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Beta vulgaris L. is an important source of bioactive saponins — a group of secondary metabolites — that have spurred a growing interest due to their
health-promoting properties. This study aimed to gain information on triterpene saponin profile of the peel and flesh of white, yellow and red beet of six
cultivars — Snow Ball, Boldor, Ceryl, Chrobry, Forono and Tytus — harvested in Poland, in the same region. Twenty four saponins with oleanolic acid,
hederagenin, akebonoic acid and gypsogenin as aglycons were identified and quantified by liquid chromatography/tandem mass spectrometry (LC-
-ESI-MS/MS). Among them, betavulgaroside I, II, Il and IV were the major compounds, but the quantitative profile of saponins was found to be de-
pendent on beet cultivar and root part, respectively. The highest content of saponins was found in the peel of yellow B. vulgaris Boldor (20812 mg/kg
fresh weight, fw), while the lowest saponin content was determined in the flesh of white B. vulgaris Snow Ball (497 mg/kg fw). In addition, the total
saponin content in peel and flesh in yellow beet (26054 mg/kg fw) was much higher than the total content in peel and flesh in red beet Tytus (8364 mg/kg

fw) and white beet Snow Ball (1204 mg/kg fw). This is the first report on the profile of saponins in white and yellow beets.

INTRODUCTION

Beetroot (Beta vulgaris L.) belongs to Chenopodiaceae
family and has several varieties ranging from the white to
yellow and red [Barta et al., 2020]. B. vulgaris is a vegetable
consumed worldwide due to its health benefits. It can be eaten
as raw, boiled, steamed and roasted [Kavalcova ef al., 2015].
Many studies confirm that the consumption of this veg-
etable helps protect against several diseases due to the pres-
ence of compounds implicated in numerous health benefits
[Chhikara er al., 2019; Clifford et al., 2015]. These bioac-
tive compounds include betalains [Pietrzkowski et al., 2010;
Wybraniec ef al., 2011], carotenoids, polyphenols (including
flavonoids) [Chhikara e al., 2019], inorganic nitrate [dos
Santos Baiao et al., 2021; Lidder & Webb, 2013] and sapo-
nins [Mikotajczyk-Bator ef al., 2016; Sparg et al., 2004].

Saponins are natural glycosides that are known for their
physicochemical (biosurfactant) properties and biological
activities; therefore, they are commercially significant com-
pounds with applications in the food, cosmetic and phar-
maceutical industries [Giiglii-Ustiindag & Mazza, 2007; Rai
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etal.,2021]. Arecent study has indicated multiple and complex
activities of triterpene saponins, including anti-inflammatory,
anti-bacterial, anti-allergic, hepatoprotective and anti-tumor
ones; therefore, foods rich in saponins may reduce the risk
of development of selected diseases [Fang et al., 2020].

Due to the considerable application potential of saponins,
in recent years there has been a significant increase in research
on these compounds in terms of their uses as eco-friendly,
biodegradable biosurfactants [Muhammad & Khan, 2018;
Schmitt e al., 2014] and pharmaceuticals [Mbaveng et al.,
2018; Xu et al., 2018]. Beetroot, as a readily available and in-
expensive vegetable, appears to be a good source of saponins
[Mroczek et al., 2012; Spérna-Kucab & Wybraniec, 2020].
Triterpene saponins present in Beta vulgaris L. are complex
molecules consisting of the aglycone — hederagenin, akebono-
ic acid, oleanolic acid or gypsogenin coupled to sugar chain
units. The number/type of sugars and different possibilities
of sugar chain composition cause great natural diversity
of saponin structures in Beta vulgaris L. [Mikofajczyk-Bator
etal., 2016]. The glycosidic bond is present between the agly-
cone and one (monodesmoside) or two (didesmoside) sugar

Submitted: 31 January 2022
Accepted: 28 April 2022
Published on-line: 6 June 2022

© Copyright by Institute of Animal Reproduction and Food Research of the Polish Academy of Sciences
@ © 2022 Author(s). This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs License
(

).


http://creativecommons.org/licenses/by-nc-nd/3.0/
http://journal.pan.olsztyn.pl
https://orcid.org/0000-0002-6653-3702
https://orcid.org/0000-0003-1147-9136
https://orcid.org/0000-0002-9313-5929
https://orcid.org/0000-0002-2812-5046
https://orcid.org/0000-0002-5317-1597
https://orcid.org/0000-0002-1263-4188
mailto:aneta.sporna-kucab%40pk.edu.pl%20?subject=

160

Pol. J. Food Nutr. Sci., 2022, 72(2), 159-170

chains at C-28 (via an ester) or C-3 (via an ether). The glycone
can consist of hexoses, pentoses, 6-deoxyhexoses and uronic
acids [Mikotajczyk-Bator et al., 2016].

Saponins are present in the leaves and roots of Beta vul-
garis L. [Mroczek et al., 2019] and were found in the roots
of red beet cultivars [Mikotajczyk-Bator et al., 2016; Mroczek
et al., 2019] as well as in the sugar beets. Beetroot varieties
differ in terms of their profile and content. Moreover, the dif-
ferences in the content of saponins are also noticed in roots
and leaves of the same variety [Edelmann et al., 2020].

White and yellow beet saponins have never been studied
so far, which might be due to the low availability of these va-
rieties compared to red beet. Thus, for a comprehensive char-
acterization of the composition of triterpene saponins, their
accurate profiles were studied in selected red (Ceryl, Chrobry,
Forono, Tytus) as well as yellow (Boldor) and white (Snow
Ball) varieties harvested in Poland.

MATERIALS AND METHODS

Sample materials

Red, yellow and white B. vuigaris cultivars — Ceryl, Chrobry,
Forono, Tytus, Boldor and Snow Ball, were collected in Poland.
The red cultivars (Ceryl, Chrobry, Forono, Tytus) were harvest-
ed from Spdjnia company (Nochowo, Poland) and the yellow
cultivar from Bejo company (Ozaréw Mazowiecki, Poland)
in September 2019. The seeds of white cultivar were harvested
from Torseed company (Toru, Polska) and grown in Septem-
ber 2021. The fresh roots were washed under running water
and peeled out to obtain the peel and flesh for further quan-
titative and qualitative analyses of saponins. Individual plant
parts, the peel and flesh of studied B. vulgaris cultivars, were
weighed before extraction and stored in a freezer.

Solvents and reference compounds

Respective standards from a previous study on B. vulgaris
(Red Sphere cultivar) were used for the saponin identification
[Sporna-Kucab & Wybraniec, 2020]. Ethanol was purchased
from Avantor Performance Materials Poland S.A. (Gliwice,
Poland). LC-MS-grade acetonitrile and formic acid (purity
>98%) were obtained from Sigma-Aldrich (Saint Louis, MO,
USA). Oleanolic acid standard was purchased from Sigma-
-Aldrich. All chemicals and solvents were of analytical grade
and used as received. Water utilized throughout the experi-
ments with a resistivity of 18.0 mQ/cm at 21°C was deion-
ized in a Milli-Q purification system (Merck, Darmstadt,
Germany).

Sample extraction

A 100-g portion of each peel or flesh was extracted with
300 mL of 80% (v/v) ethanol by ultrasound-assisted macer-
ation for 30 min. The procedure was repeated three times,
and each time extracts were combined, partially concentrated
at 25°C under reduced pressure and freeze-dried. Finally,
the freeze-dried extracts were weighed and used for further
studies on the quantitative and qualitative profile of saponins
by liquid chromatography electrospray ionization tandem
mass spectrometry (LC-ESI-MS/MS) system.

LC-MS - instrumentation and conditions

Qualitative and quantitative analyses were performed
by high-performance liquid chromatography and electro-
-spray ionization mass spectrometry (LC-ESI-MS/MS) using
an LCMS-8030 system (Shimadzu, Kyoto, Japan). The LC
system consisted of a SIL-20ACXR autosampler, a degasser,
and a Nexera LC-20ADXR binary pump equipped with
a gradient controller. LC separation was performed using
a 100x4.6 mm, 5.0 um Kinetex C , chromatography column
(Phenomenex, Torrance, CA, USA) protected by a 4x2 mm
guard column of the same material (Phenomenex) and ther-
mostated at 40°C. LabSolutions software version 5.91 SP1 was
used for data acquisition in LC -ESI-MS/MS.

In the LC system, the mobile phase was composed of ace-
tonitrile (A) and 2% (v/v) aqueous formic acid (B). The flow
rate was kept constant at 0.5 mL/min. Oleanolic acid and ex-
tracts were analyzed in different gradient elutions. For extracts,
the gradient elution was programmed as follows: from 5% to
60% A, 0-62 min; from 60% to 80% A, 62-65 min, 80% to
5% A, 65-66 min. For oleanolic acid, the gradient elution was
as follows: from 20% to 99% A, 0-7 min; 99% A, 7-15 min.

Triple quadrupole mass spectrometer with an electrospray
ion source coupled to the LC system described above was used
for MS/MS experiments. The following instrumental parame-
ters were applied in ESI-MS/MS analysis of saponins: curved
desolvation line (CDL) and heat block temperature of 230°C,
nebulizing gas flow rate of 1.5 L/min, electrospray voltage
of 4.5 kV and the capillary temperature at 250°C. The rela-
tive collision energies for MS/MS analyses were set at -35'V,
and argon was used as the collision gas. Data were recorded
in a negative ion mode using a scan mode with m/z ranging
from 100 to 2000 Da and the selected ion monitoring (SIM).

Quantitative and qualitative analysis of saponins

Oleanolic acid is an aglycone of the most saponins iden-
tified in the B. vulgaris roots, thus, it was utilized to plot
the calibration curve. A stock solution of the external stan-
dard - oleanolic acid (20.0 ug/mL), was prepared in water
and stored at 8°C until further use. Calibration solutions were
prepared by 1:1 (v») stepwise dilution of the stock solution
in order to get five calibration points over a concentration
range from 1.25 to 20.0 ug/mL. Then, 10 uL of the standard
was injected three times to the LC-ESI-MS/MS system.
The calibration curve was prepared by plotting the peak area
ratios of the standard from MS chromatograms against their
concentrations showing a linear response with the coefficient
of determination (R?) of 0.9996.

In the analysis of saponins, freeze-dried extracts (100 mg)
were diluted in demineralized water (1 mL) and centrifuged
at 2504 xg for 5 min, then 20 uL of each sample was injected
three times to the LC-ESI-MS/MS system. The content of in-
dividual saponins as well as their total content in the studied
extract was estimated from the external standard calibra-
tion curve plotted for oleanolic acid. The peak areas from
LC-ESI-MS chromatograms were used for quantification.
The use of aglycone in the analysis of glycosides bears the risk
of receiving a less accurate result than in the case of using
single, separated standards of saponins. However, at present,
such standards are not easily available and obtaining them
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from the plant is time-consuming and challenging. Therefore,
using the calibration curve based on oleanolic acid seems to
be a good solution in saponin analysis.

Three independent LC-ESI-MS/MS analyses were run
for each sample to evaluate instrumental precision. The MS
chromatograms allowed identifying compounds below
the LOQ. Compounds with signal-to-noise ratio lower than
10:1 were below LOQ.

Content of saponins was expressed in mg/kg fresh weight
(fw) of peel or flesh.

Statistical analysis

Data were reported as the mean = standard deviation
(SD) of three measurements. One-way analysis of variance
(ANOVA) was used for the statistical analysis of the data with
the help of Statistica, version 7.1 (StatSoft, TIBCO Software
Inc. Palo Alto, CA, USA). Differences between means were
determined using Fisher’s test and were found significant at
p<0.05.

RESULTS AND DISCUSSION

Identification of triterpene saponins in B. vulgaris

The complete structural characterization of saponins
in plant materials is complicated and time-consuming.
The LC-ESI-MS/MS is a viable method used to characterize
natural compounds based on their fragmentation [Spdrna-
-Kucab et al., 2019, 2020; Wybraniec et al., 2010].

The analysis of extracts of peel and flesh of four red (Ceryl,
Chrobry, Forono, Tytus), one yellow (Boldor) and one white
(Snow Ball) B. vulgaris cultivars by LC-ESI-MS/MS revealed
the presence of 24 triterpene saponins consisting of olea-
nolic acid, hederagenin, akebonoic acid and gypsogenin as
the aglycones ( ). The compounds identified as well
as their retention times, [M-H]-and MS/MS data are sum-
marized in

Ten compounds (saponins 3, 5, 7-9, 17, 18, 21, 22, 24)
were identified by comparison with the reference compounds
isolated in a previous research [Spdrna-Kucab & Wybraniec,
2020]. In contrast, the remaining 14 compounds were tenta-
tively identified by the interpretation of their fragmentation
patterns obtained from mass spectra (MS/MS experiments)
and by comparison with the previous experiments reported
in the literature [Mikofajczyk-Bator et al., 2016; Mroczek
etal., 2012, 2019].

Saponins with oleanolic acid as the aglycone

Previous research on saponins show that B. vulgaris con-
tains significant amounts of oleanolic acid derivatives, which
we also confirmed in our research. Here, seventeen sapo-
nins as oleanolic acid derivatives were identified in the peel
and flesh samples of all analyzed beetroot cultivars ( ,

) ; ) ).

Oleanolic acid as well as saponins containing oleanolic
acid are of great interest to the food, cosmetic and pharmaceu-
tical industries because they exhibit various biological proper-
ties [Dubois ef al., 1990; Hikino et al., 1985; Lemmich et al.,
1995; Parus, 2013; Yoshikawa ef al., 1994]. Oleanolic acid
itself exhibits anti-inflammatory, antibacterial and antiseptic

[Ismailier al., 2001] as well as hepatoprotective [Hikino et al.,
1985] and hypoglycemic effects [Yoshikawa et al., 1994].

The following sugar moieties were found in the identified
B. vulgaris saponins: uronic acid (UrA), deoxyhexose (dHex),
pentose (Pen), hexose (Hex), substituted sugar residues
of the acetal (Act) and dioxolane (Diox) type ( ). Dif-
ferent sugar moieties as well as a different number of sugar
units were noticed. The previous research results show that
the activity of saponins containing oleanolic acid depends on
the structure of the sugar chain [De Tommasi et al., 1991;
Yoshikawa et al., 1994] and can exhibit wider spectrum of ac-
tivities then oleanolic acid, inlcuding e.g. immunostimulat-
ing [Dubois et al., 1990], cytotoxic, anti-carcinogenic, anti-
-mutagenic, antiviral and protozoicidal. Moreover, saponins
are well known for their hemolytic properties, which are not
always desired; however, this strongly depends on the type
of sugar, the number of sugar groups and the spatial ar-
rangement of sugar chains [Lemmich ef al., 1995]. Moreover,
the tumor-specificity of the cytotoxic action seems to be in-
fluenced by the structure of the sugar portion of the saponins
[Kuroda et al., 2001].
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FIGURE 1. Chemical structures of the main saponins detected in Beta
vulgaris L.: (a) betavulgaroside I, (b) betavulgaroside II, (c) betavulgaro-
side II1, and (d) betavulgaroside IV.
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TABLE 1. Chromatographic and mass-spectrometric data of saponins identified in Beta vulgaris L. extracts.

No. Saponin Trivial name (rrgl;n) [l\;ﬁ/lfl]’ from MST{)Zf (M_H]-
1 Act-Hex-Hex-UrA-oleanolic acid betavulgaroside V 36.3 1117 997; 955; 793; 631; 455
2 Act-Hex-UrA-akebonoic acid betavulgaroside VIII 38.2 939 777, 615; 439

3 Act-Hex-Hex-UrA-oleanolic acid betavulgaroside V 384 1117 997;955; 793; 631; 455
4 Hex-Pen-Hex-UrA-oleanolic acid 38.6 1087 967;925;763; 631; 455
5 Act-Hex-Pen-UrA-oleanolic acid betavulgaroside IX 394 1087 925;763; 631; 455

6 Act-Hex-Hex-UrA-oleanolic acid betavulgaroside V 40.1 1117 997,955, 793; 631; 455
7 Hex-Pen-UrA-oleanolic acid 41.0 925 763; 631; 455

8 Diox-Hex-UrA-oleanolic acid betavulgaroside | 41.5 953 909; 793; 631; 455

9 Act-HexUrA-oleanolic acid betavulgaroside 111 41.8 955 835;793; 673; 631; 455
10 Act-dHex-UrA-oleanolic acid 45.7 939 777;631; 455

11 Hex-Pen-UrA-akebonoic acid betavulgaroside X 46.3 909 747; 615; 439

12 Act-dHex-UrA-oleanolic acid 47.0 939 777; 631; 455

13 Pen-UrA-hederagenin 47.2 779 647, 471

14 C,H,0,-Hex-UrA-akebonoic acid 47.8 921 439

15 Act-UrA-hederagenin betavulgaroside VII 48.0 809 647; 471

16 Hex-UrA-gypsogenin 48.4 807 645; 469

17 Hex-Pen-UrA-oleanolic acid 49.7 925 763; 631; 455

18 Act-Hex-UrA-oleanolic acid betavulgaroside II1 49.8 955 835; 793; 673; 631; 455
19 Act-UrA-akebonoic acid 51.0 777 615; 439

20 C,H,0.-Hex-UrA-oleanolic acid 51.4 925 763;631; 455

21 Pen-UrA-oleanolic acid 543 763 631; 455

22 Act-UrA-oleanolic acid betavulgaroside IV 55.6 793 673; 631; 455

23 Diox-UrA-oleanolic acid betavulgaroside 11 56.0 791 631; 455

24 UrA-oleanolic acid 56.4 631 455

Act - acetal substituent, Diox — dioxolane substituent, Hex — hexose, dHex — deoxyhexose, Pen — pentose, UrA — uronic acid, t,— retention time.

Oleanolic acid in the unbound form has not been iden-
tified, but its derivative with uronic acid was detected.
The main and simplest saponin with the pseudomolecular
ion [M-H]-at m/z 631 was tentatively identified as saponin
24 based on its fragmentation pattern and by comparison to
the reference compound previously isolated from B. vulgaris
cultivar Red Sphere [Sporna-Kucab & Wybraniec, 2020].
Compound 24 fragmented to m/z 455, which corresponded
to oleanolic acid. The presence of a daughter ion for the stud-
ied compounds at m/z 455 indicated the loss of the uronic
acid (631-455=176) for saponin 24 [Mroczek ef al., 2012,
2019; Spérna-Kucab & Wybraniec, 2020]. Previous research
indicates that uronic acid attached to the oleanolic acid may
significantly enhance its activity against retinovirus, which
is responsible for most colds [De Tommasi ef al., 1991]. This
saponin was also identified previously in the B. vulgaris culti-
var Red Sphere [Mroczek et al., 2012, 2019; Sporna-Kucab &
Wybraniec, 2020].

Saponin profiles in B. vulgaris revealed the presence
of three monosubstituted with pentose (saponin 21), acetal
(saponin 22) or dioxolane (saponin 23) derivatives of sa-
ponin 24. The presence of daughter ions for compounds at
m/z 631 indicated the loss of pentose (763-631=132) for
saponin 21, acetal-type substituent (793-631=162) for sa-
ponin 22 and dioxolane-type substituent (791-631=160)
for saponin 23, respectively. The structures of saponin
21 and 22 were confirmed with the reference compound from
B. vulgaris cultivar Red Sphere [Spérna-Kucab & Wybra-
niec, 2020]. Compound 21 has been previously identified
in leaves of B. vulgaris cultivars Red Sphere, Forono, Egyp-
tian and Round Dark [Mroczek et al., 2019]. The structure
and fragmentation pattern of saponin 22, commonly known
as betavulgaroside IV, was previously described [Mikotajczyk-
-Batoretal., 2016; Yoshikawa et al., 1996]. Saponin 23 was de-
tected with [M-H]- at m/z 791 and the fragmentation daugh-
ter ions at m/z 631 and 455. Previous research, revealed two
saponins with m/z 791 [Mikotajczyk-Bator et al., 2016]. These



A. Sporna-Kucab et al.

163

Ceryl | A
22| |23
= "
63(-)
200 15 ‘ 70
19 24 779(¢-)
) 21 791()
o 13116— s 793()
: =g
4 i o 909(-)
100 f T — %210
2 ’H 0 12 17 939(-)
oy 18] 930)
955(.)
1 aNe— 1087(-
0 11178
3007 Chrobry 22 B
(peel)
200+ 24
§ C— 21
i 8%
=27 123
J){Iﬁ 4_1 N —
100+ I 11— —
~ B —14—5—20
=) 2 L 10 12
—
N 0
2> 4001 Forono 2 c
‘0 (peel) 19
g
E 300+ 15 21 || 24
= : /\) i“ ;\L 1123
200 — {16
—~H
ﬁ !L—l ——20—
1 =17
100 g
- Py v — ‘
0 3
Tytus 22 D
(peel)
9
200+
19 e
315t I
T 1 i {123
i e
100 - + L ————
2 8/ e
i Y TR Ta—
i |
— v 18
— 1—3pafte—" =
0_
T T T
30 40 50 60

Retention time (min)

FIGURE 2. Single-ion monitoring chromatograms obtained by LC-ESI-
-MS in a negative ion mode for saponins of red Beta vulgaris L. peels:
(a) Ceryl, (b) Chrobry, (¢) Forono, and (d) Tytus.

saponins differ in the presence of the aglycones: oleanolic acid
(m/z 455) or akebonoic acid (m/z 439). Herein, the MS/MS
spectrum of 23 exhibited an aglycone at m/z 455; there-
fore, this saponin has been identified as betavulgaroside II.
Previous research showed that hexose attachment to oleanolic
acid and glucuronic acid enhanced the antiviral activity of sa-
ponins [De Tommasi ef al., 1991]; however, to the best of our
knowledge, there is no research on the effect of a single sub-
stituent of another sugar on the properties of saponins.

The monosubstituted with hexose saponin 24 was not de-
tected in any peel and flesh sample but simultaneous presence
of hexose and dioxalane (saponin 8), hexose and acetal-type
(saponin 9, 18) or hexose and C,H,O, (saponin 20) substitu-
ents was noticed.

Saponins 8 ([M-H]-at m/z 953), 9 and 18 ([M-H]- at
m/z 955) were confirmed with the authentic standards iso-
lated and described in previous experiments [Sporna-Kucab
& Wybraniec, 2020]. These saponins were thoroughly de-
scribed using NMR by Yoshikawa et al. [1996], which named
them as betavulgaroside I (saponin 8) and III (saponin 9, 18)
( ). Betavulgaroside I and IIT were also isolated from
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FIGURE 3. Single-ion monitoring chromatograms obtained by LC-ESI-
-MS in a negative ion mode for saponins of red Beta vulgaris L. flesh:
(a) Ceryl, (b) Chrobry, (¢) Forono, and (d) Tytus.

Achyranthes fauriei and named achyranthoside B and C, re-
spectively [Ida ef al., 1994]. Achyranthoside B may find ap-
plication in the treatment of cancer, as research shows that
it is toxic to human colorectal cancer cells and murine mela-
noma cells [Ida ef al., 1994].

The fragmentation pattern of saponin 20 ([M-H]- at
m/z 925) was already described in the studied B. vulgaris culti-
var Nochowski [Mikofajczyk-Bator et al., 2016]; therefore, its
tentative identification was feasible.

Hexose-hexose and hexose-pentose substituents in sapo-
nin 24 ([M-H]- at m/z 631) were not identified. But hexose-
-hexose-acetal and hexose-pentose-hexose substituents were
detected in saponins 1, 3 and 6 ([M-H]-at m/z 1117) as well
as saponin 4 ([M-H]-at m/z 1087). It is worth noting that
tetraglycoside saponins have stronger bactericidal properties
than triglycoside saponins [Francis ez al., 2002; Konishi e al.,
1998]. Moreover, antibacterial properties generally depend on
the attached sugar; therefore, these compounds may be very
interesting for further studies of their antimicrobial activities.
Saponin 6 was named betavulgaroside V and was also iso-
lated from Achyranthes fauriei and named achyranthoside D
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FIGURE 4. Single-ion monitoring chromatograms obtained by LC-ESI-
-MS in a negative ion mode for saponins of yellow Beta vulgaris L.:
(a) peel, and (b) flesh.

[Kuwada ef al., 2020]. Saponin 3 was isolated in previous
research and used here as a reference compound [Spdrna-
-Kucab & Wybraniec, 2020]. For saponins detected with
[M-H]-at m/z 1117, the previous study [Mikofajczyk-Bator
et al., 2016] of B. vulgaris cultivars indicated the presence
of four positional isomers of two hexose, one uronic acid
moiety, and an acetal-type substituent attached to the olea-
nolic acid by an ester bond at the C-28 position or another
bond at the C-3 position. Saponin 4 was tentatively identified
by comparison with previously reported data [Mikotajczyk-
-Bator ez al., 2016]. Previous study found that saponin 4 had
a positional isomer with identical aglycone ions detected at
m/z 455 and identical moieties (i.e., uronic acid, two hex-
oses and pentose) connected at different positions. Hence,
the more polar isomer of 4 was not identified, presumably
because of its low content.

The saponin 24 might also be bisubstituted with pen-
tose-hexose (saponin 7, 17) and trisubstituted with pen-
tose-hexose-acetal (saponin 5). The signal detected with
[M-H]-at m/z 1087 (saponin 5) gave a base peak in the MS
chromatogram. Saponin 5 showed molecular negative ions at
m/z 925, 763, 631, and 455, suggesting the presence of sub-
stituted sugar residues of acetal (1087-925=162 Da), hex-
ose (925-763=162 Da), pentose (763-631=132) and uronic
acid (631-455=176), respectively. The two saponins detected
with [M-H]-at m/z 925 (saponin 7, 17), which were already
described in B. vulgaris cultivar Nochowski [Mikofajczyk-
-Bator ef al., 2016], were found in this analysis. Saponins
5, 7, 17 were identified by comparison with the reference
compounds isolated previously from B. vulgaris cultivar Red
Sphere [Spoérna-Kucab & Wybraniec, 2020]. The chemical
structure of compound 5, named betavulgaroside IX, was
thoroughly described by H-NMR and C-NMR [Yoshikawa
etal., 1998].

The saponin 24 bisubstituted with deoxyhexose and ace-
tal substituent was detected (saponins 10, 12) and these com-
pounds showed a pseudomolecular [M-H]- ion at m/z 939.
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FIGURE 5. Single-ion monitoring chromatograms obtained by LC-ESI-
-MS in a negative ion mode for saponins of white Beta vulgaris L.:
(a) peel, and (b) flesh.

Similar retention times of saponins 10 and 12 may indicate
that these compounds might be isomers. Previous research
[Mikofajczyk-Bator et al., 2016] indicates three saponins with
oleanolic acid in B. vulgaris, with two of them having a simi-
lar structure and polarity. Therefore, these compounds were
tentatively identified based on the interpretation of their frag-
mentation patterns.

Saponins with akebonoic acid as the aglycone

Four saponins, which comprised akebonoic acid as an
aglycone, were identified and profiled using LC-ESI-MS/MS
in the peel and flesh samples of all analyzed beetroot cultivars
( ) ) ; , ).

The simplest saponin with a pseudomolecularion [M-H]-
detected atm/z 615 corresponded to akebonoic acid (/2 439),
whereas uronic acid (m/z 176) was not detected. Herein,
the MS/MS spectrum revealed akebonoic acid as the agly-
cone for saponins with [M-H]- at m/z 777 (saponin 19),
909 (saponin 11), 921 (saponin 14) and 939 (saponin 2).
These saponins were previously identified in B. vulgaris
cultivar Nochowski [Mikotajczyk-Bator et al., 2016]. Ad-
ditionally, saponin with a pseudomolecular ion detected at
m/z 777 was identified in Swiss chard (B. vulgaris) [Mroczek
etal.,2021].

Saponin 19 had a negative pseudomolecular ion at
m/z 777 and daughter ions at m/z 615 and 439. The MS
spectrum of compound 19 revealed an aglycone ion at
m/z 439, which corresponded to akebonoic acid. Saponins
with akebonoic acid were previously identified and pro-
filed by LC-ESI-MS/MS in B. vulgaris cultivar Nochowski
[Mikotajczyk-Bator ef al., 2016]. Findings of research sug-
gest two positional isomers of saponins with [M-H]- at
m/z 777 differing in polarity. The fragmentation pattern
as well as the polarity of saponin 19 indicate the presence
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of an acetal-type substituent attached to the akebonoic acid
(777-615=162) and uronic acid moiety (615-439=176).

Saponin 11 had a negative pseudomolecular ion detected at
m/z 909, yielding fragmentation ions at m/z 747, 615 and 439.
The my/z fragments corresponded to the loss of hexose
(=162 Da) and pentose moieties (-132 Da) and further uronic
acid (=176 Da), respectively. The ion detected at m/z 439 sug-
gested akebonoic acid to be the aglycone, which allowed iden-
tifying compound 11 as betavulgaroside X. This compound
was previously detected in the B. vulgaris cultivar Nochowski
[Mikotajczyk-Bator er al., 2016]. Moreover, the structure
of compound 11 was determined by Yoshikawa ez al. [1996].

Saponin 14 [M-H]-ion was detected atm/z 921, which pro-
vided the product ion in the MS/MS spectra at m/z 439 char-
acteristic for akebonoic acid. The review of previous findings
[Mikotajczyk-Bator et al., 2016] indicates only one saponin
in the B. vulgaris cultivars with [M-H]-at m/z 921; therefore,
saponin 14 was tentatively identified by comparison with pre-
viously reported data.

Saponin 2 yielded a product ion in the MS/MS spec-
tra at m/z 439 characteristic for akebonoic acid. Analysis of
B. vulgaris cultivar Nochowski indicates the presence of three
akebonoic acids as the aglycones [Mikotajczyk-Bator et al.,
2016]. The dominant saponin in B. vulgaris including akebo-
noic acid glycosides is a well-known betavulgaroside VIII [Yo-
shikawa et al., 1998]. The remaining saponins with akebonoic
acid were identified in trace amounts in the previous research
[Mikotajczyk-Bator et al., 2016]; therefore, we did not detect
these compounds in the studied material.

To the best of our knowledge, there are no studies on
the bioactivity of purified saponins with akebonoic acid as
the aglycone. The saponins might be very useful for the phar-
maceutical industry because akebonoic acid is considered
a potential candidate for the treatment of type-2 diabetes
due to its antidiabetic activity [Dirir et al., 2021]. The previ-
ous study showed that fractions containing saponins with
akebonoic acid and gypsogenin obtained from Chenopo-
dium bonus-henricus L. exhibited hepatoprotective activity
[Kokanova-Nedialkova et al., 2020].

Saponins with hederagenin and gypsogenin as the aglycones

In the present study, hederagenin and gypsogenin as
the aglycones were detected in three saponins identified
with [M-H]-at m/z 779 (saponin 13), 807 (saponin 16) and
809 (saponin 15) ( , , , ,

). Compound 13 detected with [M-H]-at m/z 779 was
identified based on its fragmentation pattern (MS/MS ex-
periments) and by comparison with the literature data
[Mikofajczyk-Bator ef al., 2016]. Literature findings indicate
only one saponin detected with [M-H]-at m/z 779. Moreover,
the fragmentation of saponin 13 to ions at m/z 647 and hed-
eragenin as an aglycone at m/z 471 confirms the presence
of pentose (779-647=132) including uronic acid (647-
—471=176) in the structure.

Saponin 15 presented a pseudomolecular ion [M-H]- at
m/z 809 releasing fragment ions at m/z 647 (loss of acetal-type
substituent) as well as m/z 471 (loss of uronic acid) and was
tentatively identified as betavulgaroside VII. Saponin 15 was
earlier identified in B. vulgaris [Mikotajczyk-Bator et al., 2016;

Mroczek et al., 2012]. Previous findings [Mikotajczyk-Bator
et al., 2016; Mroczek et al., 2012] indicate two saponin iso-
mers detected with [M-H]-at m/z 809, significantly differing
in their polarity, consequently, the confirmation of saponin 15
was more convenient.

Correspondingly, previous research [Mikotajczyk-Bator
et al., 2016] suggested only one saponin with a molecular
ion [M-H]- detected at m/z 807. A high content of sapo-
nin 16 in yellow B. vulgaris cultivar enabled its fragmenta-
tion, which indicated the loss of hexose (162 Da) and uronic
acid (176 Da) from gypsogenin as an aglycone ([M-H]-at
m/z 469), respectively.

The beneficial effect of hederagenin derivatives has been
repeatedly confirmed [Fang ef al., 2020; Kuljanabhagavad &
Wink, 2009]. They have been proven to exhibit the following
activities: antimicrobial, antioxidant, molluscidal, fungicidal
[Kuljanabhagavad & Wink, 2009], anti-inflammatory, anti-
-arthritic, anticomplementary and cytotoxic [Fang et al.,
2020]. Cytotoxic activity was also confirmed for gypsogenin
derivatives [El Hazzam et al., 2020]; however, they have not
been thoroughly tested for their effects. Therefore, their activ-
ity can be very interesting; hence it is important to look for
their new sources. Hederagenian glycosides were detected
in a previous study of saponins from the B. vulgaris cultivars
Red Sphere, Rocket, Wodan and Nochowski [Mikotajczyk-
-Batoret al., 2016; Mroczek et al., 2012].

Saponin quantitative analysis

The quantification of the individual saponins of beetroot
peel and flesh was carried out using oleanolic acid as a stan-
dard. The oleanolic acid was the aglycone of the most iden-
tified saponins. The qualitative profiles of the peel and flesh
saponins of all analyzed beetroot cultivars were identical, but
the content of individual compounds was highly varied across
the samples ( , ). The total saponin content
ranged from 707 mg/kg fw (Snow Ball) to 6834 mg/kg fw (Fo-
rono) for peel samples and from 497 mg/kg fw (Snow Ball)
to 6864 mg/kg fw (Boldor) for flesh samples. The quantita-
tive profiles of saponins divided into four groups according to
their aglycone — oleanolic acids, akebonoic acid, gypsogenin
or hederagenin — are discussed below.

Saponins with oleanolic acid as the aglycone

Among 17 derivatives of oleanolic acid, compounds 8,
9, 22 and 23 (betavulgaroside [-IV) were the main sapo-
nins determined in the peel and flesh of B. vulgaris cultivars
( , ). The content of saponin 22 was the high-
est in most of beetroot peel (452-7361 mg/kg fw) and flesh
(423-2090 mg/kg fw) samples with the exception of the peel
of Tytus cultivar, flesh of Boldor cultivar and flesh and peel
of Snow Ball cultivar wherein saponins 9 (675 mg/kg fw), 8
(2603 mg/kg fw) and 9 (164-173 mg/kg fw), respectively, were
dominant. In a previous study, a high content of compound 9
(9543 mg/kg dw) was found in beetroot flesh of red Red
Sphere cultivar [Mroczek et al., 2019]. The content of sa-
ponin 23 was high in most of the analyzed cultivars (36.1-
-5516 mg/kg fw), except for cultivars Chrobry (peel) (6.7 mg/kg
fw) and Forono (4.5-5.2 mg/kg fw).
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TABLE 2. Content of individual saponins and total saponins in fresh peel of Beta vulgaris L. cultivars (mg/kg fresh weight) analyzed by LC-DAD-ESI-MS/MS.

Red cultivars Yellow cultivar | White cultivar
No. Saponin
Ceryl Chrobry Forono Tytus Boldor Snow Ball
1 Act-Hex-Hex-UrA-oleanolic acid ~ 0.021+0.003" 19.4+0.60¢ 82.7+1.2° 37.9+1.1¢ 97.3+2.0¢ 1.2+0.05¢
2 Act-Hex-UrA-akebonoic acid 2.9+0.15¢ 3.4+0.14¢ 101+2.5¢ 53.2+1.8 1.6=0.09' 3.2+0.16¢
3 Act-Hex-Hex-UrA-oleanolic acid 32.5+0.784 15.3+0.30° 65.8+2.1¢ 77.8+2.12 67.8+1.2° 29.3+0.73¢
4 Hex-Pen-Hex-UrA-oleanolic acid 0.61+0.030°  0.023+0.003" 1.3+0.08¢ 2.7x0.12¢ 16.7+0.6° 6.8+0.26°
5 Act-Hex-Pen-UrA-oleanolic acid 41.4%0.65¢ 17.8+0.63¢ 140+3.8° 743+ 1.4¢ 369+5.1° 17.4+0.35¢
6 Act-Hex-Hex-UrA-oleanolic acid 38.2x0.69° 33.6+0.70¢ 1.2+0.06' 48517 96.1+2.42 1.9£0.09¢
7 Hex-Pen-UrA-oleanolic acid 0.25£0.012¢  0.012+0.002¢  0.37+0.02¢ 0.33+0.02¢ 1.2+0.06 30.5+0.79°
8 Diox-Hex-UrA-oleanolic acid 11.8+0.15 54.8+0.80° 552+1.0¢ 154+3.8° 120016 152+3.0¢
9 Act-HexUrA-oleanolic acid 2.2=+0.11° 174+2.3¢ 1069+22¢ 675=14° 118+2.2¢ 173+3.5¢
10 Act-dHex-UrA-oleanolic acid 0.51%0.022"  0.85+0.04¢ 98.1+2.0¢ 3.3+0.14¢ 30.4+0.6 22.6+0.67¢
11 Hex-Pen-UrA-akebonoic acid 0.072=0.009¢  0.050+0.007¢ 0.20+0.01¢ 2.8+0.16° 105+2.42 <LOQ
12 Act-dHex-UrA-oleanolic acid 0.81£0.040°  0.35+0.022¢ 1.40+0.06" 0.33+0.02¢ 15.3+0.4° 0.023+0.004"
13 Pen-UrA-hederagenin 42.0+0.90° 0.14£0.008¢ 150+4.12 1.8=0.10¢ 32.6+0.60° 0.032+0.004"
14 C,H,0O,-Hex-UrA-akebonoic acid ~ 0.032+0.004¢  0.032+0.004°  0.053+0.006*  0.044=0.006>  0.12+0.008¢ <LOQ
15 Act-UrA-hederagenin 639+8.5¢ 133+4.2¢ 989200 152+1.8%2 2283442 71.0+1.41
16 Hex-UrA-gypsogenin 152+5.5° 35.7%1.3¢ 16.2+0.21" 65.2+1.5° 85614k 37.4+0.74¢
17 Hex-Pen-UrA-oleanolic acid 6.7+0.21¢ 0.86+0.04¢ 21.1+0.90° 8.3+0.20¢ 137+2.00 0.023+0.004"
18 Act-Hex-UrA-oleanolic acid 73.5+1.2¢ 25.6+0.50° 150%2.2° 35.6=0.90¢ 415+9.12 6.2+0.31"
19 Act-UrA-akebonoic acid 46.8+1.1¢ 20.4+0.38° 881=11° 63.60.90° 274+6.1° 2.10.11
20 C,H,0,-Hex-UrA-oleanolic acid 255+5.4¢ 70.6+1.3¢ 528120 82.3+1.6¢ 173520 2.4x0.12"
21 Pen-UrA-oleanolic acid 45.5+0.48  0.071+0.008"  62.3+1.4° 2.3x0.10¢ 68.0+1.9 15.3+0.46¢
22 Act-UrA-oleanolic acid 1194=15¢ 452+5.0¢ 2410510 547+344 7361117 88.2+1.7"
23 Diox-UrA-oleanolic acid 497+13b 6.7+0.30¢ 5.2+0.16' 173+4.0¢ 5516=160° 44.9+0.90¢
24 UrA-oleanolic acid 6.1£0.30>  0.073+0.009¢ 5.2+0.22¢ 1.9+0.10¢ 16.3£0.44* <LOQ
Total 3089+72¢ 1065+12¢ 6834x98° 2263294 20812+228 707x18.41

Data are expressed as mean = standard deviation (n=3). Values in each row having the same letter are not significantly different (p>0.05). Results are
expressed as oleanolic acid equivalents. LOQ - limit of quantification. The assigned saponin numbers correspond to those listed in Table 1.

Among the remaining compounds, a higher content of sa-
ponin 20 was found in selected B. vulgaris samples. The cul-
tivar with the highest content of this saponin was Boldor
(peel) (1735 mg/kg fw). Saponin 20 was previously deter-
mined in a high content in beetroot of an Egyptian cultivar
(1052 mg/kg dw) [Mroczek et al., 2019].

Saponins 4, 12, 17, 24 were found in B. vuigaris cultivars
in low amounts (0.02-137.56 mg/kg fw). Moreover, the con-
tent of saponins 12, 17, 24 in Snow Ball cultivar (flesh) was
below the limit of quantification (LOQ). Interestingly, a previ-
ous report [Mroczek et al., 2019] indicates that compounds
4 (200-3933mg/kg dw) and 17 (170-1123 mg/kg dw) were
present mainly in leaves of B. vulgaris cultivars [Mroczek
et al., 2019], whereas compound 24 was detected in a low
content (46.9-482 mg/kg dw) in leaves and roots.

According to Mroczek et al. [2019], saponin 1 mainly oc-
curred in leaves of B. vulgaris cultivars (37.6-780 mg/kg dw).
Here, a low content of saponin 1 (0.021-97.3 mg/kg fw) was
found in the peel and flesh of B. vulgaris cultivars, which may
confirm a high content of this compound in the leaves.

The content of saponins 5, 6 and 18 in the peel (96.1-
-415 mg/kg fw) and saponin 3 in the flesh (318 mg/kg) of yel-
low B. vulgaris was higher than in white (0.83-29.3 mg/kg
fw) and red (0.21-150 mg/kg fw) cultivars. Therefore, yellow
B. vulgaris seems to be a rich source of these compounds.

The content of saponins 7, 10 and 21 in B. vulgar-
is cultivars was low. The highest content of saponin 7,
10 and 21 was determined in red cultivars: Forono (sa-
ponin 7 and 10) and Ceryl (saponin 21). Saponins 7
(563-2954 mg/kg dw) and 21 (172-623 mg/kg dw) seem
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TABLE 3. Content of individual saponins and total saponins in fresh flesh of Beta vulgaris L. cultivars (mg/kg fresh weight) analyzed by LC-DAD-ESI-MS/MS.

Red cultivars Yellow cultivar | White cultivar
No. Saponin
Ceryl Chrobry Forono Tytus Boldor Snow Ball
1 Act-Hex-Hex-UrA-oleanolic acid 6.8+0.28¢ 33.8+0.50* 4.9+0.16 24.4+0.50° 2.3+0.09¢ 0.52+0.02"
2 Act-Hex-UrA-akebonoic acid 5.9+0.24¢ 31.4+0.90° 0.23+0.011"7  42.8+0.83% 5.7+0.13¢ 0.92+0.04¢
3 Act-Hex-Hex-UrA-oleanolic acid 35.6+0.55¢ 99.2+2.2° 58.8+1.44 93.1=1.0¢ 318+9.0 19.5+0.39
4 Hex-Pen-Hex-UrA-oleanolic acid 3.6+0.16° 4.5+0.22° 3.6+0.20¢ 1.5+0.06¢ 21.3+0.442 2.9+0.144
5 Act-Hex-Pen-UrA-oleanolic acid 28.8+0.53¢ 91.0x4.4° 453144 67.7x1.5¢ 234312 6.10.27"
6 Act-Hex-Hex-UrA-oleanolic acid 9.8+0.16° 63.1£2.72 0.29+0.016" 50.2x1.4° 2.2+0.08¢ 0.830.04¢
7 Hex-Pen-UrA-oleanolic acid 15.4=0.28¢ 0.14+0.008¢  50.4=2.42 0.041=0.005"  0.21+0.01¢ 32.2x0.64°
8 Diox-Hex-UrA-oleanolic acid 166+5.1¢ 784220 52.8+2.6' 279+4.0¢ 2603 £43¢ 133£2.6¢
9 Act-HexUrA-oleanolic acid 799+10¢ 1905+35% 2.7x0.141 1120%22° 36.3x0.42¢ 164+2.94
10 Act-dHex-UrA-oleanolic acid 0.18+0.009" 6.2+0.20¢ 11.6+0.20¢ 23.0+0.30¢ 0.55+0.03¢ 18.1+0.58°
11 Hex-Pen-UrA-akebonoic acid 1.2+0.0704 5.4+0.20¢ 6.0+0.16° 14.520.40? 0.61+0.03¢ 0.031+0.005"
12 Act-dHex-UrA-oleanolic acid 2.9+0.14¢ 7.5%0.30° 0.47+0.03¢ 3.0=0.16° 1.9£0.08¢ <LOQ
13 Pen-UrA-hederagenin 2.7+0.12¢ 0.24=0.014¢ 4.1+0.12° 42+0.142 0.43+0.02¢ <LOQ
14 C,H,0,-Hex-UrA-akebonoic acid ~ 0.032+0.004*  0.053+0.007¢  0.035+0.004*  0.071+0.009>  0.083+0.009" <LOQ
15 Act-UrA-hederagenin 120+1.4¢ 202+5.6° 28.6=0.60¢ 234+4.20 2.8+0.09" 12.5+0.26¢
16 Hex-UrA-gypsogenin 0.36= 0.020" 5.9+0.20¢ 0.37+0.02" 10.3+0.20° 1.8+0.06¢ 3.1+0.10¢
17 Hex-Pen-UrA-oleanolic acid 4.1x0.20¢ 15.4+0.34° 2.5%0.12¢ 8.3+0.20¢ 19.1+0.322 <LOQ
18 Act-Hex-UrA-oleanolic acid 0.21x0.011¢ 141+5.6° 45.7+1.3° 0.42+0.02¢ 2.9+0.08¢ 2.4x0.12¢
19 Act-UrA-akebonoic acid 38.0+1.44 193+4.5¢ 80.3+1.74 309=+4.22 1.1+0.06° 0.1120.007
20 C,H,0,-Hex-UrA-oleanolic acid 0.52+0.030¢ 245+5.0° 54.1x2.0 322+420 873+16° 0.590.04¢
21 Pen-UrA-oleanolic acid 105+2.8¢ 0.17£0.009"  41.7x1.0° 0.49=0.03¢ 24.4+0.34¢ 16.4=0.98¢
22 Act-UrA-oleanolic acid 1260+12¢ 1998 +55° 42345 2090222 532 +9.1¢ 47.71.4
23 Diox-UrA-oleanolic acid 889+22¢ 1032=18° 4.5+0.15" 1403 £24¢ 558=+8.1¢ 36.1x0.72¢
24 UrA-oleanolic acid 2.3x0.12¢ 0.12+0.008  0.032+0.005¢  0.39+0.02¢ 0.45+0.03° <LOQ
Total 3497+524 6864822 922+ 14 6101x85° 5242 +63¢ 497117

Data are expressed as mean = standard deviation (n=3). Values in each row having the same letter are not significantly different (p>0.05). Results are
expressed as oleanolic acid equivalents. LOQ - limit of quantification. The assigned saponin numbers correspond to those listed in Table 1.

to be present mainly in the leaves of B. vulgaris cultivars;
therefore their content in beet roots may be at a quite low
level [Mroczek et al., 2019].

Saponins with akebonoic acid as the aglycone

Saponin 19 was the main akebonoic acid derivative de-
termined in the peel and flesh of B. vulgaris cultivars (0.11-
-881 mg/kg fw) ( , ). Its content was the highest
in the peel of Forono cultivar, whereas the lowest in the flesh
of Snow Ball cultivar. The contents of the remaining sapo-
nins 2, 11 and 14 with akebonoic acid were much lower.
The content of saponin 14 was very low in all studied sam-
ples (0.032-0.12 mg/kg fw), especially in the peel and flesh
of Snow Ball cultivar, where the determined value was below
the limit of quantification. In turn, higher contents of saponins

2 and 11 were determined in the peel of Forono (101 mg/kg
fw) and Boldor (105 mg/kg fw) cultivars.

Saponins with hederagenin and gypsogenin as the aglycones
Three saponins, which consisted of hederagenin (sa-
ponins 13 and 15) or gypsogenin (saponin 16) as an agly-
cone, were identified in the studied cultivars. Among these
compounds, saponin 15 was dominant ( , )
and its highest content was determined in the peel of the yel-
low cultivar Boldor (2283 mg/kg fw). Interestingly, its content
in flesh of yellow cultivar was merely 2.8 mg/kg fw. The peels
of the studied cultivars turned out to be the richest sources
of saponin 16, the highest content of which was detected
in the peels of yellow cultivar Boldor (peel) (856 mg/kg fw).
The highest content of saponin 13 was determined in Forono
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(peel) (150 mg/kg fw) but still it was lower than contents
of saponins 15 and 16.

CONCLUSIONS

In summary, a simple procedure for saponin quantifica-
tion with oleanolic acid, hederagenin, akebonoic acid and gyp-
sogenin glycosides was developed. Herein, 24 saponins were de-
tected in six B. vulgaris cultivars, of which saponins of the white
and yellow cultivars were identified for the first time.

Our results report that the qualitative profile of saponins was
identical for the peel and flesh of red, white and yellow cultivars,
while the quantitative profile depended on the cultivar and part
of the root. Among the identified compounds, betavulgaroside
I, IT, IIT and IV were dominant in the studied cultivars.

B. vulgaris seems to be a good source of these compounds
for future research because their contents in peels and flesh
were high, which is uncommon. The highest content of sa-
ponins was found in the peels of the yellow B. vulgaris culti-
var (Boldor). In contrast, the lowest content was determined
in the flesh of the white cultivar (Snow Ball).
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