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A study on separation of betacyanins and their decarboxylated as well as dehydrogenated derivatives obtained from red beet roots 
(Beta vulgaris L.) in high pressure liquid chromatography (HPLC) and ion-pair high-speed counter-current chromatography 
(IP-HSCCC) was performed. Th e IP-HSCCC process was accomplished in the ‘head-to-tail’ mode in a solvent system composed 
of butanol — acetonitrile — water (5:1:6 v/v/v, acidifi ed with 0.7% trifl uoroacetic acid). Th e HPLC separation was performed 
in a typical reversed phase mode with mass spectrometry (ESI-MS) and diode-array (DAD) detection.

Th e chromatographic profi les of betalains obtained in these two techniques were signifi cantly diff erent. In HPLC, the most 
polar compounds, like betanin and isobetanin, eluted before less polar decarboxylated and dehydrogenated derivatives (mostly 
degradation products of betanin). In IP-HSCCC, the dehydrogenated derivatives were eluted faster then their non-dehydrogenated 
analogues. It was observed for the fi rst time that betanin and neobetanin (14,15-dehydrogenated betanin), which are present in 
many plants containing betalains, had reversed elution orders during chromatographic separation by these two techniques. 

Keywords and phrases: betanin, betalains, betacyanins, ion-pair counter-current chromatography, perfl uorinated carboxylic 
acids. 

Introduction
HPLC has been successfully applied to the analysis and 
separation of betalains from their natural sources. Th is 
method enabled isolation and characterization of 
currently well-known betacyanins and betaxanthins. 

High-speed counter-current chromatography 
(HSCCC) is all liquid chromatographic technique which 
found application in isolation of natural compounds 
such as carotenoids, chlorophylls, anthocyanins and 
betalains [1–3]. Liquid-liquid nature of HSCCC 
eliminates the problem of irreversible adsorption of 
sample on the supports such as silica gel or organic 
lipophilic gels (e.g. Sephadex LH-20). Th e another 
advantage of HSCCC over the conventional column 
chromatography are higher amounts of sample introduced 
into the HSCCC apparatus, shorter separation time and 
lower consumption of solvents [4].

Betalains accumulate in fruits, fl owers and in 
vegetative tissues of plants belonging to most families of 
the Caryophyllales [5]. Red beet roots (Beta vulgaris L.) 
are excellent source of natural pigments, betalains (red-
violet betacyanins and yellow betaxanthins). Th e basic 

structure units of betalains are betanidin (2S, 15S) and 
isobetanidin (2S, 15R), which are immonium conjugates 
of betalamic acid with cyclodopa. Betacyanins are 
condensation products of betalamic acid with cyclodopa 
or its O-glycosylated derivatives. Condensation of 
betalamic acid with amines or amino acids leads to 
betaxanthins. Th e betacyanin structures demonstrate 
variety of the sugar moieties. So far, the typical sugar 
monomers presented in betacyanins are: glucose, 
glucuronic acid and apiose. Moreover, esterifi cation of 
the O-glycoside with acids such as malonic, 3-hydroxy-
3-methyl-glutaric, sinapic as well as caff eic-, p-coumaric, 
and ferulic acids were confi rmed [5, 6].

Growing interest in the use of natural pigments as 
a foodstuff s combines with a rejection of many synthetic 
dyes due to their potential harmfulness [7]. Furthermore, 
it has been proven that betalains posses antioxidant and 
radical scavenging activities. It is known that they 
neutralize the free radicals, existed in oxidative process, 
which are responsible for human diseases [5]. 

Red beet root extracts (Beta vulgaris L.) are increasing-
ly utilized as natural food colorants. Th e main betacy-
anin presented in red beet root is betanin (5-O-
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glucosylated betacyanin) and its C-15 isoform, isobetanin 
[5, 7].

Application of betalains is restricted due to their 
lower stability in some physicochemical conditions such 
as elevated temperature, low pH or high water activity 
[7, 8]. As a result of low stability, betalains undergo 
degradation and transformation reactions. Betalains 
isomerize at both acidic and alkaline conditions. Th e 
isomerization was also observed during thermal treatment 
of this pigments class. Betalain degradation is pH 
dependent, the reaction being favored at low pH is 
deglycosylation, while at higher pH hydrolysis was 
reported. Th e products of the hydrolytic cleavage are the 
bright yellow betalamic acid and the colorless cyclo-
Dopa 5-O-β-glucoside. Th eoretically, betacyjanins may 
be decarboxylated at the position C-2, C-15, and C-17. 
In case of betaxanthins, decarboxylation may occur at 
C11 and C13 [7–10]. Studies on thermal degradation 
of betanin in diff erent solutions demonstrated relationship 
between the environment and products of the 
degradation. Th e main products on decarboxylation of 
betanin in ethanolic solutions are 17-decarboxy-betanin 

and its diasteroisomer whereas 2-decarboxy-betanin and 
2-decarboxy-isobetanin mainly arise in water solutions 
[7]. Betalains may undergo deprotonation under 
infl uence of thermal treatment or due to air oxidation. 
Some dehydrogenated derivatives, like neobetanin 
(14,15-dehydrobetanin), are genuine constituents of the 
plants.

In this report, the separation of betalains by 
IP-HSCCC and HPLC techniques was compared. 

Experimental
Trifl uoroacetic acid (TFA), HPLC-grade acetonitrile 
(ACN), 1-butanol (1-BuOH), methanol (MeOH) and 
HPLC-grade water were obtained from Merck 
(Darmstadt, Germany). 

For the study, freeze-dried red beet root extract was 
taken. Betalains were extracted with 500 ml 80% 
methanol from root, fi ltered and purifi ed on a preparative 
solid-phase extraction (SPE) column packed with C-18 
reversed phase material (Merck). Purifi ed extract in next 
stage was frozen and lyophilized for the preparative 

Fig. 1. Products of decarboxylation and dehydrogenation of betanin presented in red beet roots (Beta vulgaris L.).



N
at

ur
al

 S
ci

en
ce

s

21

Liquid chromatographic techniques in separation of betacyanins and their derivatives from red beet roots (Beta vulgaris L.)Liquid chromatographic techniques in separation of betacyanins and their derivatives from red beet roots (Beta vulgaris L.)

HSCCC — experiments, LC-DAD and 
LC-ESI-MS analysis. 

In ion-pair HSCCC technique solvents system 
composed of: 1 — BuOH — ACN — H2O (0.7 % 
TFA) 5:1:6 (v/v/v). Th e freeze-dried sample from red 
beet root (Beta vulgaris L.) was dissolved directly in 10 
ml of the stationary phase and in 10 ml of the mobile 
phase. Th e column was fi rst entirely fi lled with the 
stationary phase. Th e mobile phase was pumped at a fl ow 
rate 3.0 ml/min in the ‘head to tail’ direction during 
rotation of the column with speed rotation 1000 per 
minute. Th e effl  uent from the outlet of the HSCCC 
column was monitored using UV-vis detector (Knauer 
K-2501 UV detector, Berlin, Germany) and collected 
into test tubes with a fraction collector (LKB SupeRac 
2211) at 4 min intervals. 

For semipreparative HPLC isolation of pure 
compounds, a 250 x 10 mm, 10 μm Luna (18) column 
(Phenomenex, Torrance, CA) in the system: 3% A in B 
at 0 min and a gradient to 17% A in B at 40 min 
(A, acetonitrile; B, 2% formic acid in water) were used.

Analysis of all fractions were performed by HPLC-
diode array detection (DAD) and HPLC-electrospray 
ionization ESI-MS. Th e preparative HSCCC instrument 
used for the separation of betacyanins and betaxanthins 
was a multilayer coil planet J-type centrifuge model 
CCC 1000 (Pharma-Tech Research, Baltimore, MD, 
USA).

Results and Discussion
Solute repetitive partition between two immiscible 
solvent phases in the HSCCC technique is a promising 
separation and purifi cation method for natural plant 
compounds. Interaction between solute molecules and 

solid support matrix in traditional column chromato-
graphy is eliminated in HSCCC leading to high purity 
fractions with high sample recovery rate in short time 
[4, 11].

Using ion-pair high-speed counter-current chromato-
graphy is a promising technique for separation of betalain 
pigments in a larger scale for the wide use in food 
industry and pharmacy [1]. Addition of low amounts of 
TFA to the HSCCC solvents resulted in formation of 
strong, much more lipophilic, stable ion-pairs with the 
counter — ions of added agents [1, 11, 12]. Resulting 
eff ect is a decreased polarity and better solubility of the 
betalain pigments in the organic stationary phase of the 
IP-HSCCC solvent system. Th e signifi cant increase of 
hydrophobicity of betalain pigments improved the K 
partition values and retention of pigments on the 
HSCCC system [2, 3]. 

During HPLC analysis on reversed phase, the 
retention times of decarboxylated and dehydrogenated 
products are longer in comparison to their correspond-
ing betacyanins due to their lower polarity [7]. 
Surprisingly, application of ion-pair HSCCC technique 
in the ,head to tail’ mode in a solvent system composed 
of 1-butanol-acetonitrile-water (0.7% TFA) (5/1/6 v/v/v) 
resulted in diff erent chromatographic profi le. Th e 
principal very polar pigments of red beet root (Beta 
vulgaris L.) betanin and isobetanin were eluted much 
slower than their corresponding the 14,15-dehydro-
genated betanins (“neo”-derivatives). In an earlier 
investigation of betalain profi le of Hylocereus polyrhizus, 
more hydrophilic com pounds were eluted much faster 
than their corresponding acylated derivatives. Th e 
diff erence in polarity of these compounds made complete 
separation of betanin from its acylated derivatives 
possible [3, 7]. 

Fig. 2. Chromatographic profi les of betalains from red beet (Beta vulgaris L.) separated by IP-HSCCC.
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Table 1. Chromatographic, spectrophotometric and mass 
spectrometric data of betalains in heated purifi ed betacyanin 
fractions from red beet root (Beta vulgaris L.) [7, 13].

No. Compound Rt
[min]

λmax

[nm]
m/z

[M+H]+

1 betanin 10.2 538 551
2 neobetanin 12.6 488 549
3 17-decarboxy-betanin 10.5 505 507

4 2,3-dehydro-17-
decarboxy-neobetanin 14.0 451 417

5 2,3-dehydro-2,15,17-
tridecarboxy-neobetanin 14.3 490 505

Th is phenomenon was expressed especially by very 
fast elution of neobetanin in HSCCC which was eluted 
later than betanin in C18-HPLC even with additions 
of TFA to the mobile phases [12]. Moreover, the presence 
of 2,3-dihydro-2,15,17-tridecarboxy-neobetanin in early 
fractions is surprising due to its signifi cant hydrophobi-
city. Th e results suggest that the formation of ion-
-pairs between the non-dehydrogenated betanins and 
TFA anions is much stronger than in the case of 
dehydrogenated pigments leading to much lower 
retention of dehydro genated analogues in the HSCCC 
system.

Conclusions
Application of IP-HSCCC or HPLC results in diff erent 
separation profi les of betacyanins and their derivatives. 
In HPLC it was reported that more polar compounds, 
betanin and isobetanin, eluted faster that their less polar 
analogues (the acylated, decarboxylated and 
dehydrogenated derivatives). 

Th e use of low concentration of trifl uoroacetic acid 
as ion-pair forming additive to the HSCCC solvent 
system changed the betalainic chromatographic profi les. 
Surprisingly, less polar compounds were eluted faster 
than more polar betanin. Th is probably was a result of 
stronger interaction of TFA with betacyanins than with 
their dehydrogenated derivatives.

In this study, a faster elution of neobetanin than 
betanin has been observed for the fi rst time. A com-
bination of the IP-HSCCC and HPLC techniques 
creates a possibility of effi  cient isolation of these valuable 
pigments. 

Th is research was fi nanced in part by Polish Ministry of 
Science and Higher Education for years 2007–2010 
(Project No. N205 2991 33).
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