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INTRODUCTION

The widely described health benefi ts of red beet root (Beta 
vulgaris L.) have led to increased scientifi c and consumer in-
terest in this vegetable [Chhikara et al., 2019; Clifford et al., 
2015; Nemzer et al., 2011]. Red beet is rich in several bioactive 
compounds which can be useful in the treatment of many dis-
eases, such as hypertension, atherosclerosis, type 2 diabetes, 
and dementia [Clifford et al., 2015; Nemzer et al., 2011].

Beet root is a rich source of highly bioactive saponins 
which are associated with haemolytic [Voutquenne et al., 
2003]; molluscicidal [Huang et al., 2003]; anti-infl ammatory 
[da Silva et al., 2002]; antifungal, anti-yeast activity, and an-
tibacterial [de Lucca et al., 2002]; as well as with antiparasitic 
activity [Traore et al., 2000]. They exhibit also cytotoxic, an-
titumoric [González et al., 2003], and antiviral effects [Gosse 
et al., 2002].

Saponins are divided into two groups: steroidal saponins 
and triterpenoid saponins. Some authors distinguish a third 
group called steroidal amines or steroidal alkaloids [Bru-
neton, 1995]. Triterpenoid saponins are a common group 
of saponins consisting of a triterpenoid aglycone contain-
ing 30 carbon atoms and comprising a pentacyclic struc-
ture [Sparg et al., 2004]. Triterpene saponins are glycosides 
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containing one or two sugar chains connected via an ester 
to C-28 or ether to C-3. According to the literature, hexoses, 
pentoses, 6-deoxyhexoses, and uronic acids are primary sugar 
units in triterpene saponins. Moreover, the uronic acid moiety 
is bonded only to C-3 [Mikołajczyk-Bator et al., 2016; Yo-
shikawa et al., 1996, 1998]. So far , oleanolic as well as heder-
agenin, akebonoic, and gypsogenin aglycones were identifi ed 
in red beet roots [Mikołajczyk-Bator et al., 2016]. 

The profi le of triterpenoid saponins in the roots of red 
beet cv. Red Sphere (Beta vulgaris L.) was previously studied 
using reversed liquid chromatography and mass spectrometry 
by Mroczek et al. [2012, 2019] and 13 saponins have been 
described wherein 11 compounds contained oleanolic ac-
ids aglycone. Another research on saponins in red beet root 
cv. Nochowski was that by Mikołajczyk-Bator et al. [2016], 
wherein 44 saponins were characterized, including 22 com-
pounds that were described for the fi rst time ever. Moreover, 
27 saponins, which contained oleanolic acids aglycone, were 
identifi ed using the LC-MS/MS/MS technique.

The structural characterisation of triterpenoid saponins 
in the roots of red beet is very diffi cult and time-consuming 
due to the complexity of the matrix [Mikołajczyk-Bator et al., 
2016; Mroczek et al., 2012, 2019], therefore, fractionation 
of the crude samples enables faster and more accurate iden-
tifi cation of signifi cantly preconcentrated saponins [Thakur 
et al., 2014]. High-speed counter-current chromatography 
is a very important technique in the separation of natural 
plant compounds [Jerz et al., 2008, 2010; Spórna-Kucab 
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et al., 2019; Wybraniec et al., 2009, 2010] which enables sub-
sequent identifi cation of new structures of target compounds 
[Choi et al., 2015; Figueiredo et al., 2017]. Moreover, HSCCC 
is perceived as a rapid and convenient technique for the isola-
tion of saponins [Thakur et al., 2014]. Additionally, it is worth 
noting that during HSCCC separations, no loss of target 
compounds arising from their irreversible adsorption onto 
the solid matrix is observed, often taking place in the conven-
tional liquid chromatography, because mobile and stationary 
phases are liquids [Spórna-Kucab et al., 2013a, 2015; 2016; 
2018a,b]. 

In this stu dy, a crude saponin mixture from Beta  vulgaris L. 
cv. Red Sphere was separated for the fi rst time by semi-
-preparative HSCCC in a new solvent system. The HSCCC 
technique enabled the identifi cation of new saponins in Beta 
vulgaris L. cv. Red Sphere. 

MATERIALS AND METHODS

Plant material and reagents
Red beet roots (Beta vulgaris L.) of cv. Red Sphere were 

purchased from a local market in Cracow in June 2019. 
The roots were grounded and forthwith extracted.

For the HSCCC experiments and for analytes extrac-
tion, HPLC-grade butanol (BuOH), tert-butylmethylether 
(TBME), acetonitrile (ACN), and ethanol (EtOH) were 
obtained from Avantor Performance Materials Poland S.A. 
(Gliwice, Poland). LC-MS grade acetonitrile and formic acid 
(purity 98%) were obtained from Sigma-Aldrich (St. Louis, 
United States).

Crude pigment extracts
Fresh and grounded in a blender (thermomix, Vorwerk, 

Wuppertal, Germany) roots from Beta vulgaris L. cv. Red 
Sphere (1.5 kg) were extracted by maceration three times 
for 1 h, using 1 L of 80% ethanol each time. The extract ob-
tained was fi ltered and pre-concentrated by a rotary evapo-
rator (Heidolph, Schwabach, Germany) at 25°C to 100 mL 
under reduced pressure. Then, the extract was loaded into 
an RP-C18 cartridge pre-conditioned with ethanol and water. 
The cartridge was washed with water and then with 10%, 20%, 
50%, and 100% ethanol. The eluates were pre-concentrated 
by a rotary evaporator at 25°C and freeze-dried. The elu-
ates obtained were monitored by LC-DAD-ESI-MS/MS. Fi-
nally, 196.6 mg of saponins were eluted with 50% ethanol 
and 115.4 mg of saponins with 100% ethanol.

HSCCC separati on
The separation of saponins (Table 1) was accomplished 

on a semi-preparative AECS QuikPrep HSCCC J-type hy-
drodynamic chromatograph (London, United Kingdom) with 
121 mL capacity and 2.0 mm i.d.. 

A new biphasic system consisting of TBME-BuOH-ACN-
-H2O (1:2:1:5, v/v/v/v) was prepared for the HSCCC run. 
The solvent system was prepared in a separating funnel. Re-
quired volumes of solvents were mixed in a separating fun-
nel. Then, the two phases for the HSCCC separation were 
divided shortly before use and degassed by ultrasonication 
for 10 min. The upper organic phase was used as the station-

ary phase and the lower aqueous phase as the mobile phase 
in the ‘head-to-tail’ mode. Per defi nition, this mode of separa-
tion is named reversed-phase comparable to C18-HPLC also 
using the aqueous phase as the eluting solvent phase [Spór-
na-Kucab et al., 2019; Wybraniec et al., 2010]. 

The HSCCC column was entirely fi lled with the upper 
phase (stationary phase). The rotation of the HSCCC instru-
ment was started at 860 rpm. Then, the lower aqueous phase 
(mobile phase) was pumped at a fl ow rate of 3.0 mL/min 
(K-501 pump, Knauer, Berlin, Germany).

After column equilibration, the sample solution was in-
jected by an injection valve. This solution was prepared 
by dissolving 300 mg of the extract in 4 mL of the lower phase. 
The effl uent from the column was continuously monitored 
with a UV-Vis detector at 210 nm (Knauer). Twelve fractions 
were collected in a fraction collector (Foxy Jr., Knauer) at 
2-min intervals and then analysed by LC-DAD-ESI-MS/MS 
(Figures 1–3). The HSCCC fractions were weighed after their 
pre-concentration on a rotary evaporator at 25°C and freeze-
-drying.

LC-DAD-ESI-MS/MS  analysis
The eluates from the RP-C18 cartridge as well as a crude 

extract (Figure 1) and the HSCCC fractions (Figures 2 and 3) 
were analysed by LC-DAD-ESI-MS/MS using an LCMS-
-8030 mass spectrometric system coupled to an LC-20ADXR 
pump with a gradient elution mode at 40ºC in the acetonitrile 
(A) and 2% aqueous formic acid (B) system: 5% A in B at 
0 min, a gradient to 60% A in B at 12 min, then 80% A in B at 
15 min. The injection volume was 5 μL and the fl ow rate was 
0.5 mL/min. LC-DAD-ESI-MS/MS analyses were conducted 
on a 100 mm × 4.6 mm I.D., 5.0 μm Kinetex C18 chromato-
graphic column from Phenomenex (Torrance, United States).

The LC-MS/MS system was controlled with LabSo-
lutions software (Shimadzu, Japan), which was operated 
in a negative mode, at electrospray voltage of 4.5 kV, capillary 
temp. of 250°C, and N2 used as the sheath gas. Scan range 
was from m/z 100 to 2000. Argon was used to improve trap-
ping effi ciency and as the collision gas for CID experiments. 
The collision energy for MS analyses was set at 50 V.

RESULTS AND DISCUSSION

MS/MS analysis of saponins
The fi rst study by Mroczek et al. [2012, 2019] on B. vul-

garis L. cv. Red Sphere reported thirteen saponins with pen-
tose and hexose substituents. Another research on saponins 
in B. vulgaris L. cv. Nochowski conducted by Mikołajczyk-
-Bator et al. [2016] revealed 27 acetal-, dioxolane- as well as 
pentose/hexose-type saponins.

In this study, the MS/MS analysis of the crude extract 
of Beta vulgaris L. (Figure 1) revealed the presence of thirteen 
acetal-, dioxolane- as well as pentose/hexose-type saponins. 
All of the identifi ed saponins and their MS/MS data are listed 
in Table 1. 

The saponins detected in our research are derivatives 
of oleanolic acid. The MS/MS data show the presence of fi ve 
acetal- and two dioxolane-type substituents, which have been 
never described in B. vulgaris L. cv. Red Sphere. These types 
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of compounds were found by Mikołajczyk-Bator [2016] in
B. vulgaris L. cv. Nochowski. 

Fragmentation of saponins with oleanolic acid as 
the aglycone leads to yielding the daughter ion [M-H]- at 
m/z 631 which corresponds to hexuronic acid-oleanolic 
acid. The simplest saponin with the pseudomolecular ion 
[M-H]- at m/z 631 (peak 13 with tR = 17.1 min) was iden-
tifi ed in the studied B. vulgaris L. extract. As expected, this 
compound (13, HexUA-oleanolic acid) fragmented to 
m/z 455 which corresponded to oleanolic acid. HexUA-ole-
anolic acid was previously identifi ed in the B. vulgaris L. cv. 
Red Sphere [Mroczek et al., 2012, 2019]. 

The peak 12 (tR = 17.1 min) corresponded to the com-
pound which exhibited the pseudomolecular ion [M-H]- at 
m/z 763. The fragmentation of this compound (12) yielded 
daughter ions at m/z 631 and 455 because of the losses of pen-
tose (132 Da) and hexuronic acid (176 Da), and therefore 
compound 12 was identifi ed as Pen-HexUA-oleanolic acid. 

Compound 12 was previously identifi ed in the B. vulgaris 
L. cultivars Red Sphere and Nochowski [Mikołajczyk-Bator 
et al., 2016; Mroczek et al., 2012, 2019].

Peaks 8 (tR = 14.1 min) and 11 (tR = 16.7 min) correspond-
ed to compounds with the identical pseudomolecular ions 
[M-H]- at m/z 793 and aglycone ions at m/z 455 which corre-
spond to oleanolic acid. The fragmentation of the pseudomo-
lecular ion [M-H]- at m/z 793 for compound 8 yielded daugh-
ter ions at m/z 631 and 455 because of the losses of 162 Da 
and 176 Da, confi rming the presence of hexose and hexuronic 
acid. Finally, compound 8 was identifi ed as Hex-HexUA-olea-
nolic acid. However, the fragmentation of compound 11 with 
the same pseudomolecular ion [M-H]- at m/z 793 resulted 
in the formation of daughter ions at m/z 673 and 631, indicat-
ing the loss of 120 Da and 162 Da characteristic for the ac-
etal-type substituent; and this compound can be assigned to 
Act-HexUA-oleanolic acid. The research of saponins profi le 
in the B. vulgaris L. cv. Red Sphere did not reveal the pres-
ence of compound 11 [Mroczek et al., 2012, 2019] but this 
compound was previously observed in the B. vulgaris L. cv. 
Nochowski [Mikołajczyk-Bator et al., 2016]. The structure 
of compound 11 was determined by Yoshikawa et al. [1996] 
who named this saponin betavulgaroside IV.

The identical pseudomolecular ions [M-H]- at m/z 925 
were ascribed to peaks 5 (tR = 13.3 min) and 10 (tR = 15.8 min). 
These saponins consisted of the same aglycone ion at m/z 455, 
corresponding to oleanolic acid. Moreover, the daughter ions 
at m/z 631 and 793 (losses of pentose (132 Da) and hex-
ose (162 Da), respectively) were observed for both saponins. 
The compounds 5 and 10 (Pen-Hex-HexUA-oleanolic ac-
ids) were previously identifi ed in B. vulgaris L. cv. Red Sphere 
[Mroczek et al., 2012, 2019]. 

Peaks 4 (tR = 13.3 min) and 7 (tR = 13.6 min) corresponded 
to compounds which revealed pseudomolecular ion [M-H]- 

FIGURE 1. ESI-MS chromatogram of saponins from B. vulgaris L. cul-
tivar Red Sphere extract.

TABLE 1. Saponins tentatively identifi ed by negative ion ESI-MS/MS in B. vulgaris L. cultivar Red Sphere.

No. Saponin structure tR [min] m/z [M-H]- m/z from MS/MS of [M-H]-

1 HexUA-Hex-HexUA-oleanolic acid* 12.5 969 unknown

2 Act-Hex-Hex-HexUA-oleanolic acid 12.5  1117 997;955;835;793;631;455

3 Act-Hex-Pen-HexUA-oleanolic acid 12.8  1087 967;925;763;631;455

4 Diox-Hex-HexUA-oleanolic acid 13.3 953 909;793;631;455

5 Pen-Hex-HexUA-oleanolic acid 13.3 925 793;631;455

6 Act-Hex-HexUA-oleanolic acid 13.5 955 835;793;673;631;455

7 Diox-Hex-HexUA-oleanolic acid 13.6 953 909;793;631;455

8 Hex-HexUA-oleanolic acid 14.1 793 631;455

9 Act-Hex-HexUA-oleanolic acid 15.4 955 835;793;673;631;455

10 Pen-Hex-HexUA-oleanolic acid 15.8 925 793;631;455

11 Act-HexUA-oleanolic acid 16.7 793 673;631;455

12 Pen-HexUA-oleanolic acid 17.1 763 631;455

13 HexUA-oleanolic acid 17.1 631 455

*proposed structure Hex – hexose; Pen – pentose; HexUA – hexuronic acid; Act – acetal substituent; Diox – dioxolane substituent.
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at m/z 953 and fragment ions at m/z 909, 793, 631, and 455. 
These compounds were characterised for the fi rst time in
B. vulgaris L. cv. Red Sphere. The fragmentation of the [M-H]- 

primarily yielded daughter ions at m/z 909 and 793 because 
of the loss of CO2 and a dioxolane-type substituent, respec-
tively. The MS/MS data exhibited additionally daughter ions at 
m/z 631 and 455, being characteristic for hexuronic acid-olea-
nolic acid and oleanolic acid. These two compounds were iden-
tifi ed as Diox-Hex-HexUA-oleanolic acids. It is worth noting 
that saponins with dioxolane-type substituents were detected in 
B. vulgaris L. cv. Red Sphere for the fi rst time ever, but this type 
of the structure was determined by Yoshikawa et al. [1996] who 
named it betavulgaroside I. The compounds 6 and 9 with tR 
13.5 and 15.4 min, respectively, exhibited identical [M-H]- ions 
at m/z 955, which corresponded to acetal-type substituent sa-
ponins because of the loss of 120 Da (daughter ion at m/z 835) 
and 162 Da (daughter ion at m/z 793) during fragmentation. 
The daughter ion at m/z 835 was not noticed during the frag-
mentation of compounds 6 and 9 identifi ed by Mroczek et al. 
[2019] in B. vulgaris L. cv. Red Sphere. These acetal-saponins 
(compounds 6 and 9) were also identifi ed by Mikołajczyk-Bator 
et al. [2016] in B. vulgaris L. cv. Nochowski. Based on the MS/MS 
fragmentation of compound 6 and 9 as well as previous MS/MS 
data [Mikołajczyk-Bator et al., 2016], it can be deduced that 
these molecules consisted of aglycone ion at m/z 455 – oleano-
lic acid as well as acetal-type substituent, hexose and hexuronic 
acid. Taking into account the above elucidations, compounds 
6 and 9 were designated as Act-Hex-HexUA-oleanolic acid.

Peak 1 (tR = 12.5 min) corresponding to the compound 
revealing the pseudomolecular ion [M-H]- at m/z 969 was 
tentatively identifi ed as hexuronic acid-hexose-hexuronic acid 
derivative of oleanolic acid (HexUA-Hex-HexUA-oleanolic 

acids). The concentration of compound 1 was not suffi cient 
to identify daughter ions. Mikołajczyk-Bator et al. [2016] 
identifi ed presumably identical saponin in B. vulgaris L. cv. 
Nochowski. The elution of compound 1 in further HSCCC 
fractions indicates that it is not an acetal-type saponin, be-
cause such saponins are eluted in early fractions. 

The compound 3 (tR = 12.8 min) was characterised 
by the pseudomolecular ion [M-H]- at m/z 1087 and frag-
ment ions at m/z 967, 925, 763, 631, and 455. The frag-
mentation of compound 3 resulted in the formation of pri-
mary daughter ions at m/z 967 and 925 because of the loss 
of 120 Da and 162 Da (cleavage and loss of the acetyl-type 
substituent, respectively). The presence of the daughter ions 
at m/z 763 and 631 indicated the loss of the hexose and pen-

TABLE 2. Saponin distribution in the recovered HSCCC fractions obtained from B. vulgaris L. cultivar Red Sphere extract.

No. m/z [M-H]-
Relative content of pigments (%)* Total HPLC 

peak area (×10–5)1 2 3 4 5 6 7 8 9 10 11 12

1 969 60.7 26.4 12.9 0.9

2 1117 80.3 19.7 37.8

3 1087 86.7 13.3 33.8

4 953 71.7 28.3 30.1

5 925 30.0 41.0 29.0 20.2

6 955 0.8 78.0 21.2 294.8

7 953 54.6 45.4 36.6

8 793 14.3 71.4 14.3 7.0

9 955 10.0 63.3 26.7 53.1

10 925 59.4 24.2 16.4 44.4

11 793 8.0 68.0 11.0 13.0 104.6

12 763 12.0 13.2 18.0 48.1 8.7 19.4

13 631     12.6 12.9 74.5      3.5

Fraction mass (mg) 30.3 94.2 55.2 31.2 30.9 6.0 6.6 3.0 1.5 0.9 0.9 0.6

*analysed by LC-MS.

FIGURE 2. HSCCC chromatogram of B. vulgaris L. cultivar Red 
Sphere extract (300 mg) separated into 12 fractions in a solvent system: 
TBME-BuOH-ACN-H2O (1:2:1:5, v/v/v/v) at a fl ow rate of 3.0 mL/min 
in the head-to-tail mode; velocity 860 rpm; optical detection at a wave-
length of 210 nm.
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tose from the structure of compound 3. Finally, this com-
pound was identifi ed as Act-Hex-Pen-HexUA-oleanolic acid. 
Compound 3, named as betavulgaroside IX, was identifi ed 
for the fi rst time by Yoshikawa et al. [1996]. Betavulgaroside 
IX was only identifi ed in Nochowski cv. by Mikołajczyk-Bator 
et al. [2016]. 

The MS spectra of the compound tR = 12.5 min the pseu-
domolecular ion [M-H]- at m/z 1117 which fragmented into 
ions at m/z 997, 955, 835, 793, 631, and 455, indicated the pres-
ence of saponin with acetal-type substituent. The fragmenta-
tion of this compound (2) resulted in the formation of primary 
daughter ions at m/z 997 and 955 (losses of 120 and 162 Da) 

corresponding to the cleavage and loss of the acetal-type 
substituent, respectively. The presence of the daughter ions 
at m/z 793 and 631 indicated the loss of the two hexoses 
from the structure of compound 2. The daughter ions at 
m/z 631 and 455 confi rmed the presence of hexuronic acid-
-oleanolic acid and oleanolic acid, respectively. Taking into 
account the above elucidations, compound 2 was identifi ed 
as Act-Hex-Hex-HexUA-oleanolic acid. The compound 2 has 
been never identifi ed in B. vulgaris L. cv. Red Sphere but was 
identifi ed in Nochowski cv. by Mikołajczyk-Bator et al. [2016]. 
Moreover, compound 2 was thoroughly described using NMR 
by Yoshikawa et al. [1996] who named it betavulgaroside V.

FIGURE 3. ESI-MS chromatograms of saponins analysed in the fractions (1–12) separated from the extract of B. vulgaris L. cultivar Red Sphere 
by HSCCC.
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HSCCC separation of saponins
The crude extract (300 mg) was  fractionated 

by the HSCCC technique and 12 fractions were collected 
and analysed by LC-DAD-ESI-MS/MS analysis (Table 2, 
Figures 1–3). 

The HSCCC separation monitored at 210 nm (Figure 2) 
was realized in a new solvent system TBME-BuOH-ACN-H2O 
(1:2:1:5, v/v/v/v) in a head-to-tail mode which corresponds 
to the reversed-phase mode in HPLC. Saponins were pre-
viously separated by HSCCC technique in a solvent system 
TBME-BuOH-ACN-H2O (1:3:1:5, v/v/v/v) showing retention 
of the stationary phase amounting to 35% [Thakur et al., 
2014], therefore, a new solvent system with higher retention 
was prepared. After the separation in the new solvent system, 
the retaining amount of stationary phase in the coil-system
was calculated to be 47%. Elution order and separation ef-
fectiveness of saponins in the HSCCC and the C18 reversed-
-phase HPLC were compared in order to demonstrate 
the complementarity of these techniques. 

The most polar HexUA-Hex-HexUA-oleanolic acid (1) with 
the pseudomolecular ion [M-H]- at m/z 969 was eluted in frac-
tions 8–10 and it was completely separated from Act-Hex-
-Hex-HexUA-oleanolic acid (2) with the pseudomolecular ion 
at m/z 1117. Separation of compounds 1 and 2 was not pos-
sible in the HPLC system applied due to their identical retention 
times, therefore, HSCCC allowed for their complete separation. 

Likewise, compounds Act-Hex-Hex-HexUA-oleanolic 
acid (2) and Act-Hex-Pen-HexUA-oleanolic acid (3) differed 
by their elution profi les in the HPLC and HSCCC technique. 
Compound 2 ([M-H]- at m/z 1117) and compound 3 ([M-H]- 

at m/z 1087) differed by one sugar moiety. Compound 2 with 
hexose in the structure as eluted later in the HSCCC than 
compound 3 with pentose. Different elution profi les of com-
pounds 2 and 3 in the HPLC and the HSCCC mad their 
complete separation feasible. 

Similar structures for Diox-Hex-HexUA-oleanolic acid 
(4) ([M-H]- at m/z 953) and Pen-Hex-HexUA-oleanolic acid 
(5) ([M-H]- at m/z 925) presumably contributed to their co-
elution in the HPLC system. Compound 4 consisted of di-
oxolane-type substituent, whereas compound 5 consisted 
of a pentose. The elution order of compounds 4 and 5 was 
identical in the HPLC and the HSCCC but the HSCCC tech-
nique enabled their quite effective separation. 

A complete separation of Pen-Hex-HexUA-oleanolic acid 
(5) ([M-H]- at m/z 925) and Act-Hex-HexUA-oleanolic acid 
(6) ([M-H]- at m/z 955) was observed in spite of their similar 
chromatographic properties indicated in the C18-HPLC sys-
tem. The difference in the structure consists in the presence 
of the acetal-type substituent in compound 6 instead of pen-
tose in compound 5. The presence of the acetal-type substitu-
ent presumably contributed to the faster elution of compound 
6 in comparison to compound 5 in the HSCCC system. Simi-
larly, the separation of the compounds 5 and 6 by HSCCC 
and HPLC also proves the complementarity of the two sepa-
ration systems.

The principal compound present in the extract, Act-Hex-
-HexUA-oleanolic acid (6) ([M-H]– at m/z 955), differed from 
Diox-Hex-HexUA-oleanolic acid (4) and Diox-Hex-Hex-
UA-oleanolic acid (7) ([M-H]– at m/z 953) by the presence 

of acetal-type substituent in compound 6 instead of dioxo-
lane-type substituent in compound 4 and 7. The differences 
in the structures translated into their properties during sepa-
ration by the HSCCC technique. Acetal-type saponin (Act-
Hex-HexUA-oleanolic acid, compound 6) was eluted faster 
than Diox-Hex-HexUA-oleanolic acid (compounds 4 and 7).

Separation of Hex-HexUA-oleanolic acid (8) ([M-H]- 

at m/z 793) which was present mainly in the fractions 
11 and 12 was very effective. This saponin only partially co-
eluted with HexUA-Hex-HexUA-oleanolic acid in fraction 
10 in the HSCCC. 

Act-Hex-HexUA-oleanolic acid (9) ([M-H]- at m/z 955) 
and Pen-Hex-HexUA-oleanolic acid (10) ([M-H]- at m/z 925), 
similarly to compounds 5 and 6, were completely separated 
by the HSCCC according to differences in their structures 
(acetal-type substituent and pentose, respectively). Similari-
ties can also be seen in the elution order. 

Furthermore, comparison of the elution order of 
Act-HexUA-oleanolic acid (11) ([M-H]- at m/z 793) and
Pen-HexUA-oleanolic acid (12) ([M-H]- at m/z 763) confi rmed 
that the acetal-type saponins are eluted faster in the HSCCC 
system than the pentose-type saponins. Because compounds 
11 and 12 are closely related, their complete separation 
by HSCCC was impossible. The separation of these saponins 
could be feasible in highly polar solvent systems with salts 
[Spórna-Kucab et al., 2013a]. 

HexUA-oleanolic acid (13) ([M-H]- at m/z 631), eluted as 
the last saponin in the HPLC, was not completely separated 
by the HSCCC technique but its different elution profi les 
in the HPLC and the HSCCC systems afford the possibility 
for its recovery using both techniques. 

CONCLUSION

In this study, separation of saponins from B. vulgaris L., 
cultivar Red Sphere, has been realized for the fi rst time using 
high-speed counter-current chromatography in a new solvent 
system consisting of tert-butyl-methyl ether-butanol-aceto-
nitrile-water. The previously described [Thakur et al., 2014] 
solvent system for the separation of saponins by the HSCCC 
had much lower retention of the stationary phase, there-
fore, the new solvent system had been prepared. Separation 
and concentration of the compounds during the HSCCC pro-
cess enabled tentative identifi cation of 13 saponins by MS/MS 
technique. Nine saponins were detected for the fi rst time 
in B. vulgaris L. cv. Red Sphere. Additionally, saponin with 
the pseudomolecular ion [M-H]- at m/z 969 has been tenta-
tively identifi ed for the fi rst time and its possible structure has 
been proposed. 

Analysis of the saponin elution order showed some ten-
dencies. Acetal-type saponins were eluted faster than pen-
tose/hexose-type saponins as well as dioxolane-type sapo-
nins. Moreover, the saponins differed in the elution order 
in the HPLC and HSCCC systems, therefore, their elution 
in HSCCC is rather dependent on the steric conditions than 
on polarity. The combination of the HPLC and HSCCC re-
sults in complementary elution orders and makes them a very 
versatile tool for the isolation of saponins which may open 
up the possibility of utilizing these compounds commercially. 
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