Hart. 

Fresh petals of PhyZZocuctus hybridus Hort. (1 kg), previously washed with light petroleum 
40-TO”, were ground in methanol (11.) in a Waring blendor for 15 sec. The homogenate was 
heated on a steam-bath and titered through two layers of cheese-cloth; the extraction was 
repeated three times and the combined f%rate after centrifuging were concentrated b vacaro 
to 500 ml. The solution, after standing overnight at 4”, was centrifuged and the supernatant 
concentrated in vucuo in a rotatory evaporator and finally adsorbed onto Whatman cellulose 
powder. This powder was placed on top of a cellulose column (5 x 30 cm), and after removal 
of the yellow pigments -thins l.*~~~) by washing with methanol (7 l.), the betacyanins 
were eluted with water (500 ml). The eluate was adjusted to pH 3 with N HCl and the total 
betacyanin fraction was adsorbed onto a cohmm of Dowex 5OWX2, (H+ form, 2.5 x 20 cm). 
The column was washed with 0.1% hydrochloric acid (2 1.) and the washings discarded. The 
red-violet pigments were eluted with water (1 l.), and the eluate wax taken to dryness under 
reduced pressure, thus obtaining 150 mg of crude be-. Further purification and 
separation of the pigments were effected on six columns of polyamide (5 x 30 cm, flow rate of 
about 200 ml/hr). Elution with O-1 % hydrochloric acid gave four fraction (A, B, C and D) 
which emerged from the columns respectively after about 1.3 l., 1.8 l., 2.7 1. and 3.7 L The 
resolved bands were purified by resin treatment as above. The solutions were made up to a 
known volume and their adsorbivities measured at 538 w. The relative percentages shown 
in Table 1 were calculated on the assumption that all betacyanins have the same qr of 
betanin (E@ = 1120). 

Fraction A was concentrated to a small volume (10 ml) and allowed to stand overn@t 
at 4”; the crystals were filtered off, washed with water (2 ml) and dried to constant weight 
(1 l-2 mg) in a vacuum desiccator. X-ray diagrams, ultra-violet and i&a-red spectra of the 
compoundweredeterminedandshowntoagreewiththoseofauthentic~nin. Theunknown 
gave a single spot after electrophoresis at pH 24 and 4.5 when mixed with bet&n. Further 
identification was made by hydrolysing the compound as described below (see Table 1). 

After evaporating to dryness, fraction B, C and D gave three other betacyanins whioh m 

not present in sufbcient amount for crystalhxation. In paper electrophoresis at pH 24 and 

‘5 M. PIATTZIU and L. Mmu, Renzi. QCC. xci.fis. d mat. (Sot. nazl. sci. N& (in press). 
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4.5, B migrated to the same extent as isobetanin; co-chromatography on polyamide (O-l % 
hydrochloric acid as eluent) showed no separation. Properties of the pigments C and D are 
summar&d in Table 1. 

Extraction and Isolation of Betac~ from Opuntia ficus-indica Mill. 

Mature red-violet fruits (2 kg) of Opntiaficus-in&u Mill. were macerated in 500-g 
batches with water in a blendor. The homogenate was heated at 70” and squeexed through 
several layers of cheese-cloth. The extract was cooled to lo”, adjusted to pH 3 with N hydro- 
chloric acid and allowed to stand overnight at 4”. The brown precipitate was removed by 
centrifuging and the clear supematant purified on a column (6 x 35 cm) of resin as before. The 
eluted betacyanin fraction was taken to dryness under reduced pressure. Chromatography of 
the residue (200 mg) on six polyamide columns (5 x 30 cm) using O-1 5 % sodium acetate as the 
eluent, gave two bands (retention volumes O-7 1. and l-8 1. respectively). The separate bands 
were puSed with resin and the eluate of the 8rst band was concentrated to a small volume 
(about 10 ml) at 40” under reduced pressure and allowed to stand overnight at 4”; the crystals 
formed were collected, washed with water and dried in a vacuum desiccator (15-7 mg). 
X-ray diagrams, ultra-violet and i&a-red spectra of the product agreed with those of authentic 
beta&. 

No crystals could be obtained from the second fraction. When mixed with reference 
isobetanin this pigment gave a single spot after electrophoresis at pH 2.4 and 4.5, and 
chromatography on a polyamide column (O-9 x 40 cm) gave a single peak. 

Acid Hydrolysis of Betacyanins 

Asolutionofthepigment(1mg)in22%HCl(1ml)washeatedat8Wfor5min. The 
hydrolysate was evaporated to dryness in vacua, and excess HCl was removed by adding a 
small amount of water to the residue and evaporating to dryness four successive times. The 
residue was @thy dissolved in water (O-5 ml) and the aglycones identi8ed by paper electro- 
phoresis @H 2-4 and 45). The remainder of the solution was applied to a small column 
(1 x l0cm)ofpolyamide,andsugarswereelutedwithwater. Theeluatewastakentodryness, 
dissolved in water (O-1 ml) and analysed for carbohydrates by chromatography. 

The solvent systems used, were n-BuOH:CHsCOOH:H20 (12:3:5), isoPrOH:HsO 
(4:1), CH$OOC2HS:CH@OH:Hz0 (14:3:3), n-PrOH:CHsCOOQHs:HsO (7:1:2) 
CHsCOO&Hs : pyridine: Hz0 (73 : 18 : 9). The sugars were detected on air-dried chromato- 
grams by aniline phosphate. 

ErlzyWlic Hydrolysi# of Betaqwlin8 

To a solution of the betacyanins in sodium acetate buffer @H 5), ahnond emulsin (1 mg 
in O-1 ml of water) was added and the mixture was kept at 37”. Electrophoretic analysis 
(pH 2.4 and 4-5) of the reaction mixture and of an enxyme-free control solution were made at 
15-min intervals during 3 hr. 
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