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Editorial
Red Beetroot Thematic Issue

This Thematic Issue ofbPolish Journal ofbFood andbNutri-
tion Sciences deals with theb trans-disciplinary aspects ofb red 
beetroot as well as thebred beetroot-derived products inbthebfol-
lowing topics: processing andbstorageb– effect on thebquality 
andbfunctionality; bioactive constituents andbnutritional value; 
profi le, absorption, metabolism, andbbioavailability ofbphyto-
chemicals; potential health-promoting andb microbiological 
activities; andbnew analytical methods for compounds study. *

Due to thebdevelopment ofbcivilization diseases, increasing 
attention isbpaid not only to thebnutritional value andbsensory 
attractiveness ofbcertain food-plants andbtheir products but, 
above all, to their profi le andbcontent ofbbioactive compounds 
since these issues may have ab positive impact on human 
health. Thebbioactive compounds ofbred beetroots that have 
been studied inbthebseven published articles ofbthebThematic 
Issue are ofbabvaried nature andbactivity, ranging from beta-
lains andbsaponins to phenolic acids andbfl avonoids. Inbthis 
context, thebreport ofbKumorkiewicz et al. [2020] presents for 
thebfi rst time thebnew bidecarboxylated betanins (which might 
have abstrong bioactivities) inbred beetroot extract as well as 
their generation from betanin/isobetanin andbmono-decar-
boxylated betanins during thebprocess ofbheating. On thebother 
hand, thebthermal stability ofbbetalains present inbby-products 
ofbred beetroot andbtheir degradation along with raising tem-
perature isbmanifested bybthebproduction ofbvarious betalain 
degradation products that have been determined inbthebwork 
ofbOtálora et al. [2020]. Next, Czyżowska et al. [2020] inves-
tigated thebeffect ofblong-term cold storage ofbfermented beet-
roots andbfermented beetroots juice on thebcontent ofbbiologi-
cally active compounds andbmicroorganisms. Inbturn, Tumbas 
Šaponjac et al. [2020] studied thebencapsulation ofbbioactive 
compounds from red beetroot juice with soybean proteins 
andbdetermined thebphysicochemical characteristics ofbthese 
encapsulates. Another interesting research article bybSpórna-
-Kucab & Wybraniec [2020] focused on thebanalysis ofbsa-

* Corresponding Author: E-mail: w.wiczkowski@pan.olsztyn.pl
(W.bWiczkowski)

ponins, being natural plant compounds exhibiting health 
benefi ts, inb red beetroot for thebfi rst time using high-speed 
counter-current chromatography inb ab new solvent system 
consisting ofbtert-butyl-methyl ether-butanol-acetonitrile-wa-
ter. Aspects related to thebfate ofbred beetroot phytochemicals 
after intake, such as thebchange inbthebtotal phenolics content, 
total fl avonoids content, contents ofbbetacyanins and, betax-
anthins, phenolic acids profi le as well as thebantioxidant activ-
ity after simulated gastrointestinal digestion ofb red beetroot 
juice have been described bybDesseva et al. [2020]. Finally, 
thebstudy ofbPłatosz et al. [2020] shows thebprofi le ofbpheno-
lic acids andbfl avonoids ofbred beetroot andbits fermentation 
product andb explains whether theb long-term consumption 
ofbfermented red beetroot juice affects phenolic compounds 
profi le inbplasma andburine ofbvolunteers.

All these articles are actually highlighting thebgreat poten-
tial ofbred beetroot andbits products along with their various 
natural compounds as well as show that this vegetable arous-
es thebinterest ofbscientists from various corners ofbthebworld. 
At theb same time, itb should beb emphasized that ab number 
ofbaspects regarding thebtransformation ofbred beetroot phy-
tochemicals during technological processes andb also after 
consumption during digestion, absorption, andbmetabolism 
processes have not yet been discovered. 

Ibwould like to thank thebAuthors for their important work 
inbthebfi eld ofbred beetroot as absource ofbbioactive compounds 
andbpigments.
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INTRODUCTION

Betalains are one ofb thebmost common groups ofbplant 
pigments found inbnature, however, they are not as well stud-
ied as compared to other natural pigments such as anthocya-
nins, carotenoids, andbchlorophylls [Stafford etbal., 1994]. Be-
talain pigments which are composed ofbred-violet betacyanins 
together with yellow-orange betaxanthins are mainly found 
inbmost families ofbthebCaryophyllales order [Chhikara etbal., 
2019]. Inb addition, both betacyanins andb betaxanthins can 
occur inbthebsame plant part, despite thebdifference inbits col-
oration [Martins etbal., 2017]. These pigments are commer-
cially recognizable as food colorants due to their non-toxic, 
non-carcinogenic, andb non-poisonous nature [Esatbeyoglu 
etbal., 2015; Siervo etbal., 2013]. 

Betalains are stable at pH values ranging from 3b to 7 
andbsuitable for dyeing low acidic andbneutral foods. Inbad-
dition, they may bebstabilized bybascorbic acid. Inbcontrast, 
anthocyanins are unsuitable for coloration ofb such foods 
as they are unstable at pH values over 3, inb addition their 
degradation isb facilitated bybascorbic acid. For that reason, 
utilization ofbbetalain pigments instead ofbanthocyanins for 

* Corresponding Author: Tel.: +4812 628 3074; Fax: +4812 628 2036;
E-mail: swybran@chemia.pk.edu.pl (S.bWybraniec)

coloring food with abhigh vitamin C content or ofb vitamin 
C-supplemented products seems to bebmore favorable. Due 
to their thermolability, betalains are also utilized to color low-
-temperature products [Azeredo etbal., 2008; Herbach etbal., 
2007; Stintzing etbal., 2004 ]. 

Red beetroot (Beta vulgaris L.) isbthebmain commercially 
exploited source ofb betalain pigments which are produced 
inb theb form ofb concentrates or powders [Ciriminna etb al., 
2018]. Thebmost abundant pigments present inbred beet are 
betanin (red betacyanin) andb vulgaxanthin Ib (yellow betax-
anthin). Due to their satisfying nutritional value andb dis-
ease-preventing effects, such extracts are regarded benefi cial 
to human health andb applied as food additives, colorants, 
andbdietary supplements [Nemzer etbal., 2011]. They are also 
characterized bybthebbest quality inbterms ofbthebcolor andbits 
intensity. Inb addition, betanin isb approved byb thebUS FDA 
andbEuropean Union as abnatural colorant used for coloring 
dairy products, cosmetics, andbpharmaceuticals [Esatbeyo-
glu etbal., 2015]. Beetroot extracts are utilized to emphasize 
thebredness ofbsuch products as tomato soups, sauces, pastes, 
desserts, jams, sweets, andbjelly beans. They are also used to 
protect meat from discoloration andb to extend its shelf-life 
[Chhikara etbal., 2019; Tang etbal., 2015]. 

Several studies have attributed abwide spectrum ofbbio-
active properties to betalain pigments andbbetalain-rich ex-
tracts. They may serve as biologically active nutraceuticals 
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Betalains are one ofbthebmost common groups ofbplant pigments found inbnature, especially inbred beetroot (Beta vulgaris L.) which isbthebmain 
commercially exploited source ofbbetalains produced inbthebform ofbconcentrates or powders. This report presents results ofbthermal decarboxylation 
studies on betacyanins present inbabspecifi cally purifi ed highly concentrated betalain-rich extract (BRE). Thebfi rst tentative structures formed bybdecar-
boxylation ofbthebmain pigment present inbBRE, betanin andbits diastereomer, were established bybmeans ofbliquid chromatography coupled to diode 
array detection andbelectrospray ionization tandem mass spectrometry (LC-DAD-ESI-MS/MS). Inbthebextract, two new isomeric bidecarboxylated 
betanins were tentatively identifi ed. Abhigh rate ofbgeneration ofb2-decarboxy-betanin/-isobetanin which are present inbthebBRE extract at very low level 
was observed, which was dependent on thebstarting concentration ofbthebBRE substrate. Thebbidecarboxylated derivatives were generated at abhigher 
rate mostly from 17-decarboxy-betanin/-isobetanin as well as 15-decarboxy-betanin byb further decarboxylation at carbon C-2. Further studies will 
bebperformed to demonstrate if thebdecarboxylated betanins being products ofbheating B. vulgaris preparations can bebused for various food applications 
with new health-promoting actions andbcolorant properties.
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with abwide variety ofb therapeutic, anti-carcinogenic, hep-
ato-protective, andb antitumor properties [Chhikara etb al., 
2019; Vulić etbal., 2013]. Itbhas also been shown that some 
ofbthebbetalain pigments exhibit even higher antioxidant ac-
tivity inbcomparison to typical natural antioxidants such as 
ascorbic acid, rutin, andbcatechin [Cai etbal., 2006; Gandía-
-Herrero etbal., 2009]. Theb free radical-scavenging activity 
ofbbetanin extracted from red beet measured inbabTEAC as-
say at pH 7.4bandbinbab1,1-diphenyl-2-picrylhydrazy (DPPH) 
assay isb about 7.5- andb 3.0-fold higher, respectively, than 
that ofbvitamin C, which isban effective natural antioxidant 
[Cai etb al., 2003; Gengatharan etb al., 2015]. Furthermore, 
studies with different cell lines have demonstrated that beta-
lains exhibit abchemopreventive potential [Gandía-Herrero 
etbal., 2016]. Inbvivo anti-tumor formation activity inbmouse 
skin has been demonstrated for B. vulgaris extracts. Results 
showed ab signifi cant decrease inb theb incidence andb num-
ber ofb papillomas found inbmice skin. Inb theb same study, 
lung tumor formation was induced to mice, andb inhibited 
byb theboral administration ofbB. vulgaris extracts [Kapadia 
etbal., 2003]. Pure betanin was assayed, revealing abstrong 
inhibition ofbthebproliferation ofbmelanoma cancer cells [Wu 
etbal., 2006]. Betanin from red beet also showed excellent 
growth inhibition ofb MCF-7 (breast), HCT-116 (colon), 
AGS (stomach), SF-268 (CNS), andb NCI-H460 (lung) 
cancer cell lines with IC50b values ofb 162, 142, 158, 164, 
andb147bμg/mL, respectively [Reddy etbal., 2005]. Recently 
abnovel betalain-rich extract/concentrate (BRE) was tested 
inbabpilot clinical study that reported short-term treatment 
with BRE which improved thebfunction andbcomfort ofbknee 
joints inb individuals with knee distress [Pietrzkowski etbal., 
2014]. Thebchemopreventive andbstrong antioxidant proper-
ties ofbbetalains stimulate research on their new structures, 
derivatives, andbespecially their infl uence on health. 

Recently, several detailed research have been published 
on new products ofb degradation ofb betacyanins present 
inbpreparations subjected to thermal processing, especially 
on decarboxylated derivatives as well as their infl uence on 
human health [Cai etbal., 2005; Stintzing etbal., 2004; Tes-
oriere etbal., 2005]. Such derivatives were obtained bybheat-
ing thebnatural substrates, previously isolated inb aqueous 
andb alcoholic solutions [Wybraniec, 2005; Wybraniec & 
Mizrahi, 2005]. Thebresearch on betanidin decarboxylation 
inbethanolic solutions was performed bybDunkelblum etbal. 
[1972] as well as bybMinale & Piattelli [1965]. Additionally, 
thermal treatment ofbbetanin inbaqueous /alcoholic media 
was described bybAltamirano etb al. [1993] andbbybSimon 
etbal. [1993] however, without structural studies. Inbthebcase 
ofbB. vulgaris L. juice, thermal treatment led to thebforma-
tion ofbdifferent mono- (17-decarboxy- andb2-decarboxy-), 
bi- (2,17-bidecarboxy-), andb tri- (2,15,17-tridecarboxy-) 
decarboxylated betacyanins along with their diastereo-
mers, andb minor levels ofb 14,15-dehydrogenated (neo-) 
derivatives which were identifi ed bybLC-DAD-ESI-MS/MS 
[Herbach etb al., 2004, 2006; Wybraniec, 2005; Wybraniec 
& Mizrahi, 2005]. Due to lower polarity ofbdecarboxylated 
derivatives, their retention times during HPLC analysis on 
theb reversed phase are longer inb contrast to their starting 
substrates. Furthermore, different mechanisms ofb decar-

boxylation infl uenced byb theb type ofbalcoholic or aqueous 
media were indicated based on different mono-decarbox-
ylation products ofb betanin/isobetanin. Defi nitely faster 
degradation process, leading to theb formation ofb double 
decarboxylation products, was observed inbethanolic solu-
tions, which should bebtaken into account during analytical 
samples preparation [Wybraniec, 2005; Wybraniec & Miz-
rahi, 2005]. 

Degradation products ofb thermal processing ofb isomeric 
to betanin gomphrenin pigments present inbBasella alba L. 
fruit juice were also identifi ed andb their tentative structures 
were established for thebfi rst time bybLC-DAD-ESI-MS/MS 
andbLCMS-IT-TOF.bTheb research reports that thebprincipal 
degradation products present inbheated B. alba fruit juice were 
2-, 17-, andb 2,17-decarboxy-gomphrenins, their diastereo-
mers, as well as minor levels ofb their 14,15-dehydrogenated 
derivatives (neo-derivatives). Itbwas also noticed that thebpo-
sition ofb betanidin glucosylation at carbon C-5b or C-6b af-
fected theb chromatographic differences between betanin 
andbgomphrenin derivatives. Due to various chromatographic 
properties as well as greater stability inbrelation to their cor-
responding betacyanins, theb processed betacyanins arising 
inbthebprocess ofbthermal decarboxylation andbdehydrogena-
tion represent abvery interesting research material suitable for 
wider applications [Kumorkiewicz etbal., 2017]. 

Inbthis contribution, further studies on betacyanins ther-
mal decarboxylation are reported, especially these searching 
for new structures formed bybdecarboxylation ofbthebmain pig-
ments present inbthebBRE extract bybmeans ofbliquid chroma-
tography coupled to diode array detection andbelectrospray 
ionization tandem mass spectrometry (LC-DAD-ESI-MS/
MS). Infl uence ofbdifferent heating conditions on generation 
ofbdecarboxylated betanins was investigated as well.

MATERIALS ANDbMETHODS

Reagents
Formic acid, acetic acid, LC-MS grade methanol, andbwa-

ter were obtained from Sigma Chemical Co. (St. Louis, MO, 
USA). 

Plant material 
Betalain-rich extract (BRE) [Nemzer etbal., 2011] was ob-

tained from FutureCeuticals, Inc. (Momence, IL, USA).

Heating experiments
BRE aqueous solutions (30bmL) were prepared at con-

centrations: 0.70, 0.50, 0.25, andb0.10bg/L (Tableb1) andbacidi-
fi ed with acetic acid (1.0bandb2.5bg/L). These samples were 
heated at 85ºC inbabwater bath for 45bmin. Aliquots (1bmL) 
ofb theb heated samples were taken inb one repetition for 
LC-DAD-ESI-MS/MS analysis every 15bmin.

Chromatographic analysis inbthebLC-DAD-ESI-MS/MS 
system

An LCMS-8030bmass spectrometric system (Shimadzu, 
Kyoto, Japan) coupled to LC-20ADXR HPLC pumps con-
trolled with LabSolutions software (Shimadzu) was used 
for theb chromatographic andbmass spectrometric analyses. 
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Thebsamples were eluted through ab150bmm × 4.6bmm i.d., 
5.0b μm, Kinetex C18b chromatographic column preceded 
byb ab guard column ofb theb same material (Phenomenex, 
Torrance, CA, USA). Theb injection volume was 20b μL, 
andbthebfl ow rate was 0.5bmL/min. Thebcolumn was thermo-
stated at 40ºC.bThebanalytes were separated using abgradient 
system as follows: 5% B inbAb(v/v) at 0bmin; gradient to 70% B 
inbAbat 12bmin, gradient to 20% B inbAbat 15bmin, isocratic at 
20% B inbAbtill 19bmin, with Ab– 2% aqueous formic acid (v/v), 
andbB – methanol. Online UV/Vis spectra were acquired using 
thebPDA (photodiode-array detection) mode.

Theb positive ion electrospray mass spectra (m/zb range 
100–2000) were recorded on thebLC-MS system which was 
controlled with LabSolutions software (electrospray volt-
age 4.5bkV; capillary 250°C; sheath gas: N2), recording total 
ion chromatograms, mass spectra andb ion chromatograms 
inbselected ion monitoring mode (SIM) as well as theb frag-
mentation spectra. Argon was used as theb collision gas for 
CID experiments. Thebrelative collision energies for MS/MS 
analyses were set at -35bV. 

RESULTS ANDbDISCUSSION

ThebLC-MS selected ion chromatograms present inbFig-
ureb 1bdepict ab typical betacyanin andbdecarboxylated beta-
cyanin profi le inb ab betalain-rich extract/concentrate (BRE) 
before theb heating experiments. Theb dominant presence 
ofbbetanin (1) andbits isoform (1’) with substantial participa-
tion ofbvery well-separated 17-decarboxy-betanin/-isobetanin 
(2/2’) as well as 15-decarboxy-betanin (3) (Tableb2) confi rms 
results from the previous research [Nemzer etbal., 2011]. Fur-
ther inspection ofbchromatograms revealed small quantities 
ofbabslightly resolved pair ofb2-decarboxy-betanin/-isobetanin 
(5/5’) (absorption maximum at λmax 533bnm) andban unre-
solved pair ofb 2,17-bidecarboxy-betanin/-isobetanin (6/6’), 
similarly to theb previous reports (λmax 507b nm)  [Nemzer 
etbal., 2011; Wybraniec, 2005]. For thebidentifi cation, abseries 
ofbalready known decarboxylated betanin standards was used 
inbthebstudy [Wybraniec etbal., 2006].

Figureb2bpresents thebstructures ofb thebstudied pigments 
(Tableb 2) andb possible decarboxylation reactions starting 
from betanin. 

Interestingly, except for very well-known betanin de-
rivatives identifi ed as 2,17-bidecarboxy-betanin/-isobetanin 
(6/6’), other two new isomeric bidecarboxylated betanins 
(peaks 4bandb7) were detected inbBRE which fi tted to thebre-
action scheme (Figureb2). These compounds displayed ab-
sorption maxima at λmax 494bandb532bnm, respectively, thus 
differing from thebmaximum for compound 6/6’ andbpseu-
domolecular ions at m/zb 463 (Tableb 2), clearly confi rming 
ab loss ofb two CO2bmoieties from theb starting Bt/IBt (1/1’). 
Subsequent fragmentation to ions ofb m/zb 301b confi rmed 
theb existence ofb ab bidecarboxylated fragment ofb betanidin 
andbsuggested thebformation ofbbidecarboxylated betanin /iso-
betanin. These compounds could presumably bebassigned to 
15,17-bidecarboxy-betanin (4) andb2,15-bidecarboxy-betanin 
(7) based on analogous retention differences between 17-dBt 
(2) andb2-dBt (5) (2-decarboxylated betacyanins are more re-
tarded on thebcolumn than theb17-decarboxylated derivatives) 

TABLEb1. Composition ofbaqueous solutions containing thebbetalain-
-rich extract (BRE) heated at 85ºC.

Test No. Sampling 
time (min)

Concentration 
ofbBRE (g/L)

Concentration 
ofbacetic acid (g/L)

H1 0, 15, 30, 45 0.70 2.5

H2 0, 15, 30, 45 0.50 2.5

H3 0, 15, 30, 45 0.25 2.5

H4 0, 15, 30, 45 0.10 2.5

H5 0, 15, 30, 45 0.70 1.0

H6 0, 15, 30, 45 0.50 1.0

H7 0, 15, 30, 45 0.25 1.0

H8 0, 15, 30, 45 0.10 1.0
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FIGUREb1. Chromatographic LC-MS traces ofbselected ions ofbbetanin andbits decarboxylated derivatives inbthebbetalain-rich extract (BRE). 
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[Wybraniec, 2005]. Theblack ofbthebcarboxyl moiety at carbon 
C-15bimplicates theblack ofbthebchirality at this position, there-
fore, only single forms ofbthebpigments 4bandb7bare detected 
inbthebchromatograms, which supports their identifi cation.

Inbcontrast to thebprevious report [Nemzer etbal., 2011], 
theb presence ofb 2,15,17-tridecarboxy-betanin (8) was ac-
knowledged (Figureb 2, Tableb 2). This compound displayed 
abpseudomolecular ion at m/zb 419bduring LC-MS analysis 
andb an absorption maximum ofb λmax 503b nm. Subsequent 
fragmentation experiments on theb pseudomolecular ion at 
m/zb419brevealed fragmentation ions at m/zb257, which proved 

thebexistence ofbthebtridecarboxylated fragment ofbbetanidin. 
This conclusion was supported bybthebdetection ofbonly one 
chromatographic peak 8binbthebHPLC system, which resulted 
from thebloss ofbthebchiral center at carbon C-15bofbthis com-
pound. This confi rmed theb presence ofb ab tridecarboxy-be-
tanin for which thebonly possible structure can bebpredicted as 
2,15,17-tridecarboxy-betanin similarly to thebprevious report 
based on thebprolonged heating ofbB. vulgaris juice [Wybra-
niec, 2005].

Thebpresence ofbsome additional quantities ofbbi- andbtri-
decarboxylated derivatives ofb betanin inb theb extract isb pre-

FIGUREb2. Chemical structures ofbdetected betanin andbits decarboxylated derivatives inbthebbetalain-rich extract (BRE) before andbafter heating at 
85ºC for 15, 30bandb45bmin. Thebreaction scheme ofbpossible decarboxylation paths isbalso presented.
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sumably abresult ofbabdeeper decarboxylation process which 
isb inherent inb thebcurrent preparation process ofbBRE.bNev-
ertheless, further decarboxylation experiments performed 
inb this study showed that thebgeneration ofb these pigments 
can beb due to theb controlled thermal decarboxylation of 
Bt/IBt (1/1’) andb especially mono-decarboxylated betanins 
(2/2’, 3bandb5/5’).

Thebprofi les ofbthebmain pigments inbthermally-treated BRE 
were similar to thebprofi les ofbearly heating products ofbBeta 
vulgaris L. root [Wybraniec, 2005]. Theb aqueous solutions 
acidifi ed bybacetic acid were heated for 45bmin, andbthebtem-
perature (85°C) ofb thebheating process was high enough to 
enable monitoring changes inbthebcompositions ofbthebresult-
ing mixtures within that time range. All thebdetected heating 
products (Figures 1–3) were less polar than their correspond-
ing precursors. Similar experiments were performed also on 
betanin-based pigments, phyllocactin, andbhylocerenin which 
released high quantities ofbmono-decarboxylated andb espe-
cially bi-decarboxylated derivatives inbaqueous or ethanolic 
solutions [Wybraniec & Mizrahi, 2005]. 

Thebexperimental results (Tableb3) obtained after 30bmin 
ofb heating when betanin was almost completely degraded 
were presented graphically as abgeneration ratio (GR) which 
isb theb ratio between measured signals (chromatographic 
peak areas) for abselected compound after 30bmin ofbheating 
andbab reference before heating. Each reference was prepared 
for thebdefi ned concentration level (Tableb1) ofbBRE (0.70, 0.50, 
0.25, andb 0.10b g/L). ThebGR index represents theb tendency 
ofbabcompound to bebgenerated over being degraded, therefore, 
obviously only degradation was observed (very low GR values) 
for Bt/IBt (1/1’) (Tableb3). Tableb3bpresents abfull set ofbthebre-
sults obtained for thebsampling times ofb15, 30, andb45bmin.

Inb this study, theb heating experiments performed with 
thebhigher concentration ofbacetic acid (2.5bg/L) inb thebdis-
solved extract sample revealed, fi rst ofb all, ab selective gen-
eration ofb2-decarboxy-betanin/-isobetanin (5/5’) (Figureb3, 
Tableb3) which are present inb thebBRE extract at abvery low 

level. As abresult, high levels ofbthebGR index reaching thebval-
ue ofb20–40bafter heating for 30bmin (Figureb3) indicate mostly 
thebgeneration ofbcompounds 5/5’ andbtheir low tendency to 
beb degraded under theb experimental conditions. This also 
means that theb bidecarboxylated compounds (6/6’ andb 7) 
generated at abhigher rate (Tableb3) according to thebreaction 
scheme (Figureb 2) are formed rather not from compounds 
5/5’ but mostly from 17-dBt/-IBt (2/2’) as well as 15-dBt (3), 
respectively, bybfurther decarboxylation at carbon C-2.

Theb diastereomeric pair ofb 2-decarboxy-betanin/-iso-
betanin (5/5’) can obviously beb formed only from Bt/IBt 
(1/1’). Theblatter pigment was mostly degraded after 30bmin 
ofb heating, especially at medium concentration levels (Fig-
ureb3, Tableb3). Decreasing extract concentration from 0.7bto 
0.1bg/L resulted inban increased signal ratio ofbcompounds 
5/5’ to 2/2’ or 5/5’ to 3. This isbalso due to theb further de-
carboxylation ofb17-dBt/-IBt (2/2’) andb15-dBt (3) (Tableb3) 
which are already present at high quantities inb thebBRE ex-
tract andbare generated from betanin at ablower rate inbthese 
conditions. Similarly to betanin, pigments 2/2’ andb3bwere 
degraded at thebhighest rate at BRE medium concentration 
levels (Tableb3).

Ab previous report [Wybraniec, 2005] also presented 
data indicative ofb theb preferential generation ofb 2-dBt/-IBt 
(5/5’) inbaqueous acidic solutions ofbred beet extract inbcon-
trast to ethanolic solutions which enhanced theb generation 
ofb 17-dBt/-IBt (2/2’). Our report more specifi cally defi nes 
conditions inbwhich thebformation ofbtarget derivatives occurs. 
According to thebresults, thebmost decisive isbthebconcentra-
tion ofbthebsubstrate (Bt/IBt (1/1’)). Another important fac-
tor isbthebconcentration ofbacetic acid. Its lower concentration 
(1b g/L) increased theb optimal substrate concentration (Ta-
bleb3), which promoted thebgeneration ofb2-dBt/-IBt (5/5’). 

Thebprofi le ofbbidecarboxylated betanins (4, 6/6’ andb7) 
generated during thebheating experiments was also dependent 
on thebstarting concentration ofbthebBRE substrate (Tableb3). 
Concentration ofbbidecarboxylated betanin (4) decreased after 

TABLEb2. Chromatographic, spectrophotometric, andbmass spectrometric data ofb thebanalyzed betanin-based decarboxylated betacyanins present 
inbthebbetalain-rich extract (BRE) heated at 85ºC for 15, 30, andb45bmin.

No. Compound name Abbreviation
tR λmax m/z

(min) (nm) [M+H]+

1 betanin Bt 9.2 536 551

2 17-decarboxy-betanin 17-dBt 9.7 505 507

1’ izobetanin IBt 9.9 536 551

2’ 17-decarboxy-isobetanin 17-dIBt 10.4 505 507

3 15-decarboxy-betanin 15-dBt 11.1 527 507

4 15,17-bidecarboxy-betanin 15,17-dBt 11.1 494 463

5/5’ 2-decarboxy-betanin 2-dBt/-IBt 11.8 533 507

6/6’ 2,17-bidecarboxy-betanin/isobetanin 2,17-dBt/-IBt 12.6 507 463

7 2,15-bidecarboxy-betanin 2,15-dBt 13.6 532 463

 8 2,15,17-tridecarboxy-betanin 2,15,17-dBt 13.8 503 419
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thebheating, therefore, this pigment was rather not meaning-
fully generated. Itbisbpossible that its presence results only from 
abchemical process taking place during production ofbthebBRE 
extract, but itbcannot beb formed bybheating. Abhigh concen-
tration ofbBRE enhances thebformation ofb2,17-bidecarboxy-
-betanin/-isobetanin (6/6’) over 2,15-bidecarboxy-betanin 7 

(Tableb3). During thebheating experiment, contents ofb com-
pounds 6/6’ andb7bsuccessively increased at all conditions (Ta-
bleb3), however, at theblow concentration ofbBRE, theblatter pig-
ment signal outweighed andbthis effect was more pronounced 
at thebhigher concentration ofbacetic acid (2.5bg/L). These dif-
ferences can, presumably, bebattributed to thebmatrix effect. 

TABLEb3. Results ofbtheb15, 30bandb45bmin heating ofbthebbetalain-rich extract (BRE) expressed as thebgeneration ratio (GR) between measured signals 
(chromatographic peak areas) after heating andbabreference before heating for betanin as well as its generated decarboxylated derivatives. 

Generation ratio (GR)

2.5bg/L acetic acid 1.0bg/L acetic acid

Sample code: H1 H2 H3 H4 H5 H6 H7 H8

BRE conc. (g/L): 0.70 0.50 0.25 0.10 0.70 0.50 0.25 0.10

No. Compound 15bmin

1 Bt 0.087 0.017 0.077 0.39 0.46 0.10 0.020 0.22

2 17-dBt 0.58 0.17 0.38 0.85 0.68 0.46 0.15 0.39

1’ IBt 0.070 0.014 0.059 0.34 0.43 0.086 0.023 0.21

2’ 17-dIBt 0.51 0.13 0.36 0.81 0.64 0.40 0.11 0.33

3 15-dBt 0.66 0.30 0.34 0.52 0.89 0.64 0.23 0.59

4 15,17-dBt 0.41 0.12 0.32 0.71 0.60 0.29 0.029 0.30

5/5’ 2-dBt/-IBt 27.2 19.1 22.2 22.5 42.4 21.9 5.7 4.0

6/6’ 2,17-dBt/-IBt 9.7 6.1 1.8 1.1 3.3 3.6 1.0 0.34

7 2,15-dBt 4.2 3.5 1.6 1.6 2.4 2.9 0.93 0.001

8 2,15,17-dBt 1.2 1.0 0.44 0.41 0.83 0.72 0.33 0.46

No. Compound 30bmin

1 Bt 0.049 0.002 0.002 0.059 0.20 0.025 0.002 0.11

2 17-dBt 0.42 0.095 0.24 0.56 0.68 0.34 0.031 0.046

1’ IBt 0.039 0.002 0.002 0.045 0.20 0.019 0.002 0.071

2’ 17-dIBt 0.36 0.061 0.21 0.54 0.65 0.26 0.019 0.087

3 15-dBt 0.52 0.22 0.28 0.39 0.80 0.54 0.11 0.41

4 15,17-dBt 0.28 0.056 0.18 0.42 0.55 0.22 0.010 0.13

5/5’ 2-dBt/-IBt 22.6 14.8 18.6 19.5 36.4 16.5 1.8 1.4

6/6’ 2,17-dBt/-IBt 11.7 8.3 2.7 1.7 4.8 6.1 2.2 0.30

7 2,15-dBt 6.0 5.5 2.4 2.5 3.3 3.9 1.9 0.001

8 2,15,17-dBt 1.6 1.3 0.7 0.8 1.1 1.1 0.55 0.77

No. Compound 45bmin

1 Bt 0.011 0.001 0.001 0.021 0.043 0.006 0.001 0.023

2 17-dBt 0.29 0.085 0.12 0.43 0.45 0.21 0.014 0.015

1’ IBt 0.015 0.001 0.001 0.017 0.041 0.008 0.003 0.018

2’ 17-dIBt 0.25 0.042 0.10 0.37 0.42 0.16 0.006 0.026

3 15-dBt 0.37 0.16 0.19 0.25 0.58 0.37 0.077 0.28

4 15,17-dBt 0.10 0.035 0.07 0.27 0.43 0.13 0.003 0.040

5/5’ 2-dBt/-IBt 17.4 14.6 15.0 15.0 20.3 8.9 1.4 0.63

6/6’ 2,17-dBt/-IBt 14.0 9.4 3.4 2.3 6.0 6.3 3.2 2.0

7 2,15-dBt 7.3 7.0 3.1 3.2 4.9 5.0 2.6 1.6

8 2,15,17-dBt 1.8 1.7 0.96 1.1 1.4 1.2 0.46 0.68
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Thebpresence ofb2,15,17-tridecarboxy-betanin (8) inbthebre-
action mixtures was strongly dependent on both theb factors 
(Tableb 3) andb acetic acid concentration increased enhanced 
thebgeneration ofbpigment 8, especially at thebhigher BRE con-
centration, however, during thebheating experiment, thebcontent 
ofbcompound 8bincreased successively at all conditions (Tableb3). 

CONCLUSION

This isbthebfi rst report on thebpresence ofbnew bidecarboxyl-
ated betanins inbB. vulgaris extract as well as their generation 
bybheating betanin/isobetanin andbmono-decarboxylated beta-
nins as thebmain ingredients ofbthebextract mixture. Taking into 
account that especially 2,15-bidecarboxy-betanin can bebpres-
ent at higher quantities inb theb processed B. vulgaris juices 
andbextracts, this compound – as an additional decarboxylated 
betanin – might have abstrong infl uence on thebbioactivities of 
B.bvulgaris products, which was not considered before. Further 
studies will bebperformed to demonstrate if thebdecarboxylated 
betanins, which are degradation products ofbheated B.b vulgaris 
preparations, can bebused for various food applications with 
new health-promoting potentials andbcolorant properties.  
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INTRODUCTION

Thebconcern for healthy eating has driven thebsearch for 
more natural ingredients andbadditives. As part ofbthis reality, 
thebuse ofbnatural pigments inbfood industrialization has been 
extended.

Natural pigments are extracted from plant tissues rich 
inbsuch compounds as betalains, anthocyanins, carotenoids, 
andb chlorophylls. Red beet (Beta vulgaris L. var conditiva) 
contains betacyanins andbbetaxanthins that are characterized 
bybthebpresence ofbbetalamic acid inbtheir chemical structure 
[Polturak & Aharoni, 2018; Sakuta, 2014; Stintzing etb al., 
2002]. Thebbetacyanins (Bc) are absource ofbred-violet color 
with λmax ofbabsorption spectrum at 530bnm [Saenz etbal., 2012] 
whereas betaxanthins (Bx) provide food with yellow-orange 
color having abλmax ofbabsorption spectrum at 470bnm [Khan 
& Giridh ar, 2015]. More than 80% ofbthebred pigments inbbeet 
are betacyanins, mainly betanin (betanidin 5-O-β-glucoside) 
andbits isomer isobetanin [Nemzer etbal., 2011; Sawicki etbal., 
2016]. Inbaddition, there are approximately 15bnatural betax-
anthins inbred beet, with vulgaxanthin Ibandbindicaxanthin be-
ing thebmain ones [Khan & Giridhar, 2015].

* Corresponding Author:  Tel.: +54 11 52859014;
E-mail: lia@di.fcen.uba.ar (L.N.bGerschenson)

Thebstability ofbbetalains isbaffected bybdifferent factors, 
such as temperature, pH, water activity, light, presence or 
absence ofb oxygen, andb enzymatic action [Celli & Brooks , 
2017; Herbach etb al., 2006; Wybraniec & Mizrahi, 2005]. 
Betacyanins inbbeet extracts have been noted as having pH 
stability inb theb range ofb3–7 [Mikołajczyk-Bator & Czapski, 
2017] andb to beb readily susceptible to thermal degradation 
[Gengatharan etbal., 2016]. Temperatures above 50°C are re-
ported to produce theb loss ofbcolor andbantioxidant capac-
ity. Inb thebheat treatment, thebbetacyanins can bebdegraded 
byb isomerization and/or decarboxylation [Kumorkiewicz 
& Wybraniec, 2017]. Abslight hypsochromic andbhypochro-
mic change can occur displacing thebmaximum absorption 
inbthebspectrum, therefore imparting an orange-red color [Az-
eredo, 2009]. Also, betanin andb isobetanin can bebdehydro-
genated andbhydrolyzed causing thebformation ofbneobetanin 
(4, 15-dehydrobetanin), which isb bright yellow [Herbach 
etbal., 2006]. On thebother hand, betaxanthins are also ther-
mally sensitive andbhave ablower stability than betacyanins do 
[Pires Goncalves etbal., 2013].

Inb theb food area, betalains application isb accepted 
byb theb European Community [2008] andb these pigments 
(named E162) are used inb theb production ofb jellies, jams, 
strawberry yogurt, ice cream, fruit cocktails, candies, 
andbcookies [Esatbeyoglu etbal., 2015].
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Thebobjective ofbthis study was to evaluate thebthermal stability (5°C, 25°C, andb45°C) ofbbetalains present inbby-products ofbthebblanching andbcut-
ting ofbBeta vulgaris L. var conditiva, to evaluate thebpossibility ofbtaking advantage ofbthem as absource ofbnatural colorants to bebincorporated inbfood 
products. Thebidentifi cation ofbthebbetalain compounds present inbthese by-products was also performed. Blanching waters showed pigment degra-
dation at all thebtemperatures evaluated. Thebremnant tissues were freeze dried rendering beetroot powders whose pigments only presented thermal 
degradation at 45°C.bSixteen betalain compounds were identifi ed inbpowders bybchromatography andbitbwas concluded that abthermal treatment at 45ºC 
during six days affected thebchemical stability ofbsome ofbthese compounds, producing abdiversity ofbbetalain degradation products. Results obtained al-
lowed concluding that thebred beetroot powder would have abbetter performance as abnatural coloring additive than thebblanching water at temperatures 
below 45°C.bProbably, theblow water activity ofbthebpowder andbits lignin content ensured an effective protection ofbthebpigments up to this temperature.
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Plant by-products are promising sources ofb high-value 
compounds with antioxidant and/or antimicrobial properties, 
such as fi bers andbpolyphenols [O’Shea etbal., 2012]. Red beet 
processing generates large quantities ofb underutilized bio-
mass [Fernandez etbal., 2017]. Bengardino etbal. [2019] stud-
ied thebextraction ofbbioactive compounds from beet leaves 
for thebvalorization ofbthis by-product. 

Red beet roots are consumed fresh, fermented, dried or 
after thermal processing. Polyphenol oxidase (PPO) andbper-
oxidase (POX) are present inbplant tissues andbduring pres-
ervation andb storage ofb food products based on red beets, 
these enzymes are responsible for changes inbcolor andbnutri-
tive value. For thebreduction ofbenzymes activity, inbgeneral, 
abblanching treatment isbapplied inbthebframe ofbraw material 
industrialization [Latorre etbal., 2012]. Itbisbalso usual to sub-
ject these tissues to cutting andbtrimming to give them thebde-
sired geometrical characteristics [Jideani etbal., 2017]. Blanch-
ing andbcutting give theborigin to remnant water andbsolids 
that can give rise to additives andb ingredients to beb used 
inbthebfood industry itself. 

Thebobjective ofb this study was to evaluate theb thermal 
stability ofbbetalains present inbby-products ofbthebblanching 
andbcutting ofbBeta vulgaris roots, to evaluate thebpossibility 
ofbtaking advantage ofbthem as absource ofbnatural colorants 
to bebapplied inbfood products. Thebidentifi cation ofbthebbeta-
lain compounds present inbthese by-products was performed 
as well.

MATERIALS ANDbMETHODS

Chemicals
Chemicals used were ofbanalytical quality andbprovided 

byb Sigma-Aldrich (Saint Louis, USA) or Merck Química 
(Buenos Aires, Argentina). Thebsolvents for chromatography 
were ofbHPLC quality. Deionized water was used (Milli-QTM, 
Billerica, MA, USA).

Plant material
Samples ofbbeet (Beta vulgaris L. var conditiva) roots were 

obtained from local markets inbBuenos Aires city (Argentina). 

Obtaining beet root by-products
Red beets were washed, peeled, andbcut into slices 1bcm 

thick, 4.9b cm to 6.0b cm inb diameter. Slices were subjected 
to ab blanching treatment byb immersion inb water at 90°C 
for 7bmin with ab tissue/water ratio ofb0.5bkg/L according to 
Latorre etbal. [2010]. Thebremnant water was frozen (-18°C). 
Thebtissues were considered equivalent to those from thebcut-
ting operation inb theb industrialization andbwere also frozen 
at -18°C.bTheir water was sublimated inb ab Pennsalt freeze 
dryer (Pennsalt, Philadelphia, USA) at ab chamber pressure 
ofb100bmm andb shelf temperature ofb25°C.bThey were then 
milled inb ab domestic blade mill (DeLonghi, Buenos Aires, 
Argentina) andbsieved to obtain powders with abparticle size 
smaller than 105bμm. 

Theb peroxidase andb polyphenol oxidase activities 
inb theb powders were evaluated according to Latorre etb al. 
[2010] andbexpressed as absorbance unit/(min × mg protein).

Chemical analysis ofbcell wall components inbbeetroot 
powders

Uronic acids, total (non-cellulosic) carbohydrates, cellu-
lose, lignin, andbprotein contents were evaluated inbred beet 
powders, according to Ng etbal. [1998] bybmeans ofbsulfuric 
acid hydrolysis. From thebfi nal residues, cellulose andblignin 
were determined gravimetrically, whilst thebnon-cellulosic car-
bohydrates, uronic acid as well as protein contents were de-
termined inbsupernatants with thebmethods reported bybDu-
bois etbal. [1956], Filisetti-Cozzi etbal. [1991], andbLowry etbal. 
[1951], respectively. 

Moisture content andbwater activity ofbbeetroot powders
Moisture content ofbthebpowders was determined, inbdu-

plicate, bybmeans ofbandb infrared scale (Moisture Analyzer 
MB45bOhaus Corporation, New Jersey, USA), using ab 0.500bg
sample.

Water activity was measured two times at 25°C inbabDeca-
gon AquaLab (Series 3bWater Activity Meter, Pullman, WA, 
USA), as explained bybBasanta etbal. [2016].

Evaluation ofbthermal stability ofbbetalains inbbeetroot 
by-products

Theb powder was fractionated inb amounts ofb 3.000b g 
inb caramel glass fl asks (volume 30b mL) andb stored, for 
6bdays, at 5°C, 25ºC, andb45ºC.bInbthebcase ofbblanching water 
(pH=6.3),  2.00bmL were stored for 4bdays inbthebsame type 
ofbfl asks, at thebsame temperatures. Storage was performed 
inbduplicate.

After each storage day, thebsamples were characterized for 
their UV/Vis spectrum, total betalains content, andbcolor pa-
rameters.

Betalain extraction andbquantifi cation
For thebpowder characterization, abquantity ofb0.5000bg 

was extracted with 15bmL ofbMilli-QTM water, stirred for 2bh, 
andbcentrifuged at 7700× g andb4°C for 15bmin (Eppendorf 
5804R, Hamburg, Germany). Thebsupernatant was separated 
andbused for measurement. Inb thebcase ofbblanching water, 
thebmeasurement was performed directly on thebsample.

According to Moβhammer etbal. [2006], powder extracts 
obtained or blanching water were diluted inbMcIlvaine buffer 
(pH=6.5) to adjust thebmaximum absorption at 1.00±0.05bat 
wavelengths ofb 536b nm (betacyanins) or 476b nm (betax-
anthins). Thebmeasurement was carried out inb abUV-mini 
1240UV-VIS spectrophotometer (Shimadzu, Kyoto, Japan). 
Thebcontent ofbbetacyanins (Bc) andbbetaxanthins (Bx) was 
calculated as: 

Bc or Bx = [(Ab× DF × Mw × 100/ɛ × l)]. 

where: Ab isb theb absorption value ofb theb betanin at its λmax 
ofb536bnm or vulgaraxanthin at its λmax ofb476bnm, corrected 
byb theb absorption at 600bnm; DF isb thebdilution factor and 
l isbthebpathlength (1bcm) ofbthebcuvette; Mw isbthebmolecular 
weight ofbbetanin (550bg/mol) or vulgaraxanthin I (339bg/mol); 
andbɛ isbthebmolar extinction coeffi cient ofbbetanin (60,000bL/
(mol × cm)) or vulgaraxanthin (48,000bL/(mol × cm)). 
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Theb contents ofb betacyanins andb betaxanthins were ex-
pressed as mg/100bg for powder andbas mg/L for blanching 
water.

Determinations were performed three times, andbaverage 
andbstandard deviation (SD) are reported.

Absorption spectra 
Theb spectra were determined for theb extracts ob-

tained from powders as described inb thebBetalain extraction 
andbquantifi cation section or directly on blanching water. Both 
were previously diluted with Milli-QTM water to adjust thebab-
sorption maximum to 1.00±0.05. Thebwhole visible spectrum 
(300–700bnm) was recorded at constant intervals (Δλ=2bnm) 
using abUV-mini 1240UV-VIS spectrophotometer (Shimadzu, 
Kyoto, Japan) andb2bmm pathlength glass cells. 

Color
Measurement ofbpowders andbwater color was performed 

with abMinolta colorimeter (Minolta CM-600bCo. Ltd., Osa-
ka, Japan) with natural daylight illuminant D65bandbstandard 
observer angle α: 10°. Each sample was placed on abwhite 
tile, registering thebcolor through thebchromatic coordinates 
ofb theb CIELab space, L* (ranging from 0, black, to 100, 
white), a* (positive values for reddish colors andbnegative val-
ues for greenish ones), andbb* (positive for yellowish colors 
andbnegative for thebbluish ones). 

Thebaverage andbSD for triplicate measurements are re-
ported.

Chromatographic analysis ofb betalains inb beetroot 
powders 

To clarify thebmechanism ofbbetalains degradation, abchro-
matographic analysis was performed for beetroot powders at 
45°C.

Extraction ofbbetalains
Abquantity ofb1.0bg ofbpowder was extracted twice with 

10bmL ofbmethanol/water (80:20, v/v) under continuous agi-
tation, then centrifuged at 7700× g andb4°C for 15bmin (Ep-
pendorf 5804R, Hamburg, Germany). Thebsupernatants were 
mixed andb concentrated to ab fi nal volume ofb 2bmL, under 
reduced pressure at room temperature (25°C), then fi ltered 
through ab0.45bμm nylon fi lter andbdirectly analyzed bybHPLC 
[Swarna etbal., 2013]. 

HPLC-DAD analysis
HPLC-DAD analyses ofb theb extracts were performed 

with abWaters HPLC 1525b system (Waters, Milford, USA), 
equipped with abbinary pump system (model M0925P), abde-
gasser (model M09DG2 455M), andbwith abphotodiode ar-
ray detector (model A10998). An Eclipse XDB-C18bcolumn 
(150bmm x 4.6bmm, 5bμm particle size, Agilent, USA), with 
abmobile phase ofb formic acid (1bmL/100bmL water) (A) 
andbacetonitrile (B) [Swarna etbal., 2013], at 0.3bmL/min fl ow 
rate andb20bμL injection volume was used inbthebstudy. Ablin-
ear gradient was used, starting with 1% B andbup till reach-
ing 33% after 40bminutes. Chromatograms were recorded 
at 470b andb 530b nm which correspond to theb betaxanthins 
andbbetacyanins maximum absorption wavelengths.

HPLC-ESI-MS-MS analysis
HPLC-ESI-MS/MS analyses were performed with an Ag-

ilent 1200bHPLC system (Agilent Technologies, Wilmington, 
USA) provided with abbinary pump (model G1312B), an auto-
matic injector (model G1367D), abdegasser (model G1379B), 
andbabphotodiode array detector (model G1315C) register-
ing thebchromatograms at 470bnm andb530bnm. ThebHPLC 
system was coupled with abhigh-resolution mass spectrom-
eter Bruker micrOTOF-QII (Bruker Daltonics, Billerica, MA, 
USA) with an electrospray ionization source (ESI). Thebion-
ization conditions were 200°C andb 4.5b kV for theb capillary 
temperature andbvoltage, respectively. Thebnitrogen pressure 
as thebnebulizer gas andb its fl ow rate as thebdrying gas, was 
3.0bbar andb6.0bL/min, respectively. Thebmass scan was per-
formed between 50bandb950bm/zbinbpositive mode. Thebacqui-
sition andbprocessing ofbdata were done using thebsoftware 
Bruker Compass Data Analysis ver. 4.0 (Bruker Daltonics, 
Billerica, MA, USA). Peak identifi cation was carried out 
bybmeans ofbthebUV spectra andbmass spectra with identifi ca-
tion ofbtheb[M+H]+ ions ofbthebindividual compounds, as well 
as their fragmentation. 

Statistical analysis 
Results are reported as average andb SD.b Theb num-

ber ofb replicates isb stated for each analysis. Theb compari-
son ofb theb results was carried out bybmeans ofban analysis 
ofbvariance, ANOVA, with theblevel ofbsignifi cance at α=0.05. 
ThebTukey test was used “abposteriori” [Sokal & Rohlf, 2000]. 

Statistical analysis was performed using thebPrism 5butility 
(Statistical Software for Windows GraphPad, La Jolla, USA). 

RESULTS ANDbDISCUSSION 

Effi ciency ofbblanching treatment 
Itb isb important to note that theb results obtained inb rela-

tion to thebactivity ofbPOX andbPPO (Figureb1) showed that 
thebblanching method used was effective inbinhibiting thebac-
tivity ofbboth enzymes. Therefore, thebresults reported below 
are not affected bybthem.

Chemical composition andb physicochemical 
characteristics ofbthebby-products

Thebpowder was obtained with an average size <105bμm 
andbabyield ofb12.3bg/100bg tissue. Theblow moisture content 
(4.9bg/100bg powder) andbabwater activity ofb0.28bguarantees 
thebstability against deterioration during storage [Muggeridge 
& Clay, 2001].

Lightness (L*) ofb theb powder was low (23.1±0.1) and 
a* (33.3±0.1) andbb* (3.9± 0.3) color coordinates were both 
above zero, with a* being higher than b*, which isbcoincident 
with thebred color visually observed.

Non-cellulosic carbohydrates (hemicelluloses andb pec-
tins) were thebmain powder components (30.9bg/100bg) and, 
ofbthem, 9.8bg/100bg were constituted byburonic acids. Thebrest 
ofb theb components included proteins (8.5b g/100b g), lignin 
(1.7bg/100bg), andbcellulose (7.0bg/100bg) (Tableb1). Itbisbworth 
noticing that, due to theb technique used to obtain beetroot 
powders, water-soluble pectin andbother residual water-sol-
uble components belonging to thebcytoplasmic medium (i.e. 
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globular proteins, amino acids, mono andb di-saccharides) 
might have been lost during thebprocedure applied [Vincken 
etbal., 2003].

Itb can beb observed inb Tableb 1b that theb powders had 
abhigher content ofbbetacyanins than betaxanthins (0.47bmg 
betanin/100bg vs. 0.26bmg vulgaxanthin/100bg), which isbcoin-
cident with thebtrend observed for color parameters a* andbb*. 
Betalains are found inbthebvacuoles ofbplant cells belonging to 
theborder ofbCaryophyllales [Polturak & Aharoni, 2018]. Ac-
cording to Wiczkowski etbal. [2018] andbSepúlveda-Jiménez 
etb al. [2004], red beetroot accumulates mainly betacyanins 
inbthebform ofbbetanin which isbfound at high concentration 
inbthebroot (0.5bg/kg ofbbetanin). 

Inb thebcase ofbblanching water (pH 6.3), thebL* showed 
values ofb25±1bandb theba* (50±1) andbb* (37±3) param-
eters were positive, with a* being higher than b*. Thebcon-
centration was 5.57±0.56b mg betanin/L for betacyanins 
andb5.36±0.38bmg vulgaxanthin /L for betaxanthins.

Thermal stability ofbbetalains inbbeetroot by-products

UV/Visible spectra 
Figureb 2 (A, B andb C) shows theb UV/Visible spectra, 

inbabwavelength range between 300bnm andb700bnm, for beet-

root powder extracts stored at 5°C, 25°C, andb45°C.bThebwave-
lengths where theb peaks ofbmaximum absorption occurred 
were 470bnm andb530bnm, corresponding to thebabsorption 
ofbbetaxanthins andbbetacyanins, respectively. Similar spectro-
photometric behavior was reported bybother authors [ Cejudo 
etbal., 2014; Cejudo-Bastante etbal., 2014; Stintzing &bCarle, 
2004]. All thebextracts showed that thebpeak at 530bnm had 
abhigher absorbance than thebpeak at 470bnm. Theb temper-
ature exerted abnull effect when theb systems were stored at 
temperatures ofb5°C andb25°C.bNevertheless, thebabsorbance 
values for thebmaximum wavelengths decreased throughout 
storage at 45°C, revealing thebeffect ofb this temperature on 
betalain stability. 

Inbthebcase ofbblanching waters stored at thebthree tempera-
tures, itbcan bebobserved (Figureb2D, E andbF) that thebpeak at 
470bnm showed greater absorbance than thebpeak at 530bnm. 
During storage at 5°C, itbwas observed that thebpeak at 470bnm 
decreased with storage time. At storage temperatures ofb25°C 
andb45°C, itbwas observed abstrong decay ofbboth peaks with 
time andb theb decay increased with temperature. Khan & 
Giridhar [2014] stated that thebdegradation ofbbetalains ac-
celerated with increasing temperature andbheating period.

Content ofbbetalains
Figureb 3 (Ab andb B) shows theb content ofb betacyanins 

andbbetaxanthins inbred beetroot powders. For each storage 
time at different temperatures, theb content ofb betacyanins 
was greater than thebone ofbbetaxanthins. Thebbetalains were 
found to bebmuch more stable at 5°C andb25°C with losses 
ofbless than 1% during storage time. Cai & Corke [2000] also 
studied thebstability ofbbetalains inbamaranth powders, estab-
lishing that thebstability ofbbetalains increases as thebdry mat-
ter increases andbwith abmoisture content below 5%. Serris 
& Biliaderis [2001] reported that theb stability ofb these pig-
ments increases with lower water activity. Inbthebpresent work, 
thebred beetroot powders presented abmoisture content lower 
than 4.9bg/100bg andbabwater activity ofb0.28, facts that can 
justify thebhigh stability ofbbetacyanins andbbetaxanthins at 
5°C andb 25°C.b Itbmust beb also considered that lignin was 
detected inbthebbeetroot powder (Tableb1), which can act as 
an antioxidant, protecting pigments from degradation [You 
etbal., 2019]. However, thebcontent ofbbetalains, varied during 
storage time at 45°C. Abloss ofb60% was observed for thebbe-
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FIGUREb1. Effi ciency ofbblanching procedure for enzymes inactivation. 
(A) Peroxidase activity. (B) Polyphenol oxidase activity. AU: Absorbance unit. ▲ Non-blanched tissues. ● Blanched tissues.

TABLEb 1. Chemical composition ofb theb red beetroot powder prior to 
storage at different temperatures.

Component Content

Moisture (g/100bg) 4.9±0.1

Cellulose (g/100bg) 7.0±0.1

Non-cellulosic carbohydrates (g/100bg) 30.9±0.8

Uronic acids (g/100bg) 9.8±0.8

Proteins (g/100bg) 8.5±0.4

Lignin (g/100bg) 1.7±0.1

Betacyanins (mg betanin/100bg) 0.47±0.01

Betaxanthins (mg vulgaxanthin/100bg) 0.26±0.01

Results are presented as mean ± SD (n=2). Values are reported per 100bg 
ofbpowder.
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FIGUREb2. UV/Visible spectra at different storage temperatures. 
Powder stored at 5°C (A), 25°C (B), 45°C (C). Blanching water stored at 5°C (D), 25°C (E), 45°C (F). Time:  day 0,  day 1,  day 2, 

 day 4,  day 6.

B
e

ta
c
y
a

n
in

s
 (

m
g

 b
e

ta
n

in
/1

0
0

 g
)

Storage period (days)

0.6

0.4

0.2

0.0
0 1 2 3 4

B
e

ta
x
a

n
th

in
s
 (

m
g

 v
u

lg
a

x
a

n
th

in
/1

0
0

 g
)

Storage period (days)

0.6

0.4

0.2

0.0
0 1 2 3 4 66

B
e

ta
c
y
a

n
in

s
 (

m
g

 b
e

ta
n

in
/L

)

Storage period (days)

6.0

3.0

3.5

1.5

0.0

0 1 3

B
e

ta
x
a

n
th

in
s
 (

m
g

 v
u

lg
a

x
a

n
th

in
/L

)

Storage period (days)

6.0

3.0

4.5

1.5

0.0
0 1 2 44

FIGUREb3. Betalain content at different storage temperatures. 

Betacyanins inbpowder (A). Betaxanthins inbpowder (B). Betacyanins inbblanching water (C). Betaxanthins inbblanching water (D). Storage tem-
peratures:  5°C;  25°C;  45°C. Results are presented as mean ± SD (n=3). Different lower case letters indicate signifi cant differences (p<0.05) 
between storage temperatures. Different capital letters indicate signifi cant differences (p<0.05) between storage days. 
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tacyanins andb53% for betaxanthins, showing that these com-
pounds were unstable at this higher temperature.

Inb thebcase ofbblanching water, thebbetalains concentra-
tion was affected byball thebthree temperatures studied, as can 
bebobserved inbFigureb3 (C andbD). Theblosses observed were 
44% (betacyanins) andb52% (betaxanthins) at 5°C, 45% (beta-
cyanins) andb59% (betaxanthins) at 25°C as well as 97% (be-
tacyanins) andb90% (betaxanthins) at 45°C.bCai etbal. [1998] 
reported abhigher stability ofbpigments inbamaranth powders 
compared to aqueous solutions, attributing this trend to 
theblower water activity ofbthebpowders.

Color parameters 
ThebCIELab color parameters (L*, a*, b*) are reported 

inbFigureb4. Thebpowders stored at 5°C, 25°C, andb45°C (Fig-
ureb4bA, B andbC) showed high values for theba* parameter, 
which isbexpressed as abstrongly red color ofbthebpowders. At 
5ºC andb25ºC there was practically no variation inbthebcolor 
parameters with storage time. During storage at 45°C, an 
increase for L* andba* was observed, inbcontrast with abde-
crease for b* parameter. Itbcan bebconcluded that thebcolor 
stability ofb thebpowders was not affected during storage at 
5°C andb25°C but was inbfact affected when thebpowders were 
stored at 45ºC.bThis trend matches theb ones observed for 
spectra andbbetacyanins andbbetaxanthins content which var-
ied signifi cantly during storage time at 45°C.

Inb theb case ofb blanching water (Figureb 4bD, E andbF), 
only thebparameter b* showed abclear trend to abdecrease at 
5ºC.bAt 25°C, both a* andbb* decreased and, at 45°C, L* in-
creased while both a* andbb* decreased showing negative val-
ues for parameter a* at thebhigher storage times which means 
abchange from red to green color.

Itbcan bebconcluded from thebstudies ofbspectra, pigment 
concentration andbcolor parameters, that thebchanges suffered 

bybblanching waters with storage time at 5°C, 25°C andb45°C 
are greater than those occurring inbbeetroot powders. While 
blanching waters showed changes at all temperatures tested, 
thebpowders only suffered changes at 45°C.bThis can bebas-
cribed to their low water activity andb to thebpresence ofb lig-
nin ofb theb cell wall material which can diminish, bybmeans 
ofb its antioxidant activity, theb pigments oxidation at 5°C 
andb25°C.bAs abconsequence, among thebproducts evaluated, 
thebpowders would have abbetter performance as abnatural 
coloring additive than thebblanching waters at temperatures 
below 45°C. 

Therefore, itbisbinteresting to clarify thebchanges suffered 
bybbetalains present inbpowders during storage at 45°C to have 
abmore complete picture ofbthebmechanisms involved inbtheir 
decay as well as ofbtheir potential as coloring additives.

HPLC-DAD-ESI-MS/MS analysis ofb theb betalains 
inbbeetroot powders

Theb betalain compounds ofb beetroot powders non 
stored (I) andbstored at 45°C for 6bdays (II), were evaluated 
bybHPLC-DAD andbHPLC-MS/MS, to analyze theb effect 
ofb temperature on these pigments contained inbab solid ma-
trix. Thebresults are shown inbFigureb5. Thebcompounds were 
identifi ed bybcomparing their retention times (tr) andbMS/MS 
spectra with bibliographic information [Herbach etbal., 2004; 
Nemzer etbal., 2011; Sawicki etbal., 2016].

From theb analysis ofb theb HPLC-DAD chromatograms 
registered at 470bandb530bnm wavelength, itbwas confi rmed 
that these powders contained betacyanins, with abmaximum 
absorbance inbthebvisible spectrum at 530bnm being respon-
sible for thebintense red color, andbcompounds ofbthebfamily 
ofbbetaxanthins, with abmaximum absorbance at 470bnm.

Within thebfamily ofbbetaxanthins (Figureb5bandbTableb2, 
I-470bnm), vulgaxanthin Ib (glutamine bx) corresponding to 
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peak 3bandb4bwas found through thebpseudomolecular ions 
[M+H]+ at retention times ofb 12.8b andb 13bmin both with 
m/zb340.11 (C14H18N3O7). ThebMS/MS spectra showed two 
characteristic fragments, one at m/zb 323.09 [M+H – 17]+ 
that could beb formed byb thebelimination ofbhydroxyl group, 
andbanother at m/zb277.08 [323 – 46]+ originated bybdecar-

boxylation andbdi-deprotonation [Sawicki etbal., 2016]. Itbcan 
beb inferred that these two compounds (peaks 3bandb4) that 
present thebsame λmax, andbMS/MS spectra, are thebtwo pos-
sible diasteroisomers ofb vulgaxanthin Ibdue to thebdifferent 
confi gurations that C11bcan adopt. According to theb litera-
ture [Kujala etbal., 2002; Mégard, 1993; Singer & von Elbe, 
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1980 ], thebpredominant yellow pigment inbred beetroot juice 
isbvulgaxanthin I.bThere could also bebidentifi ed, serina bx, vul-
gaxanthin II, III andbIV, isoindicaxanthin andbmiraxanthin V, 
but inbablower proportion. This family ofbcompounds present-
ed fragmentations that correspond to thebloss ofbamino acids, 
desamination, andbdecarboxylation.

Betacyanins (Figureb5bandbTableb2, I-530bnm) were detect-
ed at retention times ofb19.5bandb20.8bmin (peaks 9bandb10) 
andbwere identifi ed as betanin andbisobetanin [Sawicki etbal., 
2016; Wybraniec, 2007], showing theb pseudomolecular ion 
[M+H]+ at m/zb 551.15 (C24H27N2O13) andb inb thebMS/MS 
spectrum, abcharacteristic fragment at m/zb389.09 [M+H – 
162]+ which was formed bybthebloss ofbthebglucose molecule 
resulting inb theb presence ofb aglycones [betanidin+H]+ or 
[isobetanidin+H]+. Neobetanin was also found (I-470bnm, 
peak 13), with abλmax ofb464bnm because itbhas an extra double 
bond, which changes theb resonance, generating abλmax shift. 
Inbthebmass spectrum, itbgave an origin to theb[M+H]+ ion 
at m/zb549.13bandbinbthebMS/MS spectrum to abfragment at 
m/zb387.07, also formed bybthebloss ofbthebglucose molecule, 

characteristic rupture ofb these compounds [Sawicki etb al., 
2016].

Comparing theb information for thebnon-heat-treated (I) 
andb theb heat-treated (II) powders (Figureb 5b andbTableb 2), 
itbcan bebobserved that peaks 1, 7, 8, 12, andb16bcorrespond-
ing to asparagine bx, γ-aminobutyric acid bx, proline/Iso bx, 
tirosine bx, andbphenylalanine bx, respectively, did not appear 
inbthebheat-treated samples, showing that some betaxanthins 
are highly sensitive to temperature. Inbaddition, two new com-
pounds derived from betacyanins appeared (peaks 18bandb19). 
Peak 18b corresponded to 17-decarboxy-betanin giving 
thebpseudomolecular ion [M+H]+ at m/zb507.16bandban MS/
MS fragment at m/zb345.11 (507–162) andbλmax ofb515bnm. 
Peak 19b corresponded to 2-decarboxy-neobetanin, with 
[M+H]+ at m/zb505.15bandban MS/MS fragment at m/zb343.09 
(505–162) andbresulted from decarboxylation ofbneobetanin 
(549–44). 17-Decarboxy-betanin was thebproduct ofb thebde-
carboxylation ofb betanin (551–44). Decarboxylation isb in-
duced byb theb thermal effect as itbwas reported bybHerbach 
etbal. [2004]. Thebdisplacement ofbthebmaximum absorbance 

TABLEb2. Analysis ofbthebbetalamic compounds bybHPLC-DAD andbHPLC-ESI- MS/MS ofbthebnon-heat-treated (I) andb45°C heat-treated powders (II).

Peak no.
Betalain name Chemical formula

Retention 
time (min) λmax (nm) m/z

MS[M+H]+
m/zbMS/MS 
ofb[M+H]+

I II I II

1 - Asparagine bx 
(Vulgaxantin III) C13H16N3O7 7.8 - 471 326.10 -

2 2 Serine bx C12H15N2O7 11.9 11.8 470 299.09 -

3,4 3 Glutamine bx 
(Vulgaxanthin I) C14H18N3O7 12.8/13 12.8 470 340.11 323.09

277.08

5 5 2,17-Bidecarboxy-2,3-
-dehydro-neobetanin C22H23N2O9 14 14 463 459.16 330.11

6 6 Glutamic acid bx 
(Vulgaxanthin II) C14H17N2O8 14.9 15 471 341.10 194.04

150.06

7 - γ-Aminobutyric acid bx C13H17N2O6 17.5 - 463 297.11 -

8 - Proline bx 
(Indicaxanthin) C14H17N2O6 18.7 - 477 309.11 -

9,10 9,10 Betanin /Isobetanin C24H27N2O13 19.5/20.8 19.5/20.8 536 551.15 389.09

11 11 Dopamine bx 
(Miraxanthin V) C17H19N2O6 21.8 24.8 456 347.12

303.13
211.07
137.06

12 - Tyrosine bx (Portulacaxanthin II) C18H19N2O7 22.8 - 472 375.12 211.08
178.07

13 13 4,15-Dehydro- betanin
(Neobetanin ) C24H25N2O13 23.8 23.9 464 549.13 387.07

14 14 Valine bx C14H18N2O6 24.6 26.8 466 311.12

267.13
221.13
193.13
150.05

15 15 Leucine bx 
(Vulgaxanthin IV) C15H21N2O6 26.2 31.9 470 325.14 281.15

16 - Phenylalanine bx C18H19N2O6 31.2 - 470 359.12 -

17 17 Tryptophan bx C20H20N3O6 32.1 32.2 472 398.13 -

- 18 17-Decarboxy-betanin C23H27N2O11 - 20.8 515 507.16 345.11

- 19 2-Decarboxy-neobetanin C22H25N2O11 - 21.9 a 505.15 343.09

a: λmax was not determined due to co-elution with another compound or to low concentration. PI: Peak number corresponding to thebchromatogram 
I-470/530bnm (non-heat-treated). PII: Peak number corresponding to thebchromatogram II-470/530bnm (45°C heat-treated powders).
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ofb 17-decarboxy-betanin (λmax ofb 515b nm) with respect to 
thebone ofbbetanin/isobetanin (λmax ofb536bnm) was produced 
bybthebdelocalization ofbelectrons π due to thebdecarboxylation 
ofbthebC17 [Minale etbal., 1965; Stintzing etbal., 2004]. Previ-
ous studies on red beetroot showed that decarboxylations can 
occur inbthebC2, C15, andbC17balthough these positions differ 
inbtheir susceptibility [Herbach etbal., 2004; Wybraniec, 2007; 
Wybraniec & Mizrahi, 2005].

Analyzing theb ratio ofb theb isobetanin/betanin andb neo-
betanin/betanin areas for thebnon-heat-treated andbthebheat-
-treated powders (Figureb5), itbcould bebobserved an increase 
inbthebisobetanin/betanin ratio after thebheat treatment (from 
0.25b to 1) due to isomerization ofb betanin to isobetanin 
byb theb thermal effect [Herbach etb al., 2004]. On theb other 
hand, for thebneobetanin/betanin ratio, its increase was found 
to bebnon-signifi cant (from 0.21bto 0.25). 

CONCLUSIONS

Thebthermal stability at 5, 25, andb45° C ofbbetalains pres-
ent inbby-products ofb thebblanching andbcutting ofbBeta vul-
garis tissues has been studied.

Blanching waters showed pigment degradation at all 
theb temperatures evaluated. Theb red beetroot powders suf-
fered pigments thermal degradation only at 45°C.bThis can 
beb ascribed to their low water activity andb to thebpresence 
ofb lignin which can protect pigments from degradation, 
through its antioxidant activity, allowing to use these powders 
as abcoloring additive up to 45°C. 

Chromatographic studies showed that storage at 45ºC for 
six days, affected thebchemical stability ofbbetalains. Degrada-
tion reactions might impair thebuse ofbthese powders as natu-
ral pigments inb foods that are heat treated at temperatures 
higher than 45°C after pigment inclusion inbthebformulation. 

Itb isb expected that theb results ofb this research will con-
tribute to thebaddition ofb value to thebBeta vulgaris tissues, 
thus contributing to its integral use as well as to thebdevelop-
ment ofbboth sustainable processing technologies andbhealthy 
foods.
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LIST OFbABBREVIATIONS 

aw – water activity; BE – betanin equivalents; BJ – beetroot 
juice; CPC – core phenolic compounds; DW – dry weight; 
EE – encapsulation effi ciency; GAE – gallic acid equivalents; 
OE – optimal encapsulate; RE – rutin equivalents; RP – reducing 
power; RSM – response surface methodology; SA – DPPH 
radical scavenging activity; SPC – surface phenolic com-
pounds; SPI – soy protein isolate; TE – Trolox equivalents; 
VE – vulgaxanthin-Ibequivalents. 

INTRODUCTION

Human body produces reactive oxygen andbnitrogen spe-
cies which, when imbalanced with antioxidants as protective 
mechanisms, can contribute to cellular aging andbendanger 
health [Poljsak etbal., 2013; Valko etbal., 2007]. Overproduc-
tion ofbthese reactive species results inboxidative stress, which 
isbknown to cause damage to biological molecules such as lip-
ids, proteins andbnucleic acids [McCord, 2000]. Antioxidants 
inbcells scavenge excessively produced damaging species.

Fruit andb vegetables are ab rich source ofb antioxidant 
compounds such as ascorbic acid, carotenoids, fl avonoids, 
andb other phenolics [Rouanet etb al., 2010]. Research has 
shown that many chronic diseases are diet-induced [López-
-Varela etb al., 2002]. Itbhas been suggested that abdiet rich 
inb fruit andbvegetables might strengthen thebantioxidant de-

* Corresponding Author: E-mail: jvulic@uns.ac.rs (J.J.bVulić)

fense network endogenously, andb contribute to protection 
from oxidative damage.

Beetroot (Beta vulgaris L.) isbabvegetable cultivated for its 
roots rich inb betalains, water-soluble nitrogenous pigments 
which include betacyanins colored from purple to violet 
andbbetaxanthins with colors from yellow to orange formed 
inb thebroot [Chevallier, 1996] Betalain profi le inbabplant de-
pends on its maturity degree, variety, andbclimatic conditions 
[Ampleatil etb al., 2015]. Betalains are commonly used as 
natural food dye (E162), but also have potential health ben-
efi ts due to their antioxidant andb anti-infl ammatory activi-
ties [Georgiev etbal., 2010; Zielinska-Przyjemska etbal., 2009]. 
Beetroot contains also phenolic acids such as p-coumaric, 
protocatechuic, ferulic, vanillic, p-hydroxybenzoic, andbsyrin-
gic [Kujala etbal., 2000].

Thebsensitivity ofbnatural compounds, such as betalains 
andb phenolics, to environmental or technological process 
conditions (temperature, pH, oxygen content, water activity, 
light, radiation, presence ofbmetal ions andb redox enzymes) 
could beb improved bybmicroencapsulation [Krajka-Kuzniak 
etbal., 2012; Ravichandran etbal., 2013]. Pitalua etbal. [2010] 
have found that betalain content, color, antioxidant activity, 
andb redox potential ofb beetroot juice encapsulated inb gum 
Arabic obtained were stable during storage for 44b days at 
aw<0.521. Also, betalains from Lampranthus productus have 
been stable during six months ofb storage when spray dried 
with maltodextrin or chitosan [Gandía-Herrero etbal., 2013]. 
This technology presents packing target molecules inb cap-
sules which release thebcontent at controlled rates andbcondi-
tions, protecting them from deterioration [Shahidi & Han, 
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Sensitivity ofbnatural antioxidants could bebimproved using encapsulation technologies. Inbthis study, encapsulation ofbbeetroot juice (BJ) with soy 
proteins has been optimized inbterms ofbthebwall:core ratio, BJ dilution andbmixing time ofbboth components, maximizing DPPH radical scavenging 
activity (SA) andbthebencapsulation effi ciency (EE) based on thebtotal phenolics content. Multi response optimization has indicated that theboptimal 
encapsulation isbaccomplished when soy protein isbmixed with undiluted BJ at abwall:core ratio ofb50bg/L for 9.8bmin. Applying these conditions, thebop-
timal encapsulate has been produced, where thebcontents ofbtotal phenolics, fl avonoids andbbetalains were 150.71bmg GAE/100bg, 9.31bmg RE/100bg, 
andb521.28bmg/100bg, respectively, while EE andbSA were inbaccordance with thebvalues obtained byboptimization, i.e. 92.48% andb1.01bmmol TE/100bg, 
respectively, confi rming thebvalidity ofbtheboptimization process. Thebresulting encapsulates have favorable physicochemical andbfunctional character-
istics andbcan bebpotentially applied as natural color additives.
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1993]. One ofb thebmost widely used techniques ofbmicroen-
capsulation isbfreeze-drying which isbbased on thebphenom-
enon ofb sublimation. Its main advantage isb that thebmost 
ofbthebfavorable properties ofbraw material, e.g. shape, dimen-
sions, appearance, taste, color, fl avor, texture, andbbioactivity, 
remain preserved [Ceballos etbal., 2012]. Saikia etbal. [2015] 
found abhigher effi ciency ofbthebencapsulation process andbre-
tention ofbphenolics inbthebfreeze-dried samples compared to 
thebspray-dried ones, andbexplained that bybtheblarge surfaces 
area exposed to air andbhigh temperatures used inbthebspray 
drying technique. 

Thebmaterials used as thebwall ofban encapsulate inbfood 
usually include protein isolates, gum Arabic, pectin, skim milk 
powder, non-fat dry milk solids, soy, modifi ed starch, malto-
dextrin andbsugars, which are food-grade andbbiodegradable 
[de Vos etbal., 2010; Nedovic etbal., 2011]. Absoy protein isolate 
(SPI) isbabwell-known food carrier, due to its high purity, low 
cost, availability, high nutritional value, andbfunctional prop-
erties such as solubility; thebability to absorb water andboil, 
theb ability to stabilize emulsions; theb ability to form gels, 
foams andbfi lms; as well as its fi ne organoleptic properties 
[Franzen & Kinsella, 1976; Maltais etbal., 2009; 2010].

This study was designed to investigate theboptimal condi-
tions for beetroot juice (BJ) encapsulation using soybean pro-
teins, using thebfreeze-drying method. Theboptimal conditions 
for obtaining thebencapsulates with thebhighest encapsulation 
effi ciency (based on theb total phenolic compound content) 
andbthebhighest antioxidant activity against thebstable DPPH 
radicals were defi ned with thebresponse surface methodology 
(RSM). Theboptimal encapsulate (OE) was characterized re-
garding its physicochemical characteristics; total phenolics, 
fl avonoid andbbetalain contents; antioxidant activity against 
DPPH radicals; andbreducing power.

MATERIAL ANDbMETHODS

Reagents, chemicals andbinstruments
Theb Folin-Ciocalteau reagent, 2,2-diphenyl-1-picrylhy-

drazyl radical (DPPH•), 6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid (Trolox), andbtrichloroacetic acid were 
purchased from Sigma Chemical Co. (St Louis, MO, USA); 
ferric chloride was obtained from J.T.bBaker (Deventer, Hol-
land); andbsodium nitrite from LACH-NER (Brno, Czech Re-
public). Other chemicals andbsolvents used were ofbthebhigh-
est analytical grade. Distilled water was produced using 
thebDESA 0081bWater Still destilator water purifi cation system 
(POBEL, Madrid, Spain). Soy protein isolate was purchased 
from “Macrobiotic Prom” company (Belgrade, Serbia). Ab-
sorbances inb spectrophotometrical assays were measured 
using abMultiskan GO microplate reader (Thermo Fisher 
Scientifi c Inc., Waltham, MA, USA) andbabUV-1800bspectro-
photometer (Shimadzu, Kyoto, Japan).

Beetroot as plant material
Beetroot (Beta vulgaris L.) was obtained at ab local su-

permarket. Roots ofb thebbeet were washed, cut into pieces, 
andb blended inb ab laboratory blender (model Neo SK-400, 
TCL King Electrical Appliances Co., Ltd., Huizhou, China). 

Beetroot juice (BJ) was separated from pomace bybvacuum 
fi ltration andbstored at -20°C until analysis.

Encapsulation procedure
Theb BJ (initial pH 5.45) was encapsulated via freeze-

-drying. BJ (core) was mixed with absoy protein isolate (wall) 
according to thebexperimental design (Tableb1). Thebsamples 
were frozen at -40ºC for 2bh inbabMartin Crist Alpha 2–4 (Os-
terode, Germany) freeze-drier. Thebmain drying process was 
performed at pressure ofb0.01bmbar andb temperatures from 
-40bto 20ºC for 59.5bh. Thebfi nal drying lasted 5.5bh at pressure 
ofb0.005bmbar andb temperatures from 20b to 30ºC.bThebcol-
lected freeze-dried samples were stored at –20°C until further 
use. Freeze-drying experiments were executed inbablaboratory 
freeze-drier (model Alpha 2–4bLSC, Martin Christ, Osterode, 
Germany), under thebconditions described above.

Optimization ofbencapsulation
Parameters ofbencapsulation were optimized using thebre-

sponse surface methodology (RSM). Theb adopted experi-
mental model was abBox-Behnken design for three variables at 
three levels. Three independent variables (parameters ofben-
capsulation) were: thebratio ofbwall:core (X1), dilution ofbBJ 
(X2), andbmixing time (X3). Thebcoded values ofbthebindepen-
dent variables were –1, 0, andb1. Thebactual values, selected 
from thebpreliminary study, based on literature survey [Cheng 
etbal., 2012; Ezhilarasi etbal., 2013; Ramírez etbal., 2015; Roop-
chand etbal., 2013; Saikia etbal., 2015; Tumbas Šaponjac etbal., 
2016] byb thebcorresponding coded values ofb three indepen-
dent variables are given inbTableb1. Thebcomplete model con-
sisted ofb15bexperiments with three replicates. 

For process optimization, encapsulation effi ciencies (EE) 
andbDPPH radical scavenging activity (SA) ofbencapsulates 
were chosen as thebresponses. Single response as well as multi 
response optimization were performed to enable thebselection 
ofboptimal parameters for thebproduction ofbtheboptimal en-
capsulate (OE), which will bebfurther examined.

Spectrophotometric determination ofbthebtotal phenolics 
content ofbbeetroot juice andbits encapsulates

Thebcontent ofbtotal phenolics inbBJ, inbthebcore ofbencap-
sulates (CPC), andbinbthebsurface ofbencapsulates (SPC) was 
determined byb thebmethod with thebFolin-Ciocalteu reagent 
[González-Molina etb al., 2008]. Briefl y, theb reaction mix-
ture was prepared inbab96-well microplate bybmixing 170bμL 
ofb distilled water, 15b μL ofb BJ/encapsulate extract, 12b μL 
ofb thebFolin-Ciocalteu’s reagent, andb30bμL ofb20% sodium 
carbonate. Thebmixture was incubated inb thebdark at room 
temperature for 1b h. After incubation, theb absorbance was 
read at 750b nm. Theb corrections for interfering substances 
originating from beetroot have been made byb simultaneous 
preparation ofbcontrol samples with abmatching concentra-
tion ofbBJ/encapsulate extract inbthebsame way. Results were 
expressed as gallic acid equivalents (GAE) per 100bmL ofbBJ 
or per 100bg ofbencapsulate.

To determine thebencapsulation effi ciency, theb total con-
tents ofbphenolic compounds inbthebcore (CPC) andbsurface 
(SPC) were evaluated using thebencapsulate extraction pro-
cedure described bybVergara etbal. [2014]. For CPC, 100bmg 
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ofb thebsample were suspended inb1bmL ofban ethanol:acetic 
acid:water mixture (50:8:42, v/v/v), vortexed for 1bmin, cen-
trifuged for 2bmin at 14,000×g (model Rotilabo-mini-centri-
fuge, Carl Roth, Karlsruhe, Germany), andb then theb super-
natant was separated. For SPC, 100bmg ofbthebsample were 
suspended inb1bmL ofban ethanol:methanol mixture (1:1, v/v). 
Thebmixture was vortexed for 1bmin, centrifuged at 3018.6×g 
for 2bmin, andbthen supernatant was separated. CPC andbSPC 
were determined with thebFolin-Ciocalteu method [González-
-Molina etbal., 2008]. Thebencapsulation effi ciency (EE) was 
determined bybusing thebequation: 

EE (%) = ((CPC-SPC)/CPC) × 100 (Eq. 1)

Spectrophotometric determination ofbthebtotal fl avonoid 
contents inbbeetroot juice andbits optimal encapsulate

Theb total content ofb fl avonoids inbBJ andbOE was de-
termined spectrophotometrically with ab modifi ed method 
described byb Markham [1989]. Theb reaction mixture was 
prepared inbab96-well microplate bybmixing 125bμL ofbBJ/OE 
extract obtained using ethanol:acetic acid:water (50:8:42, 
v/v/v), 25bμL ofbdistilled water, andb62.50bμL ofbAlCl3. Blank 
sample was prepared inbthebsame manner replacing AlCl3bwith 
water inbthebreaction mixture. Thebabsorbance was measured 
immediately at 430bnm. Absorbance ofbthebexperimental sam-
ples was corrected for thebabsorbance ofbcontrol samples with 
thebappropriate concentration ofbBJ or extract encapsulated 
without thebreagent. Thebtotal content ofbfl avonoids was ex-
pressed as rutin equivalents (RE) per 100bmL ofbBJ or per 
100bg ofbOE.

Determination ofb betalain content inb beetroot juice 
andbits optimal encapsulate

Contents ofb betalain pigments (betacyanins andb betax-
anthin) inbOE andbBJ were determined as described bybvon 
Elbe [2003] inb ab 96-well microplate bybmixing 240b μL or 
250b μL ofb ab phosphate buffer (0.05bM, pH 6.5) andb BJ/ 
ethanol:aceticacid:water (50:8:42, v/v/v) OE.bPhosphate buf-
fer was used as abblank. Wavelengths ofb545bnm andb476bnm 
were used for theb analysis ofbbetacyanins andbbetaxanthin, 
while thebwavelength ofb600bnm was used for correction. To-
tal betalains content was calculated as thebsum ofbbetacyanin 
andb betaxanthin contents. Content ofb betacyanins was ex-
pressed as mg betanin equivalents (BE) per 100bmL ofbjuice 
or per 100bg ofbencapsulate, while thebcontent ofbbetaxanthins 
was expressed as mg vulgaxanthin-Ib equivalents (VE) per 
100bmL ofbBJ or per 100bg ofbOE. 

Determination ofb radical scavenging activity against 
DPPH radical

Theb ability ofb BJ andbOE to scavenge DPPH radicals 
was determined using thebspectrophotometric method which 
isbbased on monitoring changes inbsolution color from pur-
ple-colored stable nitrogen DPPH radicals to yellow-colored 
reduced non-radical form DPPH-H [Brand-Williams etb al., 
1995]. Samples ofbthebencapsulate were prepared inbthebsame 
way as for determination ofbCPC.bBriefl y, 250bμL ofbabDPPH 
solution inbmethanol was mixed with 10bμL ofbthebsample (BJ 
or encapsulate extract) inbthebmicroplate well andbleft inbdark 

at room temperature for 50bmin. Afterwards, absorbance was 
read at 515bnm. Thebsamples containing corresponding con-
centrations ofb BJ andb encapsulate extracts without DPPH 
radicals were analyzed inbparallel. Their absorbance was used 
to correct thebabsorbance ofbexperimental samples. Thebfol-
lowing equation was used to calculate thebDPPH radical scav-
enging activity: 

SA (%) = (AC – AS) / AC ×100 (Eq. 2)

where: AC isbthebabsorbance ofbthebcontrol (without antioxi-
dant) andbAS isbthebabsorbance inbthebpresence ofbthebsample 
(BJ or encapsulate extract) after correction. Thebcalibration 
curve was made with Trolox andb results were expressed as 
mmol ofbTrolox equivalents (TE) per 100bmL ofbBJ or per 
100bg ofbencapsulate.

Determination ofb thebreducing power ofbbeetroot juice 
andbits optimal encapsulate

Thebmethod ofb Oyaizu [1986] was used to determine 
theb reducing power (RP) ofb BJ andb OE. OE was pre-
pared inbthebsame way as for determination ofbCPC: 25bμL 
ofb theb sample (BJ/OE extract), or 25b μL water as abblank, 
25bμL ofbsodium phosphate buffer (pH 6.6), andb25bμL ofb1% 
potassium ferricyanide, were mixed andbincubated inbabwater 
bath for 20bmin at 50°C.bWhen thebsolution was cooled, 25bμL 
ofb 10% trichloroacetic acid was added andb solutions were 
centrifuged at 3018.6×g for 10bmin andb afterwards 50b μL 
ofb thebsupernatant with 50b μL ofbdistilled water andb10b μL 
ofb0.1% ferric chloride were mixed inbabmicroplate well. Ab-
sorbance was measured immediately at 700bnm. Thebcontrol 
samples with matching concentration ofbBJ andbencapsulate 
extracts were prepared inbthebsame way. Thebcalibration curve 
for this test was made with Trolox andbresults were expressed 
as mmol ofbTrolox equivalents (TE) per 100bmL ofbBJ or per 
100bg ofbOE.

Water activity
Water activity (aw) was determined byb placing approxi-

mately 3bg ofbOE inbabsample holder ofbabLabSwift aw-meter 
“Novasina” (Lachen, Switzerland) at 25°C.b Theb aw values 
were recorded after equilibration.

Moisture content
Thebmoisture content ofbOE was determined according 

to thebprocedure described byb Şahin Nadeem etb al. [2011] 
bybdrying inban oven at 70°C until constant weight.

Particle size distribution
Particle size distribution ofb OE was determined using 

thebMastersizer 2000b laser diffraction particle size analyzer 
(Malvern Instruments, Malvern, England). ThebScirocco dis-
persion unit was used for dispersing encapsulate inb thebair. 
Thebsample was added at ambient temperature until an ad-
equate obscuration was obtained (5–10%). Thebresults were 
quantifi ed as theb volume-based particle size distribution 
bybmeans ofbthebMastersizer 2000bsoftware.
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Statistical analysis
All experiments were performed inbtriplicate andbthebresults 

are presented as means ± standard deviation (±SD, n= 3). 
Data were analyzed bybone-way analysis ofbvariance (ANOVA) 
andbt-test, where applicable, andbthebleast signifi cant difference 
(LSD) test (p<0.05). Statistical analysis was performed using 
Statistica 8.0 (StatSoft Inc., Tulsa, OK, USA). Optimization 
ofbexperiments was conducted using Design-Expert® Version 
7.0.0 (Stat-Ease, Inc., Minneapolis, MN, USA, 2005). 

RESULTS ANDbDISCUSSION

Beetroot encapsulation
Optimization ofb theb BJ encapsulation parameters 

(wall:core ratio, BJ dilution andbmixing time), inbterms ofben-
capsulation effi ciency (EE) andbDPPH radical scavenging ac-
tivity (SA), was conducted using RSM with thebBox-Behnken 
design (Tableb1). Thebexperimental model included 15bdiffer-
ent combinations ofbencapsulation parameters for thebmea-
surements ofbEE andbSA as responses. Thebactual values were 
chosen from thebpreliminary studies. Encapsulation effi cien-
cy ofbBJ with soy protein based on total phenolics content 
ranged from 47.79% (experiment 13) to 92.47% (experiment 
2), while theb experimental values for SA were inb theb range 
from 0.03bmmol TE/ 100b g (experiment 12) to 1.05bmmol 
TE/100b g (experiment 1). Microencapsulation ofbphenolics 
highly depends on theb carrier andb theb technique employed. 
Figureb1bshows thebinfl uence ofbindependent variables (X1, X2, 
X3) on EE andbSA ofbencapsulates obtained inbexperiments 
1–15. According to thebresponse surfaces, itbcan bebconcluded 
that increasing thebwall:core ratio caused ab slight decrease 
inbSA andbEE values. Mixing time had theb same effect on 
thebresponses, while increasing dilution decreased SA andbin-
creased EE ofbthebencapsulates. 

Thebresults ofbsingle andbmulti-response optimization are 
reported inbthebTableb2. When using single response optimi-
zation itbwas found that abhigh wall:core ratio (149.50bg/L), 
low extract dilution (0.2), andbmedium mixing time (18.9bmin) 
are needed to ensure thebmaximal encapsulation effi ciency 
(93.44%). Thebsingle response optimization was used to opti-
mize thebresponse SA as well. Inbthis case, theboptimal sample, 
with maximum SA (1.01bmmol TE/100bg) may bebobtained 
bybusing relatively low wall:core ratio (50.0bg/L), no BJ dilu-
tion (0.0) andbmedium mixing time (12.9bmin). Thebcondi-
tions for producing theboptimal encapsulate sample (OE) were 
found bybusing abmulti response optimization, where thebEE 
andbSA values are considered at thebsame time, andbrepresent 

theboptimal conditions that provide maximum values ofbboth 
responses (Tableb2).

Ramírez etbal. [2015] optimized thebencapsulation ofbmod-
el fruit juice inbgum Arabic and/or maltodextrin using spray- 
or freeze-drying, following thebconcentration ofbgallic acid as 
abresponse. RSM optimization showed that thebfreeze-dried 
encapsulates achieved with abwall blend ratio close to 100% 
gum Arabic andbcore concentration from 10bto 20% had high-
er contents ofbgallic acid. Maltodextrin concentration ofb15% 
was found to bebtheboptimal for encapsulation ofbbeetroot juice 
using spray-drying [Bazaria & Kumar, 2018]. Thebwall con-
centration inbthese studies was much higher than inbour study 
(5%), although thebwall material inbour study was protein, not 
polysaccharide. Robert etbal. [2010] optimized thebencapsu-
lation ofbpolyphenols andb anthocyanins from pomegranate 
using maltodextrin andb soy protein isolate byb spray drying. 
Encapsulation effi ciency was signifi cantly better upon thebuse 

TABLEb1. Experimental design, encapsulation effi ciency (EE), andbDPPH 
radical scavenging activity (SA) ofbbeetroot juice encapsulates.

Exp X1
(g/L) X2

X3 
(min)

EE 
(%)a

SA 
(mmolTE/100g)a

1 50 (-1) 0 (-1) 15 (0) 89.07±0.40 1.05±0.04

2 150 (+1) 0 (-1) 15 (0) 92.47±1.67 0.99±0.05

3 50 (-1) 4 (+1) 15 (0) 91.87±0.53 0.21±0.02

4 150 (+1) 4 (+1) 15 (0) 87.40±3.27 0.14±0.00

5 50 (-1) 2 (0) 5 (-1) 91.07±0.17 0.34±0.07

6 150 (+1) 2 (0) 5 (-1) 89.97±3.34 0.10±0.00

7 50 (-1) 2 (0) 25 (+1) 84.59±4.41 0.22±0.00

8 150 (+1) 2 (0) 25 (+1) 90.70±2.57 0.07±0.02

9 100 (0) 0 (-1) 5 (-1) 86.29±3.55 0.58±0.03

10 100 (0) 4 (+1) 5 (-1) 79.73±12.51 0.08±0.01

11 100 (0) 0 (-1) 25 (+1) 89.57±2.07 0.56±0.03

12 100 (0) 4 (+1) 25 (+1) 91.25±6.18 0.03±0.00

13 100 (0) 2 (0) 15 (0) 47.79±3.03 0.08±0.01

14 100 (0) 2 (0) 15 (0) 58.02±0.28 0.11±0.00

15 100 (0) 2 (0) 15 (0) 58.83±3.44 0.10±0.00

aResults are presented as mean values ofbthree replications ± SD.bThebra-
tio ofbwall:core (X1), dilution ofbbeetroot juice (X2) andbmixing time (X3); 
TE – Trolox equivalent.

TABLEb2. Single (EE andbSA) andbmulti response (EE+SA) optimization ofbencapsulation parameters using response surface methodology.

Optimization
Variable codes Variable values Optimal responses

X1 X2 X3 X1 X2 X3 EE (%) SA 
(mmol TE/100bg)

EE 0.99 -0.90 0.39 149.50 0.20 18.9 93.44 –

SA -1 -1 -0.21 50.00 0.0 12.9 – 1.01

EE+SA -1 -1 -0.52 50.00 0.0 9.80 92.48 1.01

Thebratio ofbwall:core (X1), dilution ofbBJ (X2) andbmixing time (X3);EE –encapsulation effi ciency; SA – DPPH radical scavenging activity.
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FIGUREb1. Thebinfl uence ofbwall:core ratio (X1), juice dilution (X2), andbmixing time (X3) on encapsulation effi ciency (EE) ofbbeetroot juice with soy 
protein based on total phenolics content (a, b andbc) andbDPPH radical scavenging activity (SA) ofbencapsulates (d, e andbf).

a)

c)

e)

b)

d)

f)
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ofb thebsoy protein isolate (36.60–81.50%). However, theben-
capsulation effi ciency using soy protein isolate inbthat study 
was lower than inbour study (47.79–92.47%). Storage capacity 
ofbsoy protein isolate was also better than that ofbmaltodex-
trin, where polyphenol andbanthocyanin retention increased 
during storage, while inb thebmaltodextrin-based microcap-
sules theb retention ofb these compounds diminished. Spray- 
andb freeze-drying techniques require different temperature 
regimes andbcan lead to different physicochemical character-
istics ofbencapsulates. Many factors such as light, tempera-
ture, andboxygen are considered to infl uence their quality.

Functional characteristics ofbbeetroot andb its optimal 
encapsulate

Janiszewska [2014] reported that thebdrying ofbbeetroot 
juice isbabmethod to obtain abpure andbeasy to use pigment 
inbpowder form. However, itb isbnot possible to dry thebbeet-
root juice without addition ofb carriers, because ofb its low 
glass transition temperature (measured Tg ofbjuice 43± 4°C). 
Inb this study, we decided to use freeze-drying due to its fa-
vorable mild process parameters (low temperature) to avoid 
degradation ofbbioactive compounds from BJ.bBefore drying, 
BJ was characterized inbterms ofbcontents ofbtotal phenolics, 
total fl avonoids, total betacyanins, andbtotal betaxanthins, as 
well as free radical scavenging activity against DPPH• (SA) 
andbreducing power (RP) (Tableb3).

Beetroots have abhigh content ofbbetalains (betacyanins 
andbbetaxanthins) that serve as color pigments [Delgado-Var-
gas etbal., 2000]. From Tableb3bitbcan bebobserved that betalains 
were thebdominant bioactive compounds inbBJ with their con-
centration reaching 236.51bmg/100bmL, which isbhigher than 
thebvalue ofb767–1309bmg/L reported bybWruss etbal. [2015]. 
Theb ratio between betacyanins andb betaxanthins was from 
1.75b to 1, which isbclose to thebvalue obtained inb this study 
(0.99). However, thebtotal phenolics content obtained inbthis 
study was much lower compared to thebreport ofbWruss etbal. 
[2015] (0.85–1.29bg/L). Wootton-Beard & Ryan [2011] de-
termined also abhigher total content ofbphenolic compounds 
inbthebbeetroot juice (101.50bmg GAE/70bmL) than that pre-
sented inb this study. Flavonoids had ab small share inb total 
phenolics content found inbthebBJ.bKujala etbal. [2002] report-
ed thebpresence ofbbetagarin, betavulgarin, cochliophilinbA, 
andb dihydroisorhamnetin, inb extracts ofb beetroot peel. 
Thebdifferences inbthebphysicochemical characteristics ofbbeet-
root could bebdue to thebenvironmental characteristics, period 
ofbharvesting, cultivar variability, andbmaturity stage.

Free radical scavenging activity ofbBJ against DPPH• was 
determined to beb1.93bmmol TE/100bmL andbreducing pow-
er to beb107.80bmmol TE/100bmL.bWootton-Beard & Ryan 
[2011] analyzed 23bvegetable juices andbfound that beetroot 
juices displayed thebhighest ferric reducing antioxidant power 
(FRAP) values (8355–9500bμmol/L) andbantioxidant capac-
ity (100% DPPH• inhibition andb 92.1–92.3% ABTS+• inhi-
bition) compared to thebother juices analyzed (tomato, car-
rot, mixed vegetable, mixed fruit andbvegetable). Wruss etbal. 
[2015] found that theb oxygen radical absorbance capacity 
(ORAC) andbFRAP ofbbeetroot juices ranged from 19.70bto 
37.90bmmol TE/L, andbfrom 17.40bto 37.10bmmol TE/L, re-
spectively.

ThebOE was produced using theb encapsulation param-
eters from multi response optimization (Tableb2). Water isban 
important basic element inbfood. OE had ablow moisture con-
tent (2.61%), which corresponds to theb powdered product 
ofbgood stability, effective packaging andbstorage [do Carmo 
etb al., 2018; Sinija etb al., 2007]. Higher moisture content 
inbproducts enables microbial growth andbcaking [do Carmo 
etbal., 2018]. Inbthebstudy ofbdo Carmo etbal. [2018], beetroot 
extract encapsulated inbwhey protein isolate alone andbmix-
tures with maltodextrin andbinulin presented higher moisture 
values (3.81–4.24%) than thebpowders obtained with malto-
dextrin and/or inulin (3.33–3.58%) because ofb theb greater 
ability ofbproteins to maintain moisture trapped inb thebpar-
ticles [Jayasundera etbal., 2009]. 

Thebwater activity (aw) measurement, often used as abcriti-
cal control point for dry andbdehydrated products, provides 
important information about thebquality ofbabproduct such 
as theb possibility ofbmicrobiological growth on theb surface 
andb sample stability andb shelf-life. Theb control ofb thebwa-
ter activity allows preserving its structure, texture, stability, 
density, andb thebpossibility ofb reconstitution. Water activity 
ofbthebfreeze-dried OE sample was found to beb0.028, which 
isbmore than acceptable to ensure microbiological, chemi-
cal, andbphysical stability ofbthebpowders. Jafari etbal. [2016] 
reported that saffron petals extract encapsulated byb freeze-
-drying with different combinations ofbmaltodextrin, Arabic 
gum, andb seed cress gum had their aw values inb theb range 
from 0.07bto 0.29bandbmoisture content from 1.88bto 3.13%. 
Red wine encapsulated with maltodextrin andb gum Ara-
bic, employing freeze-drying as well, had aw value ofb 0.11 
[ Rocha-Parra etbal., 2016]. Thebresults ofbthis study indicate 
that water activity was abkey factor affecting phenolics sta-
bility during storage. Do Carmo etbal. [2018] reported color 

TABLEb3. Physicochemical characteristics ofbbeetroot juice (BJ) andbits 
optimal encapsulate (OE).

Determination BJ OE

Total phenolics contenta 56.65±1.00 150.71±3.07

Total fl avonoids contentb 7.33±8.52 9.31±0.64

Total belatains content 236.51±10.95 521.28±25.52

Betacyaninsc 117.61±10.16 259.73±2.03

Betaxanthinsd 118.90±10.27 261.55±2.05

SAe 1.93±0.04 1.02±0.08

RPe 107.80±5.12 1.81±0.04

Moisture content (%) – 2.61±0.12

aw – 0.028±0.001

Particle size (μm) – 174.57±8.51

Data represent mean value ofbthree replicates±SD.
Results are expressed as: abmg GAE/100bmL BJ or 100b g OE, b mg 
RE/100bmL BJ or 100bg OE, c mg BE/100bmL BJ or 100bg OE, d mg 
VE/100bmL BJ or 100bg OE, e mmol TE/100bmL BJ or 100bg OE; GAE 
– gallic acid equivalent; RE – rutin equivalent; BEb– betanin equivalent; 
VE – vulgaxanthin equivalent; TE –Trolox equivalent; SA –  DPPH radical 
scavenging activity; RP – reducig power; aw– water activity.
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change ofb thebbeetroot juice powders at high water activity 
(aw=0.843), resulting from high moisture adsorption which 
may have facilitated betalains hydrolysis to yellow colored 
betalamic acid [Herbach etbal., 2006]. Pitalua etbal. [2010] 
also concluded that thebstability ofbbetalains inbmicrocapsules 
andbscavenging activity depend on thebaw value. They found 
that when aw values were inbthebrange ofb0.11–0.52bthere were 
no signifi cant differences inb betalains content, color, scav-
enging activity andb reducing power, during 45bdays of stor-
age. However, during storage ofbencapsulates with aw values 
ofb0.75bandb0.90, theb concentration ofbbetalains decreased, 
while scavenging activity increased signifi cantly. Itb isbspecu-
lated that theb degradation ofb betalains occurs through hy-
drolytic reaction, due to theb increase ofbmoisture inb thebdry 
product, which leads to thebdiffusion ofboxygen within encap-
sulated material, causing oxidation. 

Thebmean particle size ofbthebOE powder was determined 
to beb174.57bμm (Tableb3, Figureb2), which isbnot inbthebrange 
ofb fi ne powders (<5b μm), as reported byb Medina-Torres 
etbal. [2013] From thebparticle size distribution ofbOE pre-
sented inb Figureb 2b itb isb evident that there are two distinct 
peaks representing predominant sizes, theb largest volume 
ofbthebOE being ofbthebparticles with diameters ranging from 
100bto 300bμm. Kuck & Noreňa [2016] obtained similar sizes 
(104.30–684.90bμm) ofbparticles ofbabgrape skin phenolic ex-
tract encapsulated byb freeze-drying. Ezhilarasi etbal. [2013] 
reported thebparticle size ofbGarcinia fruit extract encapsu-
lated with different wall materials, employing freeze-drying, 
inb theb range ofb15–100bμm. Janiszewska [2014] determined 
that theb average diameter ofb spray-dried beetroot juice en-
capsulated inbmaltodextrin andb gum Arabic andb their mix-
ture was inb theb range ofb7.60–12.80b μm. Man etbal. [1999] 
reported that thebparticle size ofbspray-dried powders isbusu-
ally inbthebrange ofb1–15bμm, while freeze-dried powder par-
ticles can reach 300b μm. According to Chen etb al. [2012], 
theblarger size ofbthebparticles obtained bybfreeze-drying could 
bebcaused byblow temperatures used inbthis process andblack 
ofb forces for breaking up theb frozen liquid into droplets or 
to substantially alter their surface topology during thebdrying 
process. Ramírez etbal. [2015] reported that inbfreeze-drying 
thebproduct’s structure isbmainly developed during thebprevi-
ous freezing step, where fast freezing rates generate small ice 
crystals andbslow cooling rate generates large crystals. Kuck 

&bNoreňa [2016] highlighted that due to theb larger particle 
size freeze-dried powders have lower hygroscopicity com-
pared to theb spray-dried powders, because larger particles 
have smaller exposed surface area andblower water absorption 
rate [Tonon etbal., 2010].

Thebcontent ofbbioactive compounds (total phenolic com-
pounds, total fl avonoids, andbtotal betalains), andbbiological 
activity (reducing power andbDPPH radical scavenging activ-
ity) were determined to characterize thebOE (Tableb3). Ac-
cording to thebresults obtained, fl avonoids had absmall contri-
bution (6.18%) inbtotal phenolics content ofbthebencapsulate 
as determined byb theb Folin-Ciocalteu assay. Theb content 
ofbbetaxanthins (261.55bmg VE/100bg) did not differ signifi -
cantly (p>0.05) from thebcontent ofbbetacyanins (259.73bmg 
BE/100bg). Itb isb evident that theb content ofbbetalains inbBJ 
isbhigh, which indicates abgood potential ofbthebcarrier to trap 
betalains. Encapsulation effi ciency ofbOE, based on thebtotal 
phenolics contet, was 75.91%, which isblower than thebresult 
obtained inb thebmulti response optimization (Tableb 2). On 
thebother hand, predicted SA values (Tableb2) were inbaccor-
dance with thebvalues obtained for OE as well, without any 
signifi cant difference (p>0.05).

Bazaria & Kumar [2018] optimized theb spray-drying 
ofbbeetroot juice with whey protein concentrate. Total phe-
nolics content ofb theb obtained powders was inb theb range 
ofb16.69–25.89bmg GAE/100bg, which isb signifi cantly lower 
than thebvalue obtained inbour study. Itbwas suggested that 
lower inlet temperatures as well as higher addition ofbwhey 
protein (30%) could contribute to theb higher preservation 
ofb phenolics during spray-drying [Bhusari etb al., 2014]. 
Janiszewska [2014] investigated theb most effective carrier 
that would preserve thebstability ofbbeetroot pigments. They 
have examined microencapsulation process using thebspray-
-drying method andbgum Arabic, maltodextrin andbmixtures 
thereof as wall materials. Thebresults showed that thebhigh-
est yield ofb purple but theb lowest yield ofb yellow pigments 
was obtained using gum Arabic as abcarrier (42.60bmg/100bg 
DW andb 35.10b mg/100b g DW, respectively). Theb con-
tent ofb betacyanins (109–129bmg/100b g) andb betaxanthins 
(34–61bmg/100bg) inbthis study was much lower than inbour 
study (259.73b andb 261.55bmg/100b g). Theb results reported 
bybdo Carmo etbal. [2018] demonstrate slightly lower con-
tents for betaxanthins andbbetacyanins (136.86–155.37band 
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FIGUREb2. Particle size distribution ofboptimal encapsulate ofbbeetroot juice. 
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211.93–230.10bmg/100bg) inbspray-dried beetroot extract pow-
ders as well. This could bebattributed to thebhigh temperatures 
used inb spray-drying, different carriers andbwall:core ratios 
used inb theb experiments as well as theb differences inb beet-
root juice composition. Otálora etb al. [2015] improved be-
talain content (49.7bmg/100bg) as well as thebaw value (0.18) 
andb moisture content (2.90%) inb spray-dried cactus fruit 
juice bybadding cactus cladode mucilage to maltodextrin as 
encapsulating agents. Pitalua etbal. [2010] encapsulated beet-
root juice using gum Arabic as abcarrier andbspray-drying as 
abmethod. Total betalain content inb these encapsulates was 
even lower (11.98bmg/100bg), which isbdue to abmuch lower 
wall:core ratio (1:3) than we used inbour study (50bg/L, or 
1:20), apart from above mentioned differences inbexperimen-
tal conditions. Ahmed etbal. [2010] have reported that abhigh-
er core:wall ratio increases thebcontent ofbbiologically-active 
components inbthebencapsulated system.

Itb isbgenerally known that thebDPPH radical scavenging 
activity ofb food isbclosely related to thebcontent ofbbioactive 
compounds, such as phenolics andbbetalains, which are pres-
ent inbOE.b Spray-dried beetroot extract powders obtained 
with whey proteins andb their mixtures with inulin or malto-
dextrin exhibited higher antioxidant activities than theb inu-
lin- and/or maltodextrin-based powders [do Carmo etb al., 
2018]. Authors suggest that inbthebcase ofbprotein-based en-
capsulates, antioxidant activity could bebattributed not only 
to thebbioactive compounds from beetroot extract but also to 
Maillard reactions occurring between sugars from beetroot 
extract andbwhey proteins.

CONCLUSION

Beetroot juice isbabpotential source ofbbioactive compounds 
andbthus itbcan bebused inbthebdevelopment ofbfunctional food. 
RSM was used to fi nd theboptimal conditions for producing 
theb encapsulates ofb beetroot juice with soy proteins using 
thebfreeze-drying process with thebhighest content ofbphenolic 
compounds andbthebhighest antioxidant activity. Theboptimi-
zation process was confi rmed bybapplying theboptimal con-
ditions resulting inb thebsample with bioactive characteristics 
similar (p>0.05) to thebpredicted one. Based on these results, 
theboptimized conditions obtained could bebused for theben-
capsulation ofbbioactive compounds from beetroot juice with 
soybean proteins. Thebresulting encapsulates, with favorable 
physicochemical characteristics, have abpotential to bebused 
inb theb food industry as food colorants andb as components 
ofbfunctional foods.
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INTRODUCTION

Thebpreservation ofbplant products byb fermentation was 
known inbancient times, mainly inbthebFar East. This method 
was widely used inbcountries engaged inbseasonal plant culti-
vation. Itbalso made itbpossible to secure thebfood inbthebevent 
ofbnatural disasters. Fermentation isbone ofb theboldest tech-
nologies used until today, which prolongs thebshelf life ofbfood 
products andb increases their nutritional andb organoleptic 
values [Kavitake etbal., 2018]. Theb tradition ofbnatural food 
preservation isb related to theb geographical area, climate, 
andb theb type ofb ingredients used. Fermented food isbwidely 
used inbEast Asia; fermenting vegetables andb fruits isb very 
important inbthebnorthern European countries, while thebpro-
duction ofb fermented olives andb fermented sausages domi-
nates inb theb southern Europe. Fermentation ofb cucumbers, 
cabbage, andbolives plays also the most important economic 
role. Fermented: red beetroots, caulifl ower, carrot, celery, on-
ion, pepper, andbtomatoes are less known.

Theb fermentation process affords theb opportunity to 
obtain ab large range ofbnew products that will differ inbtheir 
organoleptic characteristics from thebprimary raw material. 
Thebprocess ofbfermentation andbthebbenefi cial effect ofbfer-

* Corresponding Author: E-mail: agata.czyzowska@p.lodz.pl
(A.bCzyżowska)

mented products on our organism [Swain etbal., 2014] causes 
their popularity andb increases abgroup ofbsupporters. Lacti c 
acid from kimchi may prevent fat accumulation andbobesity-
induced heart diseases [Park etbal., 2008]. Kimchi has been 
reported to have anti-obesity effects [Jung etbal., 2014; Kim 
etbal., 2011; Park etbal., 2012]. Some studies have documented 
thebprotective effects ofbsauerkraut or sauerkraut juice against 
breast [Ju etbal., 2000; Licznerska etbal., 2013; Szaefer etbal., 
2015] andbcolon [Kusznierewicz etbal., 2010] cancer. Micro-
organisms involved inb theb fermentation proce ss (lactic acid 
bacteria like: Lactobacillus, Leuconostoc, andb Streptococcus 
genera) impart thebproducts abcharacteristic sour taste, form 
aromatic compounds [McFe eters, 2004], chang e theb struc-
ture ofbfermented plant material [Parada &bAguilera, 2007], 
increase thebdigestibility ofbthebplant mass [Swain etbal., 2014] 
as well as increase thebcontent ofbvitamins (mainly B2bandbPP 
ones) [Capozzi etbal., 2012; Thapa &bTamang, 2015]. Other 
functions ofbmicroorganisms include elimination ofb unde-
sirable substances that can beb found inbplant raw materials 
(cyanides, gas-forming substances, hemagglutinins, thiogly-
cosides) andbbioconservation, i.e. protection against thebde-
velopment ofbundesirable microbiota [Septembre-Malaterre 
etbal., 2018]. 

Harmful microorganisms that may occur inb improperly 
prepared fermented products include: putrefactive bacteria 
– aerobic andbanaerobic ones, having proteolytic properties 
responsible for food spoilage; butyric acid bacteria, cellulo-
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lytic andbpectinolytic bacteria – violating thebstructure ofbplant 
tissues [Ziel iński etbal., 2017], which results inb“smeariness”; 
andbbacteria ofb false lactic fermentation, producing carbon 
dioxide andbunwanted products having thebnature ofborgan-
ic acids [Franc o etb al., 2012]. Ab signifi cant threat can also 
bebyeasts andbmolds, thebdevelopment ofbwhich isbharmful to 
products ofb fermentation [Perez  Diaz etbal., 2014]. Inbaddi-
tion, molds can produce toxic substances, breakdown plant 
tissues [Maruvada &bMcFeeters, 2009], andbcan also cause 
secondary acidifi cation ofbthebenvironment leading to thebde-
velopment ofb putrefactive bacteria [Franco etb al., 2012]. 
On theb other hand, ab small amount ofb yeast isb favorable, 
as itb stabilizes thebmicrobiota [Arroyo-Lopez etb al., 2012]. 
Itbisbthebethanol produced bybyeast that acts as abpreservative. 
Inbaddition, yeast produces vitamins andbgrowth substances 
that favorably affect lactic acid bacteria [Arroyo-Lopez etbal., 
2012]. However, when excessively growing inb theb fermented 
product, yeast become thebprevailing microbiota, competing 
with lactic acid bacteria [Arroy o-Lopez etbal., 2012].

Inbrecent years, thebroot ofbthebBeta vulgaris L. plant has 
attracted considerable attention as ab functional health pro-
moting food [Chhikara etbal., 2019]. It is rich inbvaluable ac-
tive compounds such as: betalains [Genga tharan etbal., 2015; 
Khan &bGiridhar 2015; Sawicki etbal., 2016, 2017], phenolics 
[Kujala etb al., 2002; Ninfali etb al., 2017; Preczenhak etb al., 
2019; Ravichandran etb al., 2012], saponins [Mikołajczyk-
-Bator etbal., 2016], andbfi ber [Lundberg etbal., 2008]. Beet 
juice contains abhigh level ofbbiologically available antioxi-
dants andbmany trace elements such as potassium, magne-
sium, zinc, iron, calcium, phosphorus, sodium, as well as 
vitamins: niacin andbbiotin [Wootton-Beard &bRyan, 2011]. 

Red beetroots andbtheir bioactive compounds can inhibit 
lipid peroxidation, increase resistance to low density lipopro-
tein oxidation, andbexert abcancer-preventing effect [Lechner 
&bStoner, 2019; Ninfali etbal., 2017].

Betalains are present inbthebtuberous part ofbthebplant, giv-
ing its red-purple coloration. They can bebdivided into two 
groups: betacyanins (red-violet) andb betaxanthins (yellow-
-orange). Betanin isb thebmost abundant betacyanin inb red 
beetroot, isobetanin isbthebsecond major one. Betalain profi le 
inbthirteen red beetroot varieties was investigated bybSawicki 
etbal. [2016], who identifi ed thirty betalains, including 18bbeta-
cyanins andb12bbetaxanthins. Betanin andbisobetanin prevailed 
among thebbetacyanins, whereas vulgaxanthin Ibor miraxan-
thin II among thebbetaxanthins, depending on thebvariety.

Theb fi rst mention ofb fermented beetroot inb Poland ap-
peared inbthebHerbarium ofbSyreniusz, andbone ofbthebfi rst stud-
ies on thebprocesses taking place during borscht making were 
conducted bybPanek [1905]. There isblittle research on biologi-
cally active compounds inbfermented beet products. Our pre-
vious studies addressed changes ofbred beet juice composition 
during spontaneous andbcontrolled fermentation [Czyżowska 
etbal., 2006] andbchanges ofbfermented juice composition dur-
ing 6bmonths ofbcold storage [Klewicka &bCzyzowska, 2011]. 
Studies ofbSawicki &bWiczkowski [2018] were concentrated 
on thebeffect ofbboiling andbfermentation ofbred beetroot prod-
ucts on betalain profi les andbantioxidant capacities. These au-
thors investigated betalain profi le andbcontent inb fermented 
shredded beetroots at 7th andb14th day ofbfermentation. They 

identifi ed fi fteen betacyanins andb their derivatives, andbalso 
two betaxanthins. They also controlled juices ofb fermented 
red beetroots during fermentation andbobserved 11bbetacya-
nins andbtheir derivatives as well as 4bbetaxanthins. Fermenta-
tion reduced thebcontent ofbbetalains byb61–88%, however this 
decline was lesser inbunpeeled beetroots.

To thebbest ofbour knowledge, there isbno literature ad-
dressing changes inbfermented beetroot products during long-
-term cold storage. Therefore, thebaim ofbour study was to 
investigate thebeffect ofblong-term cold storage on thebcontent 
ofbbiologically active compounds (betalains andbphenolics) 
andbmicroorganisms inb fermented beetroots andb fermented 
beetroot juice. 

MATERIALS ANDbMETHODS

Material andbits preparation
Thebbeetroots ofbWodan variety originated from Agricul-

tural Farm Michał Sznajder/ Gospodarstwo Rolne Michał 
Sznajder (Karnice, Poland; 51°28’57”N, 16°50’27”E). Beet-
roots were washed andbpeeled only from hard parts. Next, 
they were grated using abSolia G450bvegetable cutter (Alexan-
derSolia GmbH, Remscheid, Germany). 

Fermentation andbstorage conditions
Grated beetroots were fermented with 7% salt addition 

inbDecember 2016bandbstored inb200-L barrels made ofbcerti-
fi ed PP5bpolypropylene. For abmonth, they were fermented at 
abtemperature ofbabout 15–18oC, for another month at abtem-
perature ofbabout 10–13oC, andb then transported to abcold 
room to bebstored at 5oC. 

To obtain juice, fermented grated beetroots were pressed 
on ab hydraulic fruit press andb bottled. All these processes 
were carried out at thebAgricultural Farm Michał Sznajder/ 
Gospodarstwo Rolne Michał Sznajder.

Three samples from 3bb  arrels were examined each time, 
giving thebtotal number ofb9bsamples per one analysis per one 
product. Juice samples were centrifuged, diluted if necessary, 
andbfi ltered before HPLC/LC-MS analysis, while grated beet 
samples were extracted with water inbab1bto 9bratio at room 
temperature for 30bmin.

Determination ofbtotal phenolics content 
Total phenolics content (TPC) was determined us-

ing theb Folin-Ciocalteu (F-C) reagent [Waterhouse, 2001]. 
Theb exact conditions ofb analysis were given inbCzyzowska 
etbal. [2015]. Thebresults were expressed as gallic acid equiva-
lent andbcalculated based on thebweight/volume ofbsamples 
collected for analysis. 

Spectrophotometric betalain quantification
Red andb yellow pigment contents were analyzed using 

theb Nilsson’s spectrophotometric method [Nilsson, 1970]. 
Samples were mixed with abphosphate buffer (pH 6.5), to en-
sure thebabsorbance between 0.3bandb0.8bat 538bnm. Absor-
bance was measured at 476, 538, andb600bnm using abCecil 
CE2041bspectrophotometer (Cecil Instruments Limited, Cam-
bridge, UK). Thebresults were expressed as betanin or vulgax-
anthin equivalents for red andbyellow pigments, respectively. 
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Betalain profi le determination bybHPLC-DAD
AbFinnigan Surveyor liquid chromatograph equipped with 

an autosampler, abdiode array detector (Finnigan Surveyor-
-PDA Plus), andbChromQuest 5.0bchromatography software 
(Thermo Fisher Scientifi c Inc, Waltham, MA, USA) was used. 
Separation was performed on ab Spherisorb ODS2b column 
(250b× 4.6bmm, particle size 5b μm, Waters, Milford, MA, 
USA) protected with abguard column ofbthebsame material. All 
samples were filtered through ab0.45bμm filter prior to chro-
matography. Theb HPLC method described byb Czyżowska 
etbal. [2006] was employed. Eluent Abconsisted ofb0.2% TFA 
andb10%bHCOOH (65:35, v/v), andb eluent B was prepared 
bybmixing 100% acetonitrile andb10% HCOOH (80:20, v/v). 
Complete separation ofbbetalains was achieved within 80bmin 
at room temperature andbat abfl ow rate ofb0.9bmL/min. Thebfi rst 
15bmin were performed isocratically with 100% A, followed 
byblinear gradient from 0bto 20% B inb65bmin. Betalains were 
monitored at 470bandb538bnm for betaxanthins andbbetacya-
nins, respectively. Results were expressed as peak area (PA).

LC-MSn analysis ofbbioactive compounds
ThebHPLC was coupled on-line with an MS LTQ Velos 

mass spectrometer (ThermoScientifi c, Waltham, MA, USA). 
Chromatographic separation was performed using abHypersil 
Gold column (150 × 2.1mm, particle size 1.9bμm, Thermo-
Scientifi c, Waltham, MA, USA). Thebmobile phase consisted 
ofb solvent Ab (1bmL formic acid inb1bL ofbdeionized water) 
andb solvent B (95% (v/v) acetonitrile). Thebanalysis condi-
tions were similar to those described bybNowak etbal. [2016]. 
Elution began with 96% to 85% Abfor 8bmin, from 85% to 82% 
Abfor 12bmin, from 82% to 60% Abfor 40bmin, from 60% to 
50% Ab for 4bmin, followed bybwashing andb re-equilibration 
ofbthebcolumn. Thebinjection volume was 10bμL.bThebfl ow rate 
was set to 220b μL/min. Electrospray ionization mass spec-
trometry was performed, inbboth thebpositive andbnegative ion-
ization mode. Mass spectra were checked over thebm/zbrange 
ofb100–1000. 

Determination ofborganic acids andbethanol contents
Organic acids were analyzed using abFinnigan Surveyor 

HPLC system (Thermo Fisher Scientifi c Inc, Waltham, MA, 
USA) equipped with an autosampler, abrefractive index detec-
tor (Finnigan Surveyor-RI Plus), abdiode array detector (Finni-
gan Surveyor-PDA Plus), andbChromQuest 5.0bchromatogra-
phy software. Separation was performed on an Aminex HPX 
87H column (300 × 7.8bmm, Bio-Rad, Hercules, CA, USA) 
protected bybabguard column. Thebanalysis conditions were as 
given inbCzyżowska etbal. [2017]. Thebelution conditions were 
as follows: fl ow rate – 0.6bmL/min, oven temperature – 60°C, 
andbsolvent – 5bmM sulphuric acid. 

Determination ofbmicrobial population count
Samples ofbthebfermented grated beetroots andbjuice were 

prepared according to ISO 6887 [2010]. Total mesophilic 
count (TMC) was determined on abplate count agar (PCA) 
following incubation at 30°C for 96bh. Lactic acid bacteria 
(LAB) were quantifi ed on De Man, Rogosa andbSharpe agar 
(MRS) following incubation at 30°C for 72bh under anaero-
bic conditions (Gas-Pack System, BBL, Becton–Dickinson, 

Franklin Lakes, NJ, USA). Enterobacteriaceae were deter-
mined on Violet Red Bile Dextrose agar (VRBD). Dichloran 
Rose Bengal Chloramphenicol agar (DRBC) was used for de-
termination ofbyeast andbmold counts. Theb lowest detection 
limit ofb these enumeration techniques was 10bCFU/g (CFU 
– colony forming units). Five samples ofbeach product were 
analyzed. Thebresults were expressed as CFU/g ofbbeetroot or 
CFU/mL ofbjuice.

Statistical analysis
All measurements were performed inb nine independent 

replicates andb theb results are presented as mean values ± 
standard deviations (SD). Thebstandard deviation was deter-
mined using STATISTICA 10bPL software (StatSoft, Krakow, 
Poland). Theb results were compared byb one-way analysis 
ofbvariance (ANOVA), whereas Tukey’s test was carried out 
to test any signifi cant differences among thebmean values. 
Differences among mean values at 5% level (P<0.05) were 
considered statistically signifi cant.

RESULTS ANDbDISCUSSION

Our previous investigations involved ab six-month cold 
storage ofbfermented beetroot juices [Klewicka &bCzyzowska, 
2011]. There are no literature data about changes ofbferment-
ed beetroot products after this time ofbstorage. Therefore, we 
have decided to study changes ofbthese products since theb7th 
month until thebend ofbshelf-life. 

Total phenolics content inbfermented beetroot products
Total phenolics content inbgrated beetroot was approxi-

mately 900bmg/kg at thebbeginning ofb thebexperiment, while 
inbjuice itbwas approx. 800bmg/L at thebsame time (Table 1). 

TABLE 1. Contents ofb total phenolics, andb red andb yellow pigments 
inbfermented beetroot products during long-term cold storage. 

Fermented 
product

Total phenolics 
content*

Red 
pigment**

Yellow 
pigment***

Grated beetroot (mg/kg)

GB7M 920±120a 116±11a 14±1b

GB8M 795±7a 83±12b 17±3ab

GB9M 605±10b 52±13c 19±1a

GB10M 570±5c 38±2c 13±2b

Beetroot juice (mg/L)

BJ7M 810±20a 69±11a 19±2a

BJ8M 793±5a 52±9a 14±2b

BJ9M 595±8b 33±8b 6±1c

BJ10M 540±96b 24±9b 8±1c

GB – grated beetroot; BJ – beetroot juice; 7M-10M time ofb storage 
inbabcold room (5°C) inbmonths. *Calculated as gallic acid equivalent. 
**Calculated as betanin equivalent. ***Calculated as vulgaxanthin equiv-
alent. Data are expressed as mean±standard deviation, n=9. Different 
letters a-c for each product type indicate statistically signifi cant differ-
ences (p0.05).
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Thebtotal phenolics content inbthebsamples analyzed bybKa-
valcová etbal. [2015] ranged from 820bto 1281bmg/kg inbdif-
ferent varieties ofbred beetroot, andbinbthebsamples analyzed 
bybWootton-Beard &bRyan [2011] thebcontent ofbphenolics 
was from about 620bto 1450bmg/kg, whereas their concentra-
tion inbjuices made ofbseven beet varieties ranged from 0.85bto 
1.29bg/L [Wruss etbal., 2015]. As itbcan bebseen, thebconcentra-
tion ofbthis group ofbcompounds inbthebinvestigated fermented 
grated beetroots andbjuices was comparable with thebconcen-
tration ofbphenolics inbfresh beets andbinbbeet juices. 

Ab downward trend was observed inb phenolics content 
during storage (Table 1). Theb largest decrease was notice-
able at theb turn ofb theb8th andb theb9th month ofb storage. At 
thebend ofbthebexperiment, thebcontent ofbphenolics was ap-
prox. 570bmg/kg inbgrated beetroot andb540bmg/L inbbeetroot 
juices. This could bebdue to thebenzymatic oxidation o fbphe-
nolic compounds inb fragmented plant tissues andb thebactiv-
ity ofb lactic acid bacteria enzymes, as well as oxygen access 
during thebcollection ofbsubsequent batches ofbthebproducts.

Betalain content
Thebconcentration ofbbetalains determined with thebNil-

son’s spectrophotometric method [1970] was 116b mg/kg 
andb69bmg/L for red pigments andb14bmg/kg andb19bmg/L for 
yellow ones, for grated beetroot andbjuice, respectively. Study 
results indicate that red pigments predominated inb thebana-
lyzed products. Their content inbgrated beetroots was about 
8b times higher compared to thebyellow ones (betaxanthins); 
while inbthebcase ofbbeetroot juice this difference was smaller 
(Tableb1).

Both inbthebcase ofbfermented beets andbjuice, about 3-fold 
decrease ofbred pigments content was observed during stor-
age. Taking into account yellow pigments, their content did 
not change inbgrated beetroot, andbtheir about 2-fold loss was 
observed inbjuices. These observations are consistent with lit-
erature data stating that betalains degrade during storage or 
processing which cause color changes [Esquivel, 2016].

As we stated before [Czyżowska etbal., 2006], for product 
color, not only thebtotal content ofbthebpigments isbimportant 
but also their composition. Theb content ofb thebmain com-
pounds (red betalains) found inb fermented grated beetroots 
andbfermented juice was also determined bybHPLC.bThebre-

sults expressed as peak area (PA×106) are presented inbFig-
ures 1bandb2, respectively. Five main compounds from thebbe-
tacyanin group were found inb fermented grated beetroot: 
prebetanin, betanin, isobetanin, betanidin, andbalso isobetan-
idin. Prebetanin concentration inbfermented juices was below 
theblimit ofbquantitation. 

Betanidin was shown to bebthebmajor compound among 
grated beetroot pigments at thebbeginning ofb theb investiga-
tion, its content was above 50% ofbthebtotal content ofbthese 
pigments. Thebbeetroot juice was predominated bybisobetani-
din (46%) andbbetanidin (34%). Their high concentrations 
can bebeffected bybβ-glucosidase activity ofb lactic acid bac-
teria (LAB) involved inbthebfermentation process. Thebactiv-
ity ofbthis enzyme isbwidespread among LAB typical ofbplant 
materials. β-Glucosidases release plant secondary metabo-
lites from their β-D-glucosylated precursors [Michlmayr 
&bKneifel, 2014].

Inbmost cases, thebcontent ofbpigments decreased during 
storage, which could bebinfl uenced bybmany factors such as: 
matrix pH andbwater activity, enzymes activities, heat treat-
ment, andb exposure ofbproduct to oxygen andb light during 
storage, as well as storage temperature [Belhadj Slimen etbal., 
2017; Herbach etbal., 2006]. 

Minor increase ofb isobetanin content was observed b e-
tween theb7th andbtheb8th storage month. Betacyanins, due to 
thebC15bchiral center, exist inbtwo epimeric forms, e.g. betanin 
andbisobetanin. Epimerization can occur inban acidic medium 
andb lead to an increased isobetanin concentration [Belhadj 
Slimen etbal., 2017; Herbach etbal., 2006].

Towards thebend ofbthebstudy, thebproportion ofbpigments 
changed slightly, betanidin accounted for 45% andb30% ofbto-
tal betalains inbgrated beet andbbeet juice, respectively.

Compared to our previous research [Klewicka &bCzyzows-
ka, 2011] into thebstorage ofbfermented beet juice, thebcontent 
ofbbetanidin andbisobetanidin isbmuch higher, while thebcon-
centration ofb betanin andb isobetanin isb lower. This might 
bebdue to ablonger storage time (up to 10bmonths), other fer-
mentation conditions (addition ofbstarter cultures inbthebcase 
ofb previous studies), andb scale ofb theb research (laboratory 
andblarger farm).

Considering our other research into thebeffect ofbsupport-
ing thebfermentation ofbbeet juice bybthebaddition ofbabstarter 
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TABLE 2. Tentative LC-MSn identifi cation ofbbetalains inbfermented products between theb7th andbtheb10th month ofbstorage.

RT
(min)

λmax
(nm)

[M+H]+

m/z
MS2

m/z
[M-H]-

m/z
MS2

m/z Tentative identifi cation GB* BJ*

2.28 263, 274, 460 273 271 portulaxanthin + +

3.36 475 459 295, 413, 251 457 unknown bidecarboxy-
xanneobetanin isomer + +

3.62 284, 462 347 345 dopamine-bx 
(miraxanthin V) + +

4.32 280, 308 317 315 152, 162, 108 dopamine + +

4.70 280, 479 345 343 162, 180, 136 unknown decarboxy-
-betanidin isomer + +

5.06 483, 275 309 307 indicaxanthin + +

5.24 276, 479 391 389 dopaxanthin + -

5.78 536 505 356, 194 unknown decarboxy-
-dehydrobetanin isomer + +

5.93 537 551 389 549 betanin + +

6.05 535 713 711 2’-O-glucosyl-isobetanin + +

6.11 537 631 629 prebetanin + +

6.35 505 356, 194 503 unknown decarboxy-
-dehydrobetanin isomer - +

6.92 536 551 549 isobetanin + +

7.13 547 527 ni - +

7.23 542 389 343, 345, 150, 194, 
258, 301, 178 387 299, 194, 343 betanidin + +

7.46 326 324 asparagine-betaxanthin 
(vulgaxanthin III) + -

7.63 311 309 valine-betaxanthin - +

8.35 542 389 387 isobetanidin + +

8.65 467 295 166, 120, 278 293 128, 275 unknown betanidin 
derivative + +

8.70 532 549 547 459, 297, 503, 415 neobetanin + +

9.07 280, 450 505 unknown betanidin 
derivative + +

9.80 280, 504 380 378 272, 306, 288, 
254, 360, 179 ni + +

10.00 277, 527 231 214, 158, 188 ni + +

10.10 280, 482 325 vulgaxanthin IV - +

10.48 274, 456 461 459 2,17-bidecarboxy-
-neobetanin + +

10.35 277, 482 597 ni + -

10.58 279, 327, 482 323 321 128, 171, 303, 215 ni + +

12.25 465 331 329 tyramine-betaxanthin 
(miraxanthin III) + +

14.12 507 463 461 2,17-bidecarboxy-
-betanin/isobetanin + -

14.31 459 297 295 γ-aminobutyric acid-
-betaxanthin + +

14.52 532 727 551 6-O-feruloyl-betanin + -

21.32 534 637 593, 551, 389 isobetanidin 5-O-(6-O-
-malonyl)-β-glucoside + +

RT – retention time; GB – fermented grated beetroot, BJ – fermented beetroot juice, ni – not identifi ed; * – presence ofbcompounds at each time ofbstor-
age (7M, 8M, 9M, 10M).
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culture [Czyżowska etbal., 2006], itbwas noted that thebaddi-
tion ofbLactobacillus plantarum, abplant-derived strain, caused 
enhanced synthesis ofbbetanidin, compared to other bacte-
rial strains. Theb infl uence ofb thebvariety on thebproportions 
ofbthebcompounds tested was noted as well. 

LC-MS identifi cation ofb bioactive compounds in 
fermented beetroot products

To thebbest ofbour knowledge, there isbno literature available 
regarding thebbetalain profi le inbfermented juices andbgrated 

beets during long-term cold storage. Available data relate to 
changes inb this group ofb compounds during fermentation 
[Sawicki &bWiczkowski, 2018; Sawicki etbal., 2019].

Thebprofi le ofbbioactive compounds inbfermented products 
( between 7bandb10bmonths ofb storage) was analyzed using 
thebLC-MSn technique. Compounds were identifi ed bybcom-
parison ofbmass spectra, λmax andbretention times ofbavailable 
standards (phenolic acids andbfl avonols) or previously pub-
lished data [Nemzer etbal., 2011; Sawicki etbal., 2016; Sawicki 
&bWiczkowski, 2018; Slatnar etbal., 2015].

TABLE 3. Tentative LC-MSn identifi cation ofbother bioactive compounds inbfermented products between theb7th andbtheb10th month ofbstorage.

RT
(min)

λmax
(nm)

[M+H]+

m/z
MS2

m/z
[M-H]-

m/z
MS2

m/z Tentative identifi cation GB BJ

2.18 329 327 betagarin + -

2.89 257, 470 259 163, 259 257 caffeic acid derivative + +

3.03 279, 320 181 179 135, 119, 92 caffeic acid + +

3.09 223, 280 155 137 153 protocatechuic acid + -

3.79 223, 276 139 137 p-hydroxybenzoic acid + -

4.32 280, 308 317 315 152, 162, 108 dopamine + +

4.77 166 164 ni + +

4.85 339 337 p-coumaroylquinic acid + +

5.86 364 321
2-O-(3,4-dihydroxy 

benzyl)-2,4,6-
-trihydroxyphenylacetic acid 

- +

6.03 289 128, 271, 215 (epi)catechin + -

6.68 272, 310 293 ni + -

7.06 611 609 quercetin-glucoside + -

7.13 547 527 ni - +

7.81 271 345 343 192 theogallin + -

8.19 316 194 192 148, 174 ni + +

9.45 280, 491 571 569 371, 327, 389, 197 ni + +

9.80 280, 504 380 378 272, 306, 288, 
254, 360, 179 ni + +

10.00 277, 527 231 214, 158, 
188 ni + +

10.35 277, 482 597 ni + -

10.58 279, 327, 482 323 321 128, 171, 303, 
215 ni + +

11.65 279 575 443, 425, 267 (epi)catechin-(epi)
catechin (Abtype) + +

12.19 328 309 307 ni + +

12.85 225, 280 187 170, 158, 
144 ni + -

13.06 280, 229 195 136, 151, 177 ni + +

17.03 301 quercetin + +

18.29 333 307 261, 97 ni + -

19.02 197 153, 180, 171, 
136, 182, 93, 198 syringic acid + -

RT – retention time; GB – fermented grated beetroot, BJ – fermented beetroot juice, ni – not identifi ed; * – presence ofbcompounds at each time ofbstor-
age (7M, 8M, 9M, 10M).
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As expected, theb majority ofb compounds belonged to 
thebbetalain family (Table 2). Inbaddition to thebbasic betalains 
(prebetanin, betanin, isobetanin, betanidin, andbisobetanidin) 
characterized bybHPLC, additional 22bcompounds were iden-
tifi ed including, among others, neobetanin andbits derivatives 
like 2,17-bidecarboxy-neobetanin andb bidecarboxy-xanneo-
betanin isomer. 

Studies ofbWybraniec &bMichałowski [2011] confi rmed 
thebhighest enzymatic oxidating activity ofbneobetanin at pH 3, 
which isbsimilar to thebconditions prevailing inbour products, 
andbother studies ofbStarzak etbal. [2016] have shown that one 
ofbthebmain products ofbenzymatic oxidation was 2,17-bide-
carboxy-xanneobetanin. 

Nine ofbthese compounds were found inbfermented roots 
andb juices investigated bybSawicki etb al. [2019] andbfi fteen 
inbthebresearch bybSawicki &bWiczkowski [2018]. 

Taking into account betaxanthins, 8bcompounds from this 
group were found inb fermented grated beetroots andb juices. 
Four ofbthem (miraxanthin V, indicaxanthin, miraxanthin III, 
andbγ-aminobutyric acid-betaxanthin) were detected inbboth 
investigated products. One ofb these compounds – miraxan-
thin V – was found inb fermented beetroot juices obtained 
byb Sawicki &bWiczkowski [2018]. However, these authors 
identifi ed three other betaxanthins not occurring inbour juic-
es. Thebnewest studies ofb thebaforementioned authors [Sa-
wicki etbal., 2019] indicated thebpresence ofbtwo betaxanthins 
(vulgaxanthin Ibandbmiraxanthin V) inbfermented beet roots. 
These authors did not identify any traces ofbthese compounds 
inb juices obtained during theb fermentation process ofbbeet-
roots. We did not fi nd any traces ofbvulgaxanthin Ibinbproducts 
studied, which isbnot consistent with our previous data con-
cerning fermented juices [Czyżowska etbal., 2006] as well as 
data obtained bybSawicki etbal. [2018]. But according to other 
literature data [Sawicki &bWiczkowski, 2018], this compound 
disappeared after theb5th day ofbfermentation ofbred beet juice. 
However, itb was present inb theb fermented beets examined 
bybthebauthors. Theblack ofbthis compound inbour fermented 
products may bebdue to long storage or thebvariety used.

Considering phenolic compounds (Table 3), some acids 
were detected, including: p-hydroxybenzoic, protocatechuic, 
syringic, caffeic, p-coumaroylquinic, andbgalloylquinic (theo-
gallin) acids. We did not fi nd ferulic acid, that was detected 
inbbeet juices investigated bybWruss etbal. [2015], but we identi-
fi ed its derivative with betanin – 6-O-feruloyl-betanin, abcom-
pound previously identifi ed bybSlatnar etbal. [2015] inbpeel 
andbpetiole ofbred beet, bybSawicki etbal. [2016] inb13bred beet 
varieties, bybSawicki etbal. [2018] inbfermented red beet juice, 
as well as bybSawicki &bWiczkowski [2018] andbSawicki etbal. 
[2019] inb fermented beetroot andb juices. Flavonoids identi-
fi ed were: (epi)catechin, Ab type dimer ofb(epi)catechin-(epi)
catechin, quercetin andb its derivative quercetin-glucoside, 
andbbetagarin – abcompound identifi ed bybKujala etbal. [2002].

Organic acids andbethanol
Table 4bshows thebconcentration ofborganic acids andbetha-

nol inb fermented grated beetroot andb juice after 7–10-month 
storage. On thebbasis ofbchromatographic separation, thebpres-
ence ofbthree acids was revealed inbthebtested samples. They were 
products ofb lactic acid fermentation. Ofb thebacids, lactic acid 
showed thebhighest concentrations inb theb tested samples, i.e. 
6.03–8.68bg/kg inbfermented grated beetroots, andb4.76–5.18bg/L 
inbjuices, andbinbmost cases did not differ signifi cantly (p>0.05) 
during storage time. Acetic andb propionic acids occurred at 
levels ofb 3.54–6.30, 3.86–4.90b g/kg andb 1.02–1.73b andb 0.32–
–2.26bg/L, inbfermented grated beetroots, andbjuices respectively. 
About 50% ethanol loss between theb7th andb theb10th storage 
month was observed inbboth products tested. 

There ar e no literature data concerning organic acids con-
tent inbfermented beetroot products. But taking into account 
other fermented products, like olives, thebmajor organic acids 
were lactic acid as thebmain biochemical product ofbfermen-
tation followed bybacetic acid, thebpresence ofbwhich could 
beb attributed to homo- or hetero-fermentative metabolism 
ofbLAB strains due to nutrient limitation, salt concentration, 
as well as to yeast metabolism [Arroyo-López etbal., 2012; 
Blana etbal., 2014].

TABLE 4. ThebpH andbthebconcentration ofborganic acids andbethanol inbthebfermented products. 

Fermented product pH Lactic acid Acetic acid Propionic acid Ethanol

Grated beetroot (g/kg)

GB7M 3.71±0.32a 6.03±1.04b 4.77±1.02ab 1.02±0.32b 8.98±0.67a

GB8M 3.56±0.13a 6.63±0.20b 5.54±1.30ab 1.73±0.12a 7.42±0.35b

GB9M 3.32±0.25a 8.68±0.92a 3.54±1.03b 1.04±0.94ab 7.78±0.45b

GB10M 3.61±0.08a 6.40±0.15b 6.30±0.65a 1.59±0.36ab 4.15±0.25c

Beetroot juice (g/L)

BJ7M 3.92±0.31a 5.18±0.42a 4.10±0.82a 0.78±0.48b 6.04±3.98ab

BJ8M 3.83±0.25a 5.03±0.36a 4.28±1.08a 0.56±0.14b 3.85±1.05b

BJ9M 3.81±0.48a 5.01±0.76a 4.90±0.62a 2.26±1.02a 9.06±3.06a

BJ10M 4.12±0.37a 4.76±0.64a 3.86±0.58a 0.32±0.10b 3.28±0.62b

GB – grated beetroot; BJ – beetroot juice; 7M-10M time ofbstorage inbabcold room (5°C) inbmonth. Data are expressed as mean±standard deviation 
n=9. Different letters a-c for each product type indicate statistically signifi cant differences (p0.05)
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Microbiol ogy
Results ofbmicrobiological analyses ofb theb investigated 

products during storage are presented inbTable 5. Theb total 
number ofbmesophilic bacteria inbthebtested samples reached 
103–105b CFU/g inb grated beetroots andb 103–106b CFU/mL 
inb juices. Inb most cases, there were no signifi cant differ-
ences (p>0.05) between thebnumber ofbmesophilic bacteria 
andbthebnumber ofbLAB.bInbsome cases (especially inb juices 
between theb 7th andb theb 8th month ofb storage), thebnumber 
ofbLAB was slightly higher, which may indicate better recovery 
ofbthese bacteria inbthebMRS broth. Thebresults indicate that 
lactic acid bacteria predominated among thebbacterial micro-
biota inbthebfermented products. Larger numbers ofbLAB were 
observed inbthebfermented juices samples. 

Thebcount ofbyeast was lower inbthebfermented grated beet-
roots: at thebbeginning ofbinvestigated period at theblevel ofbal-
most 102, andbat thebend ofbobservation lower than 10bCFU/g. 
Thebhigher count ofbyeast was found inbthebjuices (103bCFU/mL). 
Enterobacteriaceae were not detected inbthebfermented grated 
beetroots andb beetroot juices throughout theb storage time. 
These results indicate abhigh quality ofbthebinvestigated prod-
ucts, which isb ensured byb thebmanufacturer, andb that they 
are safe for thebconsumers inbterms ofbtheir microbiological 
quality. Inbthebcase ofbfermented grated beetroots at thebend 
ofbthebstorage period, thebcounts ofbmesophiles andbLAB de-
creased inbabstatistically signifi cant manner (p0.05) as com-
pared to their initial counts. Inbthebcase ofbjuices, thebnumbers 
ofball microorganisms were almost at thebsame levels during 
thebstorage period. 

Thebstorage survival ofblactic acid bacteria, including poten-
tially probiotic strains, depends on thebenvironment andbthebtype 
ofbstrain used. Peñas etbal. [2010] observed absteady increase 
inbthebnumber ofblactic acid bacteria, including Lb. plantarum 
andbLb. mesenteroides strains, used for fermentation ofbcabbage 
juice, during 3-month storage at 4ºC.bGardner etbal. [2001], 
found abdecrease inbthebnumber ofbbacteria from 109bCFU/mL 
after fermentation to 106bCFU/mL on theb90th day ofbstorage 

ofb cabbage, beet, andb carrot juices at 4ºC, fermented with 
abmixture ofbLactobacillus, Leuconostoc, andbPediococcus strains. 
According to these authors, thebviability ofbbacterial cultures 
may result from thebspecifi city ofbthebstrain used andbthebtype 
ofb theb food matrix (vegetables from which theb juice was ob-
tained). Inbturn, Yoon etbal. [2005] studied thebsurvival ofbLAB 
strains inbfermented (72bh, temp.b30ºC) beetroot juice, stored at 
4ºC for 4bweeks. Thebsurvivability ofbthebstrains was observed at 
levels ranging from 106bto 108bCFU/mL, except for Lb. acidophi-
lus LA39. Finally, abresearch bybKlewicka &bCzyżowska [2011] 
regarding thebstorage ofbfermented beet juices with thebaddition 
ofbstarter cultures showed thebsurvival ofbLAB at 106bCFU/mL 
after 180bdays ofbstorage at 4ºC.

CONCLUSIONS

This isbthebfi rst  report on biologically active compounds 
(betalains andb phenolics) composition inb fermented grated 
beetroots andbbeetroot juices during long-term cold storage. 

Theb total phenolics content decreased during theb pro-
cess, andbat theb end reached 570bmg/kg inbgrated beetroot 
andb 540b mg/L inb juices. Betalains andb phenolics profi les 
inb these products were characterized andb itbwas found that 
there were both quantitative andbqualitative differences be-
tween them. Lactic acid bacteria predominated among 
thebbacterial microbiota ofbthebfermented products. 

Thebtested products were found to bebabrich source ofbbiolog-
ically active compounds, andb their health-promoting potential 
was enhanced bybthebpresence ofbmetabolically active lactic acid 
bacteria. During long-term  storage, thebcontent ofbtheir bioactive 
compounds decreased, however, remained at abhigh level.
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TABLE 5. Microbiological quality ofbfermented beetroot products during long-term cold storage. 

Fermented product TMC LAB Enterobacteriaceae Yeast andbmolds

Grated beetroot (CFU/g)

GB7M (1.8±0.5) × 105b (4.5±1.3) × 105a <10a 93±35a

GB8M (5.2±3.6) × 104c (4.5±1.9) × 103c <10a <10b

GB9M (8.0±2.0) × 105a (4.6±1.2) × 105a <10a <10b

GB10M (7.0±2.5) × 103d (5.6±2.5) × 104b <10a <10b

Beetroot juice (CFU/mL)

BJ7M (3.6±0.7) × 104c (2.4±0.8) × 105b <10a (4.0±0.4) × 103a

BJ8M (2.4±0.7) × 103d (8.3±1.8) × 105a <10a (1.4±0.7) × 103b

BJ9M (1.5±0.1) × 106a (1.4±0.5) × 106a <10a (1.3±0.3) × 103b

BJ10M (2.8±0.2) × 105b (2.2±0.3) × 105b <10a (1.2±0.5) × 103b

GB – grated beetroot; BJ – beetroot juice; 7M-10M time ofbstorage inbabcold room (5°C) inbmonths; TMC – total mesophilic count, LAB – lactic acid 
bacteria. Data are expressed as mean±standard deviation, n=9. Different letters a-d for each product type indicate statistically signifi cant differences 
(p0.05).
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LIST OFbABBREVIATIONS

ABTS – 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic 
acid); AchE – acetylcholinesterase; ATCI – acetylthiocholine; 
BJ – beetroot juice; CUPRAC – cupric ion reducing antioxidant 
capacity; DAD – diode-array detection; DPPH – 2,2-diphenyl-
-1-picrylhydrazyl; DTNB – 5,5’-dithiobis(2-nitrobenzoic acid); 
dw – dry weight; FRAP – ferric-reducing antioxidant pow-
er; HPLC – high performance liquid chromatography; 
MW – molecular weight; PBS – phosphate-buffered saline; 
SGD – simulated gastrointestinal digestion; SGF – simulated 
gastric fl uid; SIF – simulated intestinal fl uid; TE – Trolox 
equivalent; TEAC – Trolox equivalent antioxidant capacity; 
TFC – total fl avonoid content; TPC – total phenolics content. 

INTRODUCTION

Beetroot (or red beet) isbthebcultivated form ofbBeta vulgaris 
subsp. vulgaris (conditiva) grown throughout thebAmericas, 
Europe, andbAsia. Unlike Beta vulgaris subsp. vulgaris (altissi-
ma), known as sugar beet, conditiva subspecies are two times 
poorer inbsucrose [Wruss etbal., 2015]. Red beet isbabroot veg-

* Corresponding Author: Tel.: +359 886 947242; 
E-mail: ivelina_hristova_vn@abv.bg (I.bDesseva)

etable andbknown as absource ofbphenolic compounds, carot-
enoids, nitrates, vitamins, minerals andbwater-soluble pigments 
[Chhikara etbal., 2019]. Itbisbconsumed regularly as part ofban 
everyday diet andbalso isbextensively used as abfood coloring 
agent (E162) [Georgiev etbal., 2010]. Red beetroot has gained 
popularity owing to its biological activity andbpotential utility 
as abhealth-promoting andbdisease-preventing functional food 
[Clifford etbal., 2015]. Its intense red color isbdue to thebpres-
ence ofb highly reactive nitrogen-containing pigments called 
betalains. They represent plant secondary metabolites that 
share some similar chemical properties, biological functions, 
andbcolor spectrums with anthocyanins but these two groups 
ofbmetabolites never coexist together inbplants [Solovchenko 
etbal., 2018]. Betalains are abclass ofbbetalamic acid derivatives 
which are composed ofbbetacyanins (red-violet colored sub-
stances) andbbetaxanthins (yellow-orange colored substances) 
[Gandía-Herrero etb al., 2010]. Betalains are considered to 
induce extremely powerful antiradical andbantioxidant effects 
[Gandía-Herrero etbal., 2010]. Inbaddition, many studies with 
laboratory animals demonstrated tumor-chemopreventive ef-
fects ofbred beetroot extracts [Kapadia & Rao, 2013]. Beetroot 
isbalso abrich source ofbphenolic acids andbfl avonoids as well as 
ofbother compounds, such as carotenoids andbascorbic acid, 
which may further increase its total antioxidant capacity [Clif-
ford etbal., 2015; Wootton-Beard & Ryan, 2011].
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Beetroot, thebcultivated form ofbBeta vulgaris subsp. vulgaris, isbknown for its various benefi cial properties but more critical data about its bioac-
tive compounds digestion isbneeded. Inbthebpresent research, thebbioaccessibility ofbphytochemicals inbfreshly prepared red beetroot juice was studied. 
Changes inbtotal phenolics content, total fl avonoids content, contents ofbbetacyanins andbbetaxanthins, phenolic acids profi le as well as thebantioxidant 
activity were monitored before andbafter simulated gastrointestinal digestion. Several parameters that provide interrelated information about food 
quality were additionally evaluated, including oxalic acid andb individual sugars content, total titratable acidity, andbacetylcholinesterase inhibitory 
activity. Signifi cant loss ofbcontents ofbtotal phenolics andbfl avonoids measured after digestion resulted inbthebrecovery ofb27.07bandb36.4%, respectively. 
Thebsame negative tendency was observed for betalains bioaccessibility. While nearly 27% ofbbetaxanthins were present after thebsimulated digestion, 
almost all betacyanins (96.07%) have been lost. ThebHPLC analysis ofbphenolic acids ofbbeetroot juice revealed thebpresence ofbchlorogenic, caffeic, 
p-coumaric, andbsinapic acids. After digestion, ab2.5-fold higher concentration ofbchlorogenic acid was found, however caffeic andbp-coumaric acids 
were no longer detected. Thebresults concerning thebantioxidant activity ofbdigested juice were inexplicit. According to thebDPPH assay, there was 
abcomplete recovery ofbantioxidant activity, while no activity was detected employing thebABTS assay. Following thebcupric ion reducing antioxidant 
capacity (CUPRAC) andb ferric-reducing antioxidant power (FRAP), approximately half ofb theb initial activity was retained. Despite theb losses, red 
beetroot remains abvaluable source ofbbiologically active substances. Better understanding ofbtheir transformation during digestion isbfurther needed. 
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Till recently, not many studies have been focused on 
theb transformations that occur during food digestion. This 
isb ab complex process with many factors involved. So far, 
inbvivo studies are not an option due to higher experimental 
cost andbserious ethical considerations [Sengul etbal., 2014]. 
Therefore, more andbmore efforts are put into thebdevelop-
ment ofbreliable methods for inbvitro gastrointestinal digestion 
evaluation [Minekus etbal., 2014]. Although, inbvitro methods 
have serious disadvantages, they can serve as preliminary 
test for thebbioaccessibility andbbioavailability ofbcompounds 
from thebfood matrix andbas abstarting point for further inves-
tigations. 

Several studies are available so far for beetroot phy-
tochemicals digestibility [Dalmau etb al., 2019; Guldiken 
etbal., 2016; Tesoriere etbal., 2008]. Thebprocessing method 
andb theb interactions with theb food matrix are considered as 
theb two external factors that signifi cantly infl uence theb ac-
tual bioaccessibility andbbioavailability ofbingested phenolics 
[Shahidi & Peng, 2018]. Overall, ab limited recovery for dif-
ferent beetroot products isbreported that could bebmoderated 
bybthebpretreatment conditions [Dalmau etbal., 2019; Guldik-
en etbal., 2016]. So far, ablack ofbcritical data about beetroot 
juice digestibility isbnoticeable. 

Inbthis regard, thebaim ofbthebcurrent study was to evalu-
ate thebbioaccessibility ofbphytochemicals inbfreshly prepared 
beetroot juice (BJ) bybusing inbvitro model simulating gastro-
intestinal digestion (SGD). No extraction method was applied 
inb order to simulate real conditions ofb juice consumption. 
Theb loss ofbphytochemicals andbtheir corresponding activity 
and/or recovery ofb such were also calculated. HPLC-DAD 
analysis ofbindividual polyphenols, before andbafter SGD, was 
performed as well. 

MATERIALS ANDbMETHODS

Chemicals andbinstruments
Theb red beetroot used inb this study was with Bulgarian 

origin (Plovdiv region), vintage 2018. Thebbeetroot juice was 
purchased from ab local fresh fruit juice shop where itbwas 
freshly cold-pressed on abslow-turn juicer. ThebBJ was then 
immediately subjected to analysis. Three independent sam-
ples were made andb tested from theb same beet material 
andbthebresults are presented as mean. Simulated gastric fl uid 
(SGF) andbsimulated intestinal fl uid (SIF) were prepared as 
described bybMinekus etbal. [2014]. 

All reagents used inb this study were ofb analytical grade 
andbpurchased from Merck Chemicals (Germany) andbSig-
ma-Aldrich (Germany).

All spectrophotometric measurements were performed on 
SPECTROstar Nano Microplate Reader (BMG LABTECH, 
Ortenberg, Germany), andball HPLC assays were performed 
on Elite LaChrome (Hitachi, Tokyo, Japan) HPLC system 
equipped with DAD andbELITE LaCHrome (Hitachi, Tokyo, 
Japan) software.

Inbvitro gastrointestinal digestion procedure
Thebassay was performed according to thebprocedures de-

scribed bybMinekus etbal. [2014] with minor modifi cations. 
Only gastric andbintestinal phase were included.

Gastric phase
BJ (5bmL) was mixed with 3.62bmL ofbabporcine pepsin 

stock solution (pepsin from porcine gastric mucosa, P7000, 
Sigma-Aldrich; 5520b U/mL made up inb SGF electrolyte 
stock solution), 2.5bμL ofb0.3bM CaCl2bandb132bμL ofbphos-
pholipids (0.17bmM inb thebfi nal digestion mixture). ThebpH 
ofb thebmixture was corrected with 1bM HCl to theb value 
ofb3.0bandbthebvolume ofbthebmixture was made up to 10bmL 
with distilled water. Thebmixture was then incubated at 37°C 
with constant shaking inbabshaking water bath for 2bh. ThebpH 
was regularly checked andb re-adjusted with 1bM HCl when 
needed.

Intestinal phase
Gastric chyme (10bmL) was mixed with 8bmL ofbabpan-

creatin solution (pancreatin from porcine pancreas, P1750, 
Sigma-Aldrich; 1.72bU/mL made up inbSIF electrolyte stock 
solution based on trypsin activity), 1.9bmL ofbfresh bile extract 
(160bmM fresh bile salts inb fi nal mixture, Sigma-Aldrich), 
20bμL ofb0.3bM CaCl2, 1bM NaOH to reach pH 7.0, andbwater 
to 20bmL total volume. Thebmixture was then incubated at 
37°C inbabshaking water bath for 2bh. ThebpH was regularly 
checked andbre-adjusted with 1bM NaOH during thebprocess, 
if needed.

For theb blank sample, water was used instead 
ofbBJ.bThebvalues obtained for blanks were subtracted from 
thebsample values for each analysis. Thebdigestion sample was 
then centrifuged andbstored at -20°C till further analysis, but 
no longer than for 7bdays.

Moisture
Total moisture content ofb theb samples was determined 

inbabmoisture analyzer balance (Radwag PMC 50/NH, Po-
land). Thebsample was placed inbabdish andbdried to constant 
mass at 105°C. 

Total titratable acidity
Theb titratable acidity was measured byb titration with 

ab 0.1bM NaOH.bTheb results are expressed as g citric acid 
inb100bmL juice as follows:

TA, g/100bmL= NNaOH × VNaOH × Meq(citric acid)
× DF × 100/1000/Vsample

where: NNaOH isb thebnormal concentration ofbNaOH, mol/L; 
VNaOH isb thebvolume ofbNaOH required to reach thebequiva-
lent point, mL, Meq(citric acid) isbthebequivalent weight ofbcit-
ric acid (64.04b g/eq), DF isb theb dilution factor, andb Vsample 
isbthebvolume ofbBJ, mL.

Oxalic acid content determination
Oxalic acid content was determined as described bybWruss 

etbal. [2015] without modifi cations using thebpermanganese 
reduction method. Beetroot juice was diluted (1:10, v/v) with 
H2O, andb2bmL ofbthebdiluted sample was mixed with 6bmL 
ofbH2O andb1bmL ofb1bM H2SO4. Thebsample was heated to 
50–60ºC andb titrated with ab0.02bM KMnO4b solution until 
persisting pale pink appeared. Theb concentration ofb ox-
alic acid was determined using ab reference curve generated 
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bybpure oxalic acid (5–50bmg/mL, R2=0.9987) andbexpressed 
as mg per g ofbdry weight (dw) ofbBJ (mg/g dw). All samples 
were measured inbtriplicate.

Determination ofbtotal phenolics content 
Theb total phenolics content (TPC) was analyzed us-

ing thebmethod ofb Singleton & Rossi [1965] with some 
modifi cations. Native or digested BJ (0.1bmL) was mixed 
with 0.5bmL ofb theb Folin-Ciocalteu reagent andb 0.4bmL 
ofb 7.5% Na2CO3. Theb mixture was vortexed andb left at 
50ºC for 5bmin. After incubation, thebabsorbance was mea-
sured at 765bnm. ThebTPC was expressed as mg gallic acid 
equivalents (GAE) per g ofbnative or digested BJ dw (mg 
GAE/g dw). Theb linear range for gallic acid standard was 
5–100bmg/L (R2=0.9965) 

Determination ofbtotal fl avonoids content 
Theb total fl avonoids content (TFC) was evaluated ac-

cording to ab modifi ed method described byb Park etb al. 
[1997]. An aliquot ofb0.5bmL ofb thebnative or digested BJ 
was added to 0.1bmL ofb 10% Al(NO3)3, 0.1bmL ofb 1bM 
CH3COOK, andb3.8bmL ofbethanol. After incubation at am-
bient temperature for 40bmin, thebabsorbance was measured 
at 415bnm. Quercetin was used as ab standard inb theb linear 
range ofb5–80bμg/mL (R2=0.9972) andbthebresults were ex-
pressed as μg quercetin equivalents (QE) per g ofbdw ofbsam-
ple (μgbQE/g dw).

Spectrophotometric quantifi cation ofbbetalains
Betalains quantifi cation was performed as described 

bybStintzing etbal. [2003]. Samples ofbnative or digested BJ 
were diluted with McIlvaine buffer (pH 6.5) to obtain absorp-
tion values ofb0.9  Ab1.0bat their respective absorption max-
ima. Thebbetalain contents (BC), separately for betacyanins 
andbbetaxanthins, were calculated as follows:

BC[mg/g dw]=A × DF × MW/(ԑxlxg)

where: Abisbthebabsorption value at thebabsorption maximum 
corrected bybthebabsorption at 650bnm, DF isbthebdilution fac-
tor, l isbthebpath length (1bcm) ofbthebcuvette, andbg isbthebdry 
weight inb1bmL ofbsample. For quantifi cation ofbbetacyanins 
andbbetaxanthins, thebmolecular weights (MW) andbmolar 
extinction coeffi cients (ԑ) ofbbetacyanins (MW=550bg/mol; 
ԑ=60,000b L/(mol/cm) inbH2O; λ=536b nm) andb betaxan-
thins (MW=339b g/mol; ԑ=48,000b L/(mol/cm) inb H2O; 
λ=485bnm) were applied. All measurements were performed 
inbtriplicate.

Determination ofbantioxidant activity 
DPPH• scavenging activity 

Thebability ofbthebsample to donate an electron andbscav-
enge 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was de-
termined bybthebslightly modifi ed method ofbBrand-Williams 
etbal. [1995]. Freshly prepared 4 × 10−4bM solution ofbDPPH 
radicals was mixed with native or digested BJ inbabratio ofb2:0.5 
(v/v). Theb light absorption was measured at 517b nm after 
30-min incubation. ThebDPPH radical scavenging activity 
ofbnative or digested BJ was presented as Trolox equivalents 

(TE) inb theb linear range ofb thebstandard ofb50–500b μmol/L 
(R2=0.9985) andbexpressed as μmol TE per g dw ofbsample 
(μmol TE/g dw).

ABTS•+ scavenging activity 
Thebscavenging activity ofbthebnative or digested BJ against 

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical
action (ABTS•+) was estimated according to Re etbal. [1999]. 
Briefl y, ABTS•+ was produced byb reacting ABTS stock so-
lution (7bmM) with 2.45bmM potassium persulfate andbal-
lowing thebmixture to stand inbthebdark at room temperature 
for 14bh before use. Afterward, thebABTS•+ solution was di-
luted with ethanol to an absorbance ofb0.7±0.02bat 734bnm 
andbequilibrated at 30°C.bAfter thebaddition ofb1.0bmL ofbdi-
luted ABTS•+ solution to 0.01bmL ofbnative or digested BJ, 
thebabsorbance reading was taken at 30°C after 6bmin. Thebre-
sults were expressed as Trolox equivalent antioxidant capacity 
(TEAC, μmol TE/g dw) inb theb linear range ofb thebstandard 
ofb500–2000bμmol/L (R2=0.9966).

Ferric-reducing antioxidant power 
Thebferric-reducing antioxidant power (FRAP) assay was 

carried out according to thebprocedure ofbBenzie & Strain 
[1999] with slight modifi cation. ThebFRAP reagent was pre-
pared fresh daily andbwas warmed to 37°C prior to use. One 
hundred andbfi fty microliters ofbthebnative or digested BJ were 
allowed to react with 2850bμL ofbthebFRAP reagent at 37°C for 
4bmin. Thebabsorbance was recorded at 593bnm andbthebre-
sults were expressed as Trolox equivalents (μmol TE/g 
dw) inb theb linear range ofb theb standard ofb 50–500b μmol/L 
(R2=0.9970).

Cupric ion reducing antioxidant capacity (CUPRAC) assay 
ThebCUPRAC assay was carried out according to thebpro-

cedure ofbApak etbal. [2004]. One mL ofbCuCl2bsolution (1.0 × 
10−2bM) was mixed with 1bmL ofbneocuproine methanolic so-
lution (7.5 × 10−3bM), 1bmL NH4Ac buffer solution (pHb7.0), 
andb0.1bmL ofbthebnative or digested BJ followed bybaddition 
ofb1bmL water (total volume = 4.1bmL), andbmixed well. Ab-
sorbance against ab reagent blank was measured at 450bnm 
after 30bmin. Trolox was used as abstandard inbtheblinear range 
ofb 200–2000b μmol/L (R2=0.9929) andb theb results were ex-
pressed as μmol TE/g dw.

Acetylcholinesterase (AChE) inhibitory assay 
Thebexperimental conditions ofbthebAChE assay were based 

on thebmethod described bybLobbens etbal. [2017] with slight 
modifi cations. Thebacetylcholinesterase inhibitory assay was 
carried out inb ab 96-welled microplate. Each well contained 
30bμL ofbAChE (fi nal concentration ofb0.05bU/mL), 125bμL 
ofb1.5bmM 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB) dis-
solved inb phosphate-buffered saline (PBS) pH 7.5, 45b μL 
ofbPBS pH 7.5, andb25bμL ofbtest solution or 25bμL negative 
control (water). Abblank sample was prepared bybadding buf-
fer instead ofb enzyme. Thebmicroplate was shaken for 10b s 
andbmade to 30°C for 5bmin. Hereafter, 30b μL ofb7.5bmM 
acetylthiocholine (ATCI) dissolved inbwater were added to 
each well andb thebabsorbance was measured every 30b s for 
1bmin at 412b nm. Theb blank corrected data were plotted 
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against time andbthebreaction rate (thebslope ofbthebplot) was 
calculated. Last, thebinhibition was calculated bybcomparing 
thebreaction rate inbthebtest solution compared to thebnegative 
control. Thebexperiment was performed inbtriplicate. Thebin-
hibition express inbpercentages as follows: 

%inhibition = 100-(Slopesample/ Slopenegative control) × 100

HPLC analysis ofbphenolic acids
HPLC separation ofbthebBJ phenolic acids was performed 

on Supelco Discovery HS C18bcolumn (5bμm, 250 × 4.6bmm, 
Sigma-Aldrich, St. Louis, USA), operated at 30ºC under gra-
dient conditions with mobile phase consisting ofb2% (v/v) ace-
tic acid (solvent A) andbacetonitrile (solvent B) as reported 
bybMihaylova etbal. [2019]. Thebsamples were fi ltered thought 
0.45bμm syringe fi lter (polytetrafl uoroethylene fi lter) andb20bμL 
were injected into theb system. Theb gradient program used 
was: 0–1bmin – 95% Abandb5% B; 1–40bmin: 50% Abandb50% B; 
40–45bmin: 100% B; 46–50bmin: 95% Abandb5% B.bThebdetec-
tion ofbchlorogenic, caffeic, p-coumaric, andbsinapic acids was 
carried out at 320bnm inb theb linear range ofb10–100bμg/mL 
for all theb standards. Theb corresponding correlation coeffi -
cients were 0.9986, 0.9983, 0.9900, andb1.0000, respectively. 
Thebidentifi cation was done bybcomparing thebretention time 
ofb thebcompound andb those ofb thebcorresponding standard. 
Thebfl ow rate was 0.8bmL/min. Theb results were expressed 
inbμg/g dw.

HPLC analysis ofbsugars
Chromatographic separations andb determination ofb BJ 

sugars were performed on an Elite Chrome Hitachi HPLC 
system, coupled with abChromaster 5450brefractive index de-
tector (RID). Thebseparation was done on abShodex® Sugar 
SP0810 (7bμm , 300 × 8.0bmm, Tokyo, Japan) andbabguard 
column Shodex SP – G (5bμm, 50 × 6bmm) operating at 85°C, 
mobile phase H2O with fl ow rate 1.0bmL/min andbtheb injec-
tion volume ofb20bμL as described bybPetkova etbal. [2014]. 
Thebdetection ofbsucrose, glucose, andbfructose was performed 
inb theb linear range ofb 0.5–10bmg/mL andb theb correspond-
ing correlation coeffi cients were 0.9988, 0.9985, andb0.9995, 
respectively. Theb results were calculated as g/100b g dw, 
theb identifi cation was done bybcomparing thebretention time 
ofbthebcompound andbthose ofbthebcorresponding standard.

Statistical analysis
All tests were carried out inbtriplicate andbthebresults were 

presented as mean ± standard deviation (SD) using Micro-
soft Excel 2010.

RESULTS ANDbDISCUSSION

Analysis prior to digestion
Freshly cold pressed red beetroot juice was subjected to sev-

eral analyses prior to digestion. Thebresults for moisture con-
tent, pH, andbtitratable acidity ofbthebjuice are presented inbTa-
bleb1. These parameters provide interrelated information about 
food quality. Oxalic acid content was also determined, because 
beetroot was considered as naturally rich inboxalic acid – 400–
–600bmg/100bg fresh weight (fw) [Duke, 2000]. This compound 

isbabstrong metal ion chelator leading however to thebformation 
ofbkidney stones [Holmes & Assimos, 2004]. Inbour study, ox-
alic acid concentration was 224.8bmg/g dw ofbBJ.

To red beetroots are attributed numerous health benefi ts, 
associated to their wide-ranging array ofbbioactive molecules. 
Thebpresence ofbphytochemicals has most often been explored. 
Although recommendations for thebdaily intake ofbphenolics 
andbother antioxidants have not yet been well defi ned, itbisbcon-
sidered that their consumption isbbenefi cial for human health 
[Karam etbal., 2018; Mihaylova etbal., 2018]. ThebBJ tested inbthis 
study showed absignifi cant TPC – 30.81bmg GAE/g dw (Ta-
bleb1). Vasconcellos etbal. [2016] obtained 3.67bmg GAE/g dw, 
which isbapproximately 8btimes lower than reported here. In 
other studies, TPC inbBJ was reported to beb0.52bmg GAE/mL
[Porto etbal., 2017] andb0.98bmg GAE/mL [Wootton-Beard & 
Ryan, 2011], which isbrespectively 4bandb2btimes lower com-
pared to our results (data not shown).

Flavonoids, which are part ofb theb phenolic compound 
family, have an important contribution to theb overall anti-
oxidant activity ofbabgiven simple. That isbwhy their content 
isbalso evaluated. Inbthebpresent study, signifi cantly lower TFC 
ofbBJ was measured, i.e. 6.72bμg QE/g dw (Tableb1). Inbother 
studies, 83.34bmg QE/g andb 0.42bmg QE/g total fl avonoid 
contents ofbfresh beetroot juice were reported [da Silva etbal., 
2016; Olumese & Oboh, 2016]. This difference isblikely due to 
thebvarious origins ofbthebbeetroot material, including thebvar-
ious climatic andbagricultural growth conditions. 

Many fruits andb vegetables have been reported to pos-
sess acetylcholinesterase inhibitory activity, making them 
useful for consumption bybAlzheimer’s patients [Szwajgier 
& Borowiec, 2012]. Inbthebaccessible literature there isbablack 
ofb information about theb presence or not ofb this activity 
inbbeetroot. Solely, Murthy & Manchali [2013] stated inbtheir 
review that red beetroot possesses anti-acetylcholinesterase 
activity. Inbour study no inhibition inb thebbeetroot juice was 
detected. 

TABLE 1. Chemical composition, pH value, andbtotal titratable acidity 
ofbbeetroot juice prior to digestion.

Parameter Value

Moisture(g/100bmL) 92.86±0.12

pH 6.35±0.01

Total titratable acidity (g/100bmL) 0.24±0.03

Oxalic acid (mg/g dw) 224.8±1.2

TPC (mg GAE/g dw) 30.81±2.96

TFC (μg QE/g dw) 6.72±0.16

Betacyanins (mg/g dw) 2.81±0.10

Betaxanthins (mg/g dw 1.27±0.00

Sucrose (g/100bg dw) 7.20±0.15

Glucose (g/100bg dw) 3.14±0.22

Fructose (g/100bg dw) 4.06±0.25

TPC, total phenolics content; TFC, total fl avonoids content; GAE, gallic 
acid equivalent; QE, quercetin equivalent.
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Theb antioxidant capacity ofb BJ isb strongly linked to 
thebcontent ofbred pigments. Based on their results, Czapski 
etbal. [2009] considered that primarily betalains as respon-
sible for theb antioxidant capacity ofb red beets, therefore, 
they are probably theb most studied beetroot phytochemi-
cals. Inbthis study, contents ofbbetacyanins andbbetaxanthins 
were determined spectrophotometrically (Tableb 1). Content 
ofbbetacyanins, thebred pigments, was 2.2b times higher than 
that ofbbetaxanthins, thebyellow pigments, resulting to abra-
tio ofb1:0.45. Thebbetalain content isbthought to bebinfl uenced 
bybmany factors, such as thebsize ofbroots, cultivar, climatic 
andbagricultural conditions [Bazaria & Kumar, 2016]. More-
over, thebextraction method isbcritical for their determination. 
Carrillo etbal. [2017] demonstrated that betalains seemed to 
beblargely responsible for thebtotal antioxidant capacity found 
inbthebinsoluble fraction, which could explain theblower values 
inbthis study. Kujala etbal. [2002] reported slightly higher pig-
ment contents inbfl esh ofbdifferent red beet cultivars (4.4b to 
9.2bmg/g dw) that are still comparable to thebbetalains content 
reported inbour study (4.08bmg/g dw). 

Beetroot has relatively sweet taste, so thebdetermination 
ofb its sugars content isbofbparticular interest. Inb this regard, 
contents ofb individual sugars (sucrose, glucose, andb fruc-
tose) ofbBJ were evaluated andbdata are presented inbTableb1. 
Although red beetroot isbpoorer inb sugars than sugar beet, 
sucrose isbstill thebmain sugar followed bybglucose andbfruc-
tose [Bavec etbal., 2010]. ThebBJ sucrose content found inbthis 
study was 7.20bg/100bg dw, which isbinbagreement with abprevi-
ous study reported bybWruss etbal. [2015]. Thebsame author 
however indicated much lower glucose andbfructose content 
(0.41% inbtotal) than these cited here (3.14bandb4.06bg/100bg 
dw, respectively).

Theb antioxidant activity ofb plant materials isb related to 
their natural self-defense mechanisms. Different inbvitro meth-
ods are used inborder to evaluate thebstrength ofbthis activity. 
They are designed to imitate thebantioxidant action that phy-
tochemicals exercise inbvivo. Thebmost commonly used assays 
for thebreducing potential evaluation are FRAP andbCUPRAC 
while thebanti-radical scavenging activity isb studied accord-
ing to DPPH andbABTS assays [Haida & Hakiman, 2019]. 
Red beet belongs to thebgroup ofb10bvegetables ofbthebhighest 
antioxidant potential [Wettasinghe etbal., 2002]. Theb results 

ofbthebantioxidant potential assay ofbred beetroot juice are pre-
sented inbTableb2. Granato etbal. [2015] reported 6363bμmol 
TE/L according to DPPH assay which isb0.64b times higher 
than that obtained inb this study (4048±120b μmol TE/L). 
Theb same author reported average activity towards CU-
PRAC ofb17664bμmol TE/L, which isbcomparable to our re-
sult bybthebsame method (data not shown). Thebantioxidant 
potential ofb theb juice toward thebABTS•+ was evaluated to 
beb 97.04b μmol TE/g dw. Theb reducing potential according 
to FRAP assay was measured to beb184.74b μmol TE/g dw 
compared to Ou etbal. [2002] that reported values from 12bto 
120bμmol TE/g dw ofbbeetroots ofbdifferent varieties.

Inbvitro gastrointestinal digestion ofbbeetroot juice
Once entered into abhuman body food isbsubjected to di-

gestion. This isbabcomplex, multistage process that has its gen-
eral rules but remains specifi c to each individual. That isbwhy 
itbisbnot easy to imitate digestion entirely inbablaboratory set-
ting; however, efforts are being made to determine thebcondi-
tions closest to thebhuman body [Minekus etbal., 2014]. Al-
though this process begins inbthebhuman mouth, inbour study 
this step isbomitted because ofbthebliquid form ofbthebsample, 
which isbusually not chewed andbpasses directly into thebstom-
ach andb small intestines afterwards. Food bio accessibility 

TABLE 2. Antioxidant andbacetylcholinesterase (AchE) inhibitory activi-
ties ofbbeetroot juice.

Activity Value

DPPH• scavenging activity 
(μmol TE/g dw) 56.71±1.66

ABTS•+ scavenging activity 
(μmol TE/g dw) 97.04±1.35

FRAP (μmol TE/g dw) 184.74±2.62

CUPRAC (μmol TE/g dw) 222.84±2.35

AChE inhibitory activity (%) n.d.

DPPH•, 2,2-diphenyl-1-picrylhydrazyl radical, ABTS•+, 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) radical action; FRAP, ferric-reduc-
ing antioxidant power; CUPRAC, cupric ion reducing antioxidant capac-
ity; TE, Trolox equivalent, n.d., not detected.
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FIGURE 1. Recovery ofbtotal phenolics content (TPC), total fl avonoids 
content (TFC), andbcontents ofbbetaxanthins andbbetacyanins after inbvi-
tro simulated gastrointestinal digestion (SGD) ofbred beetroot juice.
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FIGURE 2. Recovery ofbantioxidant activity after inbvitro simulating gas-
trointestinal digestion (SGD) ofbred beetroot juice. 
n.d., not detected; FRAP, ferric-reducing antioxidant power; CUPRAC, 
cupric ion reducing antioxidant capacity; ABTS – 2,2’-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid) radical cation; DPPH – (2,2-diphenyl-
1-picryl-hydrazyl-hydrate) free radical.
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(thebamount ofbreleased soluble food components which are 
ready for intestinal absorption) isbamong thebmost important 
factors determining theb bioavailability [Parada & Aguilera, 
2007].

Digestion ofb phytochemicals isb ab complex process, 
andbtheir bioaccessibility depends on both thebcharacteristics 
ofbthebfood matrix andbthebphysiological conditions through-
out theb digestion [Alminger etb al., 2014]. Since phenolic 
phytochemicals are very different inbtheir chemical structure 
andb properties, this leads to their different bioaccessibil-
ity. Inb theb present study, theb bioaccessibility was evaluated 
bybdetermining the total phenolic andbfl avonoid contents, be-
taxanthin andbbetacyanin contents as well as theb remaining 
antioxidant activity after digestion ofbBJ.bFigureb1bpresents 
thebdata for thebrecovery ofbcontents ofbtotal phenolics, total 
fl avonoids, andbbetalains after SGD.bLoss ofb72.93% ofb to-
tal phenolics andb 63.63% ofb total fl avonoids was reported. 
Much lower recovery was claimed bybGuldiken etbal. [2016], 
only 5.0% for TPC andb10.0% for TFC.bSignifi cant reduction 
ofbTPC was also reported bybBouayed etbal. [2011] andbPa-
van etbal. [2014] inb thebanalysis ofbdifferent apple varieties 
andb araticum andbpapaya extracts submitted to SGD.bFla-
vonoids loss during digestion ofb red chiltepin was estab-
lished bybOvando-Martinez etbal. [2018]. Thebsame negative 
tendency was observed for betalains bioaccessibility. While 
nearly 27% ofbbetaxanthins were present after thebsimulated 
digestion, almost all betacyanins (96.07%) have been lost. 
Our results are inbagreement with thebfi ndings ofbSawicki etbal. 
[2019], who also noticed betalain content reduction during 
thebinbvitro digestion. Betalains are very sensitive compounds 
that are degraded byb high temperature, oxygen, light, pH 
changes, andbenzyme activity [Ravichandran etbal., 2013]. Al-
though, both betacyanins andbbetaxanthins have abbroad pH 
stability inbthebpH range ofb3.0–7.0, abloss ofbtheir content af-
ter digestion isbreported [Tesoriere etbal., 2008] probably due 
to isomerization, decarboxylation, and/or cleavage that may 
occur [Stitzing & Carle, 2004]. 

Figureb2bpresents thebdata for antioxidant activity recov-
ery after inbvitro SGD.bThebresulted antioxidant activity ofbdi-
gested juice varied across thebfour methods. No activity was 
detected according to theb ABTS assay while full recovery 
was measured bybthebDPPH assay. Following thebCUPRAC 
andbFRAP, approximately half ofbthebinitial activity remained 
after digestion. Guldiken etbal. [2016] also reported varied re-
sults about thebantioxidant activity ofbdigested red beetroot 
juice. They claimed no remaining activity based on thebDPPH 

assay, with 0.4%, 8%, andb24% recovery determined with CU-
PRAC, FRAP, andbABTS assays, respectively. Although all 
four are electron transfer-based assays [Apak etb al., 2007], 
some factors like: radical formation andb stability, sample 
solubility inbreaction media, affi nity against thebsample com-
ponents etc., could make thebdifference inbthebresults. Inbad-
dition, itbshould bebtaken into account that despite thebboth 
radicals are synthetic; thebreaction temperature andblight con-
ditions are completely different. DPPH radical isb stabilized 
bybitself, while ABTS cation radical has to bebformed initially. 
During digestion, many reactions occurs leading to thebinac-
tivation ofbsome active molecules or liberation ofbothers from 
thebmatrix [Pavan etb al., 2014]. Theb presence ofb bile acids 
should also bebtaken into account. That isbwhy variations are 
expected inbthebremaining antioxidant activity. 

ThebHPLC analysis ofbphenolic acids ofbnative red beet-
root juice revealed theb presence ofb chlorogenic, caffeic, p-
coumaric, andb sinapic acids at contents ofb 16.99, 22.21, 
52.69, andb19.86bμg/g dw, respectively (Tableb3). Caffeic and 
p-coumaric acids were no longer detected after thebdigestion 
process. Interestingly, 2.5btimes higher concentration ofbchlo-
rogenic acid was measured inb thebdigested sample. Sinapic 
acid’s bioaccessibility remained at 16.15bμg/g dw, which rep-
resented 81% recovery. 

Various research papers reported changes inbthebphenolic 
acids content after thebdigestion process. Loss inbthebsinapic 
acid ofbH. cannabinus L. was reported bybWong etbal. [2014]. 
Decrease ofbchlorogenic acid content after SGD ofbvarious 
fruits was previously claimed as well [Bouayed etbal., 2012], 
however reports on thebstability ofbthis acid during digestion 
also exist [Correa-Betanzo etbal., 2014]. Moreover, Bermúdez-
-Soto etbal. [2007] also reported 28% increase ofbchlorogenic 
acid content after digestion ofbchokeberry (Aronia melanocar-
pa) probably due to isomerisation reactions ofbneochlorogen-
ic acid, whereas Ovando-Martínez etbal. [2018] reported low 
bioaccessibility values ofbcaffeic andbp-coumaric acids inbred 
chiltepin attributed to thebgastrointestinal conditions. There-
fore, further investigations on interactions between food com-
ponents during digestion are needed. 

CONCLUSIONS

Beta vulgaris (red beetroot) isbconsumed worldwide due 
to its high nutritive andbmedicinal values. Many studies have 
been focused on pre-treated beet products but data on thebbio-
availability ofb fresh juice phytochemicals are still limited. 
Inbthis regard, inbthebpresent study thebphytochemicals con-
tent andbthebantioxidant activity ofbfreshly prepared beetroot 
juice were evaluated. Itbwas demonstrated that this vegetable 
juice could bebassumed as abvaluable source ofbbiologically 
active compounds such as phenolics (including fl avonoids 
andbphenolic acids) andbbetalains. Furthermore, thebbioac-
cessibility ofb theb phytochemicals was determined to assess 
theb potential benefi ts ofb juice consumption. Inb conclusion, 
thebSGD process resulted inblower recovery ofbtotal phenolics, 
total fl avonoids, andbbetalains. Thebremaining antioxidant ac-
tivity measured bybfour inbvitro methods was variable. Diges-
tion process led to abhigher content ofbchlorogenic acid but 
decreased concentrations ofbcaffeic, p-coumaric, andbsinapic 

TABLE 3. Contents ofbindividual phenolic acids inbbeetroot juice before 
andbafter simulated gastrointestinal digestion (SGD) (μg/g dw). 

Phenolic acid Before SGD After SGD

Chlorogenic acid 16.99±0.55 42.42±1.02

Caffeic acid 22.21±0.75 n.d.

p-Coumaric acid 52.69±0.98 n.d.

Sinapic acid 19.86±0.80 16.15±0.77

dw – dry weight, n.d. – not detected.
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acids. Inbthis regards, further studies on different component 
interactions during digestion process are needed inborder to 
better understand thebpotential health benefi ts ofbfood.
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INTRODUCTION

Red beetroot (Beta vulgaris L. subsp. vulgaris) isbabgreat 
source ofb minerals (such as manganese, iron, potassium, 
magnesium, andbcobalt), vitamins B andbC as well as abnum-
ber ofbbioactive substances such as polyphenols, carotenoids, 
nitrate, andb betalains. Due to theb high contents ofb these 
phytochemicals, beetroot isbinbthebtop ofbten vegetables with 
thebmost powerful antioxidant infl uence [Carrillo etbal., 2017; 
Raikos etbal., 2016]. Additionally, these features may deter-
mine thebother biological aspects ofb beetroots. Itbhas been 
suggested that red beet has anti-neurodegenerative, antitu-
mor, anti-infl ammatory, antibacterial, antiviral, cardioprotec-
tive, andblipid peroxidation inhibitory activities [Clifford etbal., 
2015]. For these reasons, consuming red beetroot might have 
benefi cial effects on human andbanimal organisms. 

Beetroot isbeaten fresh andbafter cooking. Inbaddition, this 
raw material isbused inbthebprocessing industry for thebproduc-
tion ofbdrinking andbconcentrated juices, frozen foods, dried 
fruit, lyophilizate, andbfor thebproduction ofbnatural red dyes 
[Chhikara etbal., 2019]. One ofb theb technological processes 
used inb theb food industry isb fermentation, which involves 

* Corresponding Author: Tel.: +48 89 523 46 31; 
E-mail: n.platosz@pan.olsztyn.pl (N.bPłatosz)

thebuse ofbtransformations occurring under thebinfl uence ofben-
zymes produced bybyeast andbbacteria. During thebfermenta-
tion process, inbaddition to basic end products, additional nu-
trients are produced andbtoxins removed. What isbmore, lactic 
acid bacteria found inball non-heat treated fermented foods 
have abpositive effect on digestive health [Hasan etbal., 2014]. 
Itb isbso important, therefore, to determine to what extent an 
applied technological process affects thebprofi le andbcontent 
ofbbiologically active compounds ofbvegetables andbfruits. 

Phenolics compounds, which include fl avonoids andbphe-
nolic acids, are very important secondary metabolites 
ofbplants andbhave highly varied structures andbproperties. 
Inbaddition, numerous studies point to their strong antioxi-
dant activities [Saxena etb al., 2012]. Moreover, long-term 
consumption ofbdiets rich inbbiologically active polyphenols 
provides protection against thebdevelopment andbprogression 
ofblifestyle diseases such as cardio- andbcerebrovascular dis-
eases, cancer, diabetes or neurodegenerative diseases [Pandey 
& Rizvi, 2009]. Previous studies have indicated thebabsorp-
tion ofbphenolic acids andbfl avonoids bybanimal andbhuman 
organisms andbtheboccurrence ofbnative andbconjugated forms 
inbtheir body fl uids [Wiczkowski etbal., 2008]. Itbshould bebnot-
ed, however, that thebconsumption ofbbioactive foods isbnot 
synonymous with good bioavailability andb theb potentially 
protective effect on thebhuman body. To verify whether bioac-
tive compounds can have abpositive effect on thebhuman body, 

Profi le ofbPhenolic Acids andbFlavonoids ofbRed Beet andbIts Fermentation Products. Does Long-Term 
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Thebaim ofbthis study was to determine thebprofi le ofbphenolic acids andbfl avonoids inbred beetroot products andbthese compounds fate inbthebhu-
man body after long-term exposure to fermented red beet juice. Phenolic acids andbfl avonoids were analyzed bybHPLC-MS/MS.bThebperformed 
analysis revealed that beetroot andbits products were thebnotable sources ofbphenolic acids andbfl avonoids, with isoferulic acid, protocatechuic acid, 
epicatechin, andbapigenin predominating among thebtwenty compounds detected. However, thebcompounds analyzed appeared mainly inbthebbound 
form inbthebfresh material. Thebresults obtained indicate that thebfermentation process caused an increase inbthebcontent ofbfree phenolic acids andbre-
duced thebcontent ofbconjugated phenolic acids. Contrarily to phenolic acids, thebsame process caused abreduction inbthebcontent ofbfree fl avonoids 
andban increase in thebcontent ofbconjugated fl avonoids. Moreover, theb14-day spontaneous fermentation process resulted inbabsignifi cant reduction 
(byb45.18%) inb theb total content ofbphenolics (phenolic acids andbfl avonoids). However, itbwas observed that forty-two days ofb theb regular intake 
ofbthebfermented beetroot juice (200bmL/60bkg body weight) generally did not affect concentrations ofbphenolic acids andbfl avonoids inbthebvolunteers’ 
body fl uids compared to their concentrations inbfl uids before fermented beetroot juice consumption.
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at fi rst should bebdetermined thebbioavailability andbstructure 
ofbthebcompounds that occur inbthebbody fl uids after thebcon-
sumption ofb foods rich inbbioactive substances [Rein etbal., 
2013]. Inb this context, thebaim ofb this study was to analyze 
thebprofi le andbcontent ofbred beetroot phenolics (phenolics 
acids andbfl avonoids) inbred beetroot products (fresh roots, 
fermented roots, andb commercial fermented red beet juice) 
andbwhether theb long-term andb regular consumption ofb red 
beetroot affects theb profi le andb concentration ofb phenolics 
inbblood plasma andburine ofbvolunteers.

MATERIALS ANDbMETHODS

Chemicals andbreagents
Water, methanol, acetonitrile, formic acid, andb diethyl 

ether were purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). Protocatechuic acid, m-hydroxybenzoic acid, 
chlorogenic acid, caffeic acid, syringic acid, sinapic acid, fe-
rulic acid, isoferulic acid, p-coumaric acid, p-hydroxybenzoic 
acid, 3,4-dihydroxyphenylacetic acid, trans-cinnamic acid, vi-
texin, rutin, epicatechin, luteolin, quercetin, apigenin, kaemp-
ferol, andborientin were purchased from Sigma Chemical Co. 
(St. Louis, MO, USA) andbExtrasynthese (Genay, France).

Research materials andbprocesses
Healthy red beetroots (3bkg), with no signs ofbmechani-

cal damage, were acquired from theb local market inbOlsztyn 
(Poland). Next, theb roots were cleaned, mixed, andbdivided 
into two groups: fresh roots andb roots for theb fermentation 
process. Commercially fermented red beetroot juice was ob-
tained from Zakład Przetwó rstwa Owocowo-Warzywnego 
VITAPOL Sp. J.bM. T.bCiszkiewicz, Podkowa Leśna, Poland 
(Eng. Fruit andb Vegetable Processing Plant VITAPOL Sp. 
J.bM. T.bCiszkiewicz).

Fresh roots
Theb red beetroots assigned to theb fresh group (1.5b kg) 

were cut into four parts, then two opposite quarters were fro-
zen at -80°C, lyophilized, pulverized, andbstored at -80°C until 
analysis ofbthebprofi le andbcontent ofbphenolic acids andbfl a-
vonoids.

Fermentation process
Thebspontaneous fermentation process was conducted ac-

cording to thebmethod described bybSawicki & Wiczkowski 
[2018]. Briefl y, thebwhole roots (1.5bkg) were cut into 2–3bmm 
thick slices. Then, theb root slices were placed inb ab stone-
ware dish andb submerged inbabproperly prepared marinade 
(1.5bL water, 12bg salt, andb12bg sugar). Thebmaterials ob-
tained were thoroughly mixed, andbthree independent fermen-
tations were started. Thebprocess was carried out over two 
weeks inb theb dark at ab constant temperature ofb 23°C until 
thebpH stabilized. ThebpH was measured once abday using 
abpH-meter PHM85 (Radiometer, Copenhagen, Denmark), 
andbthebpH values obtained, ranging from 7.02±0.02 (fresh 
juice) to 3.63±0.012 (after ab14-day fermentation process), 
clearly showed that thebprocess was conducted properly. Af-
ter 14b days, theb spontaneous fermentation process ended, 
andbthebfermented red beetroots (200bg) were collected from 

each stoneware pot andbfrozen. Next, thebroots were lyophi-
lized, pulverized, andbstored at -80°C until analysis.

Subjects andbstudy design
Samples ofbblood plasma andburine were obtained from 

volunteers who participated inbab42-day non-clinical medical 
study with an experimental diet. Thebstudy was led inbaccor-
dance with thebethical principles ofb thebDeclaration ofbHel-
sinki, andbthebstudy protocol was accepted bybthebBioethical 
Committee at thebFaculty ofbMedical Science ofbthebUniver-
sity ofbWarmia andbMazury inbOlsztyn (Poland, No. 7/2015). 
All volunteers were fully informed about thebstudy andbsigned 
an informed consent form. Moreover, thebstudy was carried 
out inb thebNZOZ Atarax Clinic inbOlsztyn, Poland under 
medical supervision.

Men (5) andbwomen (19) between 24bandb40byears ofbage 
participated inb theb experiment. Inclusion criteria were as fol-
lows: they had to bebcertifi ed healthy at abmedical interview, have 
abbody mass index (BMI) under 30, andbhave no gastrointes-
tinal disturbances, including gastric andbduodenal ulcers; they 
could not participate inbother clinical trials within 90bdays prior 
to thebsurvey, take drugs, abuse alcohol, bebpregnant andbbreast-
-feeding, or take any medications or vitamin supplements.

During theb7bdays before starting thebexperimental diet, 
thebvolunteers followed their everyday diet while excluding all 
products obtained from red beet (red beets, strawberry yo-
gurt, strawberry ice cream, fruit juice, wine, andbother prod-
ucts containing E162bdye) to eliminate thebmain compounds 
within their systems originating from this vegetable. Then, for 
42bdays, once abday, directly after breakfast, theb volunteers 
drunk abdose ofbthebfermented beetroot juice (200bmL/60bkg 
body weight). All volunteers included inb theb study visited 
NZOZ Atarax every 7bdays to have their health status evalu-
ated andbto receive thebjuice ofbfermented beetroot for thebnext 
7bdays. Under fasting conditions, before consumption (sample 
zero) andbafter 7, 21, andb42bdays ofbdaily consumption ofbfer-
mented beet juice, elbow or forearm vein blood samples were 
taken inbheparinized vacutainers, andbthebblood obtained was 
centrifuged (500× g, 15bmin, 1000× g, 10bmin, 4°C, MPW-351R 
Centrifuge, MPW-Med. Instruments, Warsaw, Poland). In 
addition, according to thebabove sampling scheme (0, 7, 21, 
andb42bdays), urine samples were collected from thebvolun-
teers. Thereafter, theb separated plasma andb collected urine 
were frozen andbstored at -80°C until analysis.

Extraction ofbfree forms ofbphenolic acids andbfl avonoids
Thebprofi le andbcontent ofbphenolic acids andbfl avonoids 

were analyzed according to thebmethod described bybWicz-
kowski etbal. [2016], with some modifi cations. Extracts from 
fresh andb fermented red beetroots were prepared. About 
0.15bg ofbeach solid sample were extracted with 1bmL ofbabmix-
ture ofbmethanol/water/formic acid (80/19.9/0.1; v/v/v) bybstir-
ring overnight (about 24bh) at 10°C using abThermoMixer 
(Benchmark Scientifi c, Saryeville, NJ, USA). Theb solutions 
were centrifuged (13,200 × g, 20bmin, 4°C, Centrifuge 5415R, 
Eppendorf, Hamburg, Germany) andb theb supernatants 
were combined into 1-mL volumetric fl ask. Thebvolume was 
brought up to 1bmL with distilled water. Thebobtained extracts 
were stored at -80°C until analysis.



N.bPłatosz etbal. 57

For HPLC-MS/MS analysis, extracts from fresh andbfer-
mented red roots as well as fermented red beetroot juices, 
blood plasma andburine were prepared according to thebfol-
lowing procedure: samples ofbfresh (100bμL), fermented red 
roots (100bμL), commercial fermented juice (100bμL), blood 
plasma (200b μL), andb urine (100b μL) were transferred to 
15-mL glass test-tubes andbnext evaporated to dryness un-
der abnitrogen atmosphere at 30ºC.bThebsediments obtained 
were dissolved inb400bμL ofbdistilled water, acidifi ed to pH 2, 
were extracted bybvortexing (60bs) andbsonication (60bs). Next, 
thebfree forms ofbphenolic acids andbfl avonoids were extract-
ed three times with 2bmL ofbdiethyl ether bybvortexing (60bs) 
andbsonication (60bs) (VC 750, Sonics & Materials Inc., New-
town, CT, USA). After centrifugation for 10bmin (3,000× g, 
4°C, Centrifuge, Beckman, Indianapolis, IN, USA) thebsepa-
rated ether layer was collected andbevaporated to dryness with 
abstream ofbnitrogen at 30°C.bThebextraction procedure with 
diethyl ether was repeated three times andb theborganic lay-
ers were combined. Thebdried samples were stored at -80°C 
until analysis. Theb remaining aqueous extracts were left for 
about 10bmin under nitrogen to remove residual diethyl ether 
andbthen stored inbsealed test tubes at 4°C until thebextraction 
ofbphenolic acids andbfl avonoids released from soluble esters. 

Extraction ofb phenolic acids andb fl avonoids releas ed 
from soluble esters 

Next, 1bmL ofb4bM NaOH was added to thebaqueous ex-
tracts remaining from thebextraction ofbfree forms ofbphenolic 
acids andbfl avonoids. Thebmixture was placed inbabnitrogen 
atmosphere andbhydrolyzed for 4bh at room temperature us-
ing abmagnetic stirrer. Theb solutions were then adjusted to 
pH 2bwith 6bM HCl. Liberated phenolic acids andbfl avonoids 
were extracted three times with 2bmL ofbdiethyl ether bybvor-
texing (60b s) andb sonication (60b s), andb then centrifuged 
(3,000× g at 4°C, 10bmin). Theborganic layers were collected, 
combined, andbevaporated to dryness with abstream ofbnitro-
gen at 30°C.bTheb remaining aqueous extracts were left for 
about 10bmin under nitrogen to remove residual diethyl ether 
andbthen were stored inbclosed tubes at 4°C until thebextrac-
tion ofbphenolic acids andbfl avonoids released from soluble 
glycosides.

Extraction ofb phenolic acids andb fl avonoids released 
from soluble glycosides

After alka line hydrolysis, acid hydrolysis was performed 
bybadding 0.2bmL ofb6bM HCl into thebtest tube andbincuba-
tion inbabHeat Block (Benchmark Scientifi c, Saryeville, NJ, 
USA) at 100°C for 60bmin. Next, theb samples were cooled, 
adjusted to pH 2bwith 8bM NaOH, andbhandled inbthebsame 
manner as after alkaline hydrolysis. 

Chromatographic analysis
Theb dry residues containing free phenolic compounds, 

as well as thebcompounds released from ester andbglycosidic 
bonds (fresh andb fermented red roots, commercial ferment-
ed juice, blood plasma, andburine) were dissolved inb100bμL 
ofb 80% (v/v) methanol containing 0.95% (v/v) formic acid, 
centrifuged (13,200× g at 4°C, 20bmin), andbanalyzed bybus-
ing theb HPLC system (LC-200, Eksigent, Vanghan, ON, 

Canada) coupled with abmass spectrometer (QTRAP 5500, 
AB Sciex, Vaughan, ON, Canada) consisting ofbabtriple quad-
rupole, ion trap, andb ion source ofb electrospray ionization 
(ESI). Thebchromatographic separation was conducted with 
an HALO C18bcolumn (50bmm × 0.5bmm × 2.7bμm, Eksigent, 
Vaughan, ON, Canada) at 45°C, at thebfl ow rate ofb15bμL/min. 
Thebelution was conducted using absolvent gradient system 
consisting ofbsolvent Ab(0.9% (v/v) formic acid aqueous so-
lution) andb solvent B (0.9% (v/v) formic acid acetonitrile 
solution). Theb gradient used was as follows: 0.5% B for 
0.5bmin, 0.5–90% B inb1.5bmin, 90% B for 0.5bmin, 90–0.5% 
Bbinb0.2bmin, andb0.5% B for 0.3bmin. An optimal identifi cation 
ofb thebanalyzed phenolic acids andbfl avonoids was achieved 

TABLEb1. Phenolic acids andbfl avonoids identifi ed inbfresh andbfermented 
beetroot, commercial  fermented red beet juice, as well as inbblood plasma 
andburine ofbthebvolunteers.

No Compounds Rt 
(min)

[M]- 
(m/z)

MS/MS 
(m/z) Sample

Phenolic acids

1 Protocatechuic acid 0.94 153 91/81 B, F, J, 
P, U

2 m-Hydroxybenzoic acid 0.99 137 93/65 B, F, J, 
P, U

3 Chlorogenic acid 1.00 353 191/179 B, F, J, 
P, U

4 Caffeic acid 1.04 179 135/107 B, F, J, 
P, U

5 Syringic acid 1.06 197 182/153 B, F, J, 
P, U

6 Sinapi c acid 1.13 223 208/179/164 B, F, J, 
P, U

7 Ferulic acid 1.15 193 178/134 B, F, J, 
P, U

8 Isoferulic acid 1.20 193 178/134 B, F, J,

9 p-Coumaric acid 1.22 163 119/93 B, F, J, 
P, U

10 p-Hydroxybenzoic acid 1.28 137 98/93 B, F, J, 
P, U

11 3,4-Dihydroxyphenylacetic 
acid 1.30 169 125/109/95 B, F, J, 

P, U

12 trans-Cinnamic acid 1.35 147 119/109/103 B, F, J, 
P, U

Flavonoids

13 Vitexin 1.00 431 323/311/283 B, F, J

14 Rutin 1.02 609 463/301 B, F, J

15 Epicatechin 1.04 289 245/203/109 B, F, J, 
P, U

16 Luteolin 1.26 285 151/133 B, F, J, 
P, U

17 Quercetin 1.27 301 179/151 B, F, J, 
P, Ub

18 Apigenin 1.33 269 225/151/117 B, F, J, 
P, U

19 Kaempferol 1.35 285 185/93 B, F, J, 
P, U

20 Orientin 1.95 447 357/339/296 B, F, J

Rt – retention time; B – fresh beetroot; F – fermented beetroot; J – com-
mercial fermented red beet juice; P – blood plasma; Ub– urine.
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under thebfollowing ESI-MS/MS conditions: negative ioniza-
tion, curtain gas: 20bL/min, collision gas: ion spray voltage: 
5300bV, temperature: 350°C, 1bion source gas: 35bL/min, 2bion 
source gas: 30bL/min, declastering potential: 100bV, entrance 
potential: 10bV, collision energy: 40beV, andbcollision cell exit 
potential: 20bV.b Identifi cation andb quantitation ofb theb phe-
nolic acids andb fl avonoids were based on theb comparison 
ofb their retention times andb theb presence ofb theb respective 
parent andbdaughter ion pairs (Multiple Reaction Monitoring 
method, MRM) (Tableb1) with data obtained after analysis 
ofb theb authentic standards. Theb external standards (0.01–
–0.5bμg/mL) had linear calibration curves with abcoeffi cient 
ofbdetermination ofb0.997–0.999. Theb concentrations ofb in-
dividual phenolics were expressed as concentrations ofbtheir 
free andbconjugated forms (absum ofbphenolics released from 
ester andbglycosidic bonds) ofbphenolic acids or fl avonoids. 
Thebresults were expressed inbμg/g dry matter (dm) ofbfresh 
andb fermented red beetroot, andb inb μg/mL ofb red beetroot 
juice, blood plasma, andburine. All analyses were performed 
inbtriplicate for each sample.

Statistical analyses
Thebdata are presented as thebmean±thebstandard devia-

tion (SD). Statistical differences among theb samples were 
tested using one-way ANOVA with thebTukey’s test. Differ-
ences were considered signifi cant at P<0.05. Thebstatistical 
analysis was performed using theb Statistica software (Stat 
Soft, Tulsa, OK, USA).

RESULTS ANDbDISCUSSION 

Profi le andb content ofb phenolic acids andb fl avonoids 
inbred beet products

Inb theb fresh andb fermented red beetroots as well as 
inbthebcommercial fermented red beet juices, twelve phenolic 
acids were found (Tableb1). Four ofb theb identifi ed phenolic 
acids were hydroxybenzoic acid derivatives (protocatechuic, 
m-hydroxybenzoic, syringic, andb p-hydroxybenzoic acids), 
while seven phenolic acids belonged to thebhydroxycinnamic 
acid derivative classifi cation (chlorogenic, caffeic, sinapic, 
ferulic, isoferulic, p-coumaric, andb trans-cinnamic acids), 
andb one phenylacetic acid derivative (3,4-dihydroxyphenyl-
acetic acid) was detected as well. Previously published data 
have also shown thebpresence ofbderivatives ofbhydroxyben-
zoic acid (protocatechuic acid, p-hydroxybenzoic acid, syrin-
gic acid, vanillic acid) andbhydroxycinnamic acid (chlorogenic 
acid, caffeic acid, ferulic acid, coumaric acid, cinnamic acid) 
inbred beetroot products [Mattila & Hellström, 2007; Geor-
giev etbal., 2010; Ravichandran etbal., 2012; Vulić etbal., 2014; 
Ben Haj Koubaier etbal., 2014; Székely etbal., 2014; Wruss etbal., 
2015; Değirmencioğlu etbal., 2016]. To thebbest ofbour knowl-
edge, our study isbthebfi rst to show thebfull profi le ofbphenolic 
acids inbred beetroot products. Moreover, this isbthebfi rst study 
that identifi es phenylacetic acid derivative inbthese products. 

Thebmain compound among thebphenolic acids inbthebfresh 
andb fermented red beetroot analyzed was isoferulic acid 
(88.9% andb61.9% ofb theb total phenolic acids, respectively) 
(Tableb2). Furthermore, inb theb fresh roots, thebsecond most 
dominant compound was syringic acid, followed byb ferulic, 

p-coumaric, andbsinapic acids. On thebother hand, inbferment-
ed beetroot, thebsecond major compound was protocatechuic 
acid, followed byb sinapic, ferulic, caffeic, andb p-coumaric 
acids. Interestingly, inb contrast to theb fresh andb fermented 
red beetroot, thebmain compound detected inb theb commer-
cial fermented red beetroot juice was protocatechuic acid. 
Its total content was at 0.979b μg/mL (30.7% ofb theb total 
phenolic acids inbthebfermented red beetroot juice). Inbaddi-
tion, trans-cinnamic acid was thebsecond major compound, 
followed bybisoferulic, p-hydroxybenzoic, m-hydroxybenzoic, 
syringic, andb sinapic acids (Tableb 2). Interestingly, theb re-
sults we obtained are signifi cantly different from those avail-
able inbthebliterature. Thebavailable data show that thebmajor 
phenolic acids inb solid red beetroot were p-hydroxybenzoic 
acid [Ravichandran etbal., 2012], caffeic acid [Georgiev etbal., 
2010], andbvanillic acid [Ben Haj Koubaier etbal., 2014]. On 
theb other hand, inb liquid red beet products, theb dominant 
compound was gallic acid (fresh juice) [Wruss etbal., 2015], 
while inbfermented juice, thebmain detected acid was vanillic 
acid [Değirmencioğlu etbal., 2016]. 

Theb results ofb theb study showed that theb fermenta-
tion process resulted inbab change inbphenolic acid content. 
Inb our research, contents ofb theb hydroxybenzoic acid de-
rivatives (protocatechuic, m-hydroxybenzoic, syringic, 
andb p-hydroxybenzoic acids) andb hydroxycinnamic acid 
derivatives (chlorogenic, caffeic, sinapic, ferulic, isoferulic, 
p-coumaric, andbtrans-cinnamic acids) inbthebfresh roots were 
at 1.55±0.00bμg/g dm andb30.66±0.00bμg/g dm, respectively. 
However, thebcontent ofbthebdetected phenylacetic acid deriva-
tive (3,4-dihydroxyphenylacetic acid) inbfresh roots approxi-
mated theblimit ofbdetection. As inbthebcase ofbfresh beetroot, 
inb fermented red beetroot, theb content ofb hydroxycinnamic 
acid derivatives was much higher (14.22±0.01bμg/g dm) than 
ofbthebhydroxybenzoic acid derivatives (3.27±0.00bμg/g dm). 
Inbgeneral, phenolic acids inb fresh, as well as inb fermented 
beetroot, appeared mostly inbbound forms (31.79±0.01bμg/g 
dm andb16.40±0.01b μg/g dm) compared with thebpresence 
thebfree forms (0.42±0.00bμg/g dm andb1.11±0.00bμg/g dm, 
respectively). Itb isb important to note that theb fermentation 
process resulted inbab2.64-fold increase inbthebcontent ofbfree 
phenolic acids, including: sinapic, isoferulic, p-coumaric, 
p-hydroxybenzoic, andb trans-cinnamic acids, but caused no 
changes inbthebproportion ofbfree protocatechuic, m-hydroxy-
benzoic, chlorogenic, syringic, andb3,4-dihydroxyphenylace-
tic acids. Abdecrease inb thebproportion ofb theb free forms af-
ter thebfermentation treatment was observed only inbthebcase 
ofbferulic acid. Thebfermentation ofbred beetroots affected also 
contents ofbthebbound forms ofbphenolic acids. Thebprocess 
applied increased theb proportion ofb theb conjugated proto-
catechuic, m-hydroxybenzoic, chlorogenic, caffeic, sinapic, 
ferulic, p-coumaric, p-hydroxybenzoic, andb 3,4-dihydroxy-
phenylacetic acids (Tableb2). Chlorogenic andb3,4-dihydroxy-
phenylacetic acids inb fresh beetroot roots were at theb limit 
ofbdetection. Inbfermented roots, chlorogenic acid accounted 
for only 0.1% ofb total phenolic aci ds andbwas found only 
inbthebbound form (after alkaline andbacid hydrolysis). Theblow 
level ofbchlorogenic acid andbdetection ofbthis compound after 
hydrolysis may bebdue to thebfact that chlorogenic acid occurs 
inb theb larger structures (polysaccharides, lignins) inb theb red 
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TABLEb2. Content andbcontribution ofbphenolic acids andbfl avonoids inbred beet products.

No Compounds Form

Red beet products

Fresh Fermented Commercial juice

μg/g dm % μg/g dm % μg/mL %

Phenolic acids

1 Protocatechuic acid
F 0.000 0.0 0.000 0.0 0.016 0.5

C 0.258 0.8 2.644 15.1 0.963 30.2

2 m-hydroxybenzoic acid
F 0.000 0.0 0.000 0.0 0.029 0.9

C 0.097 0.3 0.070 0.4 0.144 4.5

3 Chlorogenic acid
F 0.000 0.0 0.000 0.0 0.003 0.1

C 0.000 0.0 0.018 0.1 0.022 0.7

4 Caffeic acid
F 0.000 0.0 0.525 3.0 0.016 0.5

C 0.258 0.8 0.263 1.5 0.185 5.8

5 Syringic acid
F 0.000 0.0 0.000 0.0 0.041 1.3

C 0.934 2.9 0.263 1.5 0.102 3.2

6 Sinapic acid
F 0.000 0.0 0.018 0.1 0.003 0.1

C 0.387 1.2 1.033 5.9 0.096 3.0

7 Ferulic acid
F 0.193 0.6 0.018 0.1 0.041 1.3

C 0.612 1.9 1.016 5.8 0.045 1.4

8 Isoferulic acid
F 0.193 0.6 0.438 2.5 0.102 3.2

C 28.441 88.3 10.401 59.4 0.360 11.3

9 p-coumaric acid
F 0.000 0.0 0.018 0.1 0.003 0.1

C 0.483 1.5 0.368 2.1 0.035 1.1

10 p-hydroxybenzoic acid
F 0.032 0.1 0.035 0.2 0.070 2.2

C 0.225 0.7 0.263 1.5 0.211 6.6

11 3,4-dihydroxyphenylacetic acid
F 0.000 0.0 0.000 0.0 0.000 0.0

C 0.000 0.0 0.018 0.1 0.029 0.9

12 trans-cinnamic acid
F 0.000 0.0 0.053 0.3 0.086 2.7

C 0.097 0.3 0.053 0.3 0.587 18.4

Total content 32.21±0.01a* 100% 17.51±0.01b* 100% 3.19±0.00* 100%

Flavonoids

13 Vitexin
F 0.001 0.1 0.001 0.2 0.002 0.3

C 0.020 2.5 0.036 6.1 0.023 2.9

14 Rutin
F 0.001 0.1 0.001 0.1 0.002 0.3

C 0.017 2.1 0.013 2.2 0.037 4.6

15 Epicatechin
F 0.001 0.1 0.001 0.1 0.005 0.6

C 0.253 31.3 0.202 34.1 0.034 4.2

16 Luteolin
F 0.000 0.0 0.000 0.0 0.002 0.2

C 0.015 1.9 0.004 0.7 0.138 17.1

17 Quercetin
F 0.023 2.9 0.002 0.4 0.009 1.1

C 0.133 16.4 0.098 16.5 0.023 2.9

18 Apigenin
F 0.008 1.0 0.008 1.4 0.015 1.9

C 0.121 14.9 0.153 25.8 0.135 16.8

19 Kaempferol
F 0.002 0.2 0.001 0.2 0.006 0.8

C 0.192 23.7 0.036 6.0 0.161 20.0

20 Orientin
F 0.000 0.0 0.002 0.3 0.021 2.6

C 0.022 2.7 0.035 5.9 0.191 23.7

Total content 0.81±0.00a* 100% 0.59±0.00b* 100% 0.81±0.00* 100%

Total phenolics content 33.02±0.01a* 18.10±0.01b* 4.00±0.00*

*Data are expressed as mean±SD (n=3). Means inb line related to abtotal content ofbphenolic acids, fl avonoids andbphenolics which characterized 
bybthebdifferent letters are signifi cantly different (P<0.05).
F – free forms ofbphenolic acids or fl avonoids; C – conjugated forms ofbphenolic acids or fl avonoids released from soluble esters andbglycosides; 
dm – dry matter. 
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beetroot matrix or that thebhydrolysis process might have not 
been suffi ciently effective. Inbcontrast, thebfermentation pro-
cess decreased thebcontribution ofbthebconjugated forms ofbsy-
ringic andbisoferulic acids byb48.28% andb32.73% ofbtotal phe-
nolic acids, respectively. Moreover, no changes were observed 
inb thebconjugated form ofb trans-cinnamic acid. Thebpropor-
tion ofbthebfree phenolic acids inbfermented red beet juice was 
12.9% (0.41±0.00bμg/mL), while thebproportion ofbthebcon-
jugated phenolic acids was 87.1% (2.78±0.00b μg/mL). 
Inbgeneral, thebobtained results indicate that thebfermentation 
process caused an incr ease inbthebproportion ofbfree pheno-
lic acids andb reduced thebproportion ofb conjugated pheno-
lic acids inbthebphenolic acids profi le. Thebproportion ofbfree 
andbbound phenolic acids inbthebfresh red beetroot isbconsis-
tent with thebresults obtained bybMattila & Hellström [2007]. 
Inbthebcited study, phenolic acids inbfresh andbpickled red beet-
root were found mainly inbthebbound form, however thebpick-
ling process caused an increase inbthebamount ofbfree phenolic 
acids [Mattila & Hellström, 2007]. Furthermore, according to 
our results, lactic acid fermentation caused different changes 
inbthebcontents ofbthebfree andbbound forms ofbhydroxyben-
zoic, hydroxycinnamic, andbphenylacetic acid derivatives. As 
presented above, theblactic acid fermentation caused not only 
an increase inb thebcontent ofb theb free forms ofbhydroxyben-
zoic, hydroxycinnamic, andbphenylacetic acid derivatives, but 
also abdecrease or no changes inbthebcase ofbsome compounds 
inb fermented red beetroot. Similar observations were made 
for thebconjugated forms. Thebsame process not only reduced 
thebcontent ofbthebconjugated form ofbcertain compounds but 
also, inbsome cases, caused an increase or did not show any ef-
fect on thebcontent ofbother compounds. Thebresults obtained 
inbour study are inbline with those obtained bybManach etbal. 
[2004]. Thebcited authors reported that hydroxycinnamic ac-
ids frequently occurred inbthebform ofbsimple esters with quinic 
acid or glucose inbfruits andbvegetables. Inbcontrast, hydroxy-
benzoic acid derivatives have been shown to occur mainly 
inbthebform ofbglucosides, which reduces their availability to 
organisms. Fermentation isbone ofb theb food processes that 
increases thebrelease ofbthebconjugated phe nolics, which was 
observed inbour study [Shrestha etbal., 2010; Hur etbal., 2014; 
Huynh etbal., 2014]. Research carried out bybDeğirmencioğlu 
etbal. [2016] showed that microorganisms involved inbthebfer-
mentation process had theb ability to breakdown theb food 
matrix, thereby releasing associated phytochemicals, which 
agrees with our data. However, thebincreased content ofbfree 
phenolic acids may beb related to β-glucosidase activity, an 
enzyme produced bybmicrobial starter cultures that are used 
inbthebfermentation process. β-Glucosidase can release phe-
nolic acids that are conjugated to sugars andb glycosides 
bybhydroxyl groups bound to cell-wall structural components. 
Breaking these bonds contributes to thebrelease ofbconjugated 
phenolic acids byb loosening thebcell wall andb thus increases 
thebavailability ofbphenolic acids inbred beet products [Acosta-
-Estrada etbal., 2014]. 

Inb theb present study, theb fresh roots were character-
ized byb ab statistically signifi cantly (P<0.05) higher content 
ofbphenolic acids compared to thebfermented roots (Tableb2). 
 Thebfermentation process ofbred beetroots led to abreduction 
inb theb total phenolic acids content bybapproximately 45.6%. 

Moreover, thebtotal concentration ofbthebphenolic acids inbfer-
mented beetroot juice was 3.19±0.00bμg/mL.bThere are few 
available data on thebtotal content ofbphenolic acids inbfresh 
andbfermented red beetroot. Thebresults obtained inbour study 
are consistent with these reported bybGuldiken etbal. [2016], 
according to which, thebcontent ofbtotal phenolic acids inbpick-
led red beetroot was 25% lower than that ofb fresh beetroot. 
According to Svensson etbal. [2010], thebreduction inbthebto-
tal content ofbphenolic acids after theb fermentation process 
can bebattributed to thebactivity ofbthebphenolic acids’ decar-
boxylases andbreductases. Interestingly, Mattila & Hellström 
[2007] observed that thebpickling process did not seem to de-
stroy phenolic acids inbthebproduct ofbred beetroots. However, 
inbthebcase ofbfermented beetroot juice, thebstudy carried out 
bybDeğirmencioğlu etbal. [2016] showed that thebtotal concen-
tration ofbphenolic acids ranged from 34.35bto 59.91bμg/mL, 
depending on thebstrain used for fermentation. 

Another group ofb phenolic compounds identifi ed 
inb theb red beet products were fl avonoids, including vitexin, 
rutin, epicatechin, luteolin, quercetin, apigenin, kaempferol, 
andborientin (Tableb1). Previously published data have shown 
theb presence ofbfl avonoids inb red beetroot products. Geor-
giev etbal. [2010] identifi ed two fl avonoids (catechin hydrate 
andbepicatechin) inbextracts from red beetroots. Inbcontrast, 
Ben Haj Koubaier etbal. [2014] showed that thebstems ofbred 
beet contained four fl avonoids (myricetin, quercetin, kaemp-
ferol andb rutin), while no rutin was identifi ed inb theb roots 
ofb red beetroot. Inb contrast, Székely etb al. [2014] did not 
identify any fl avonoids inbthebroots ofbdifferent red beet cul-
tivars. However, Rembiałkowska etb al. [2011] identifi ed six 
fl avonoids (rutin, quercetin glycoside, quercetin, kaempferol, 
myricetin, andb luteolin) inb pickled red beetroot. Moreover, 
inb thebcase ofb fermented red beetroot juice, Değirmencioğlu 
etb al. [2016] identifi ed ten fl avonoids (myricetin, quercetin, 
kaempferol, rutin hydrate, naringenin, hesperidine, catechin, 
epicatechin, andb epigallocatechin). Interestingly, completely 
different research results were obtained bybWruss etbal. [2015]. 
They did not detect any fl avonoids inb juices prepared from 
seven beetroot varieties. Thebauthors explain theblack ofbiden-
tifi ed fl avonoids inbred beetroot juices bybtheblow concentra-
tion ofbthese compounds inbthebjuices obtained compared to 
their concentration found inbextracts prepared from dry mat-
ter samples. Thebdifferent numbers ofbdetected phenolics may 
bebdue to thebuse ofbdifferent parts ofbthebroots andbmay also 
depend on thebspecies, variety, degree ofbmaturity ofbthebraw 
material, harvest period andb storage conditions, as well as 
thebvegetation season conditions [Wiczkowski etbal., 2014; Sa-
wicki etbal., 2016]. 

Inbthebsamples ofbfresh andbfermented red beets we tested, 
theb dominant fl avonoid was epicatechin (34.4% andb 34.1% 
ofb theb total fl avonoids content, respectively) (Tableb 2). Its 
content inbfresh red beetroot was 0.254bμg/g dm, while inbfer-
mented beetroot itb was 0.203b μg/g dm. Theb second major 
compound among thebfl avonoids inb theb fresh roots analyzed 
was kaempferol (0.194bμg/g dm), which accounted for 23.9% 
ofbthebtotal fl avonoids. Inbthebfresh red beetroot, we detected 
abmuch higher content ofbquercetin (0.156bμg/g dm) andbapi-
genin (0.129bμg/g dm) than inbthebfermented beetroot, which 
accounted for 19.3% andb15.9% ofbtotal fl avonoids, respective-
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ly. Thebfresh red beetroot had also theblowest content ofbluteolin 
(0.015b μg/g dm). Inbaddition, inb theb fermented red beetroot, 
apigenin (0.161b μg/g dm) was theb second major compound, 
followed bybquercetin (0.100bμg/g dm). Abmuch lower content, 
compared to that ofb luteolin, apigenin, andbquercetin inb fer-
mented red beetroot, was detected for vitexin (0.037bμg/g dm), 
kaempferol (0.037bμg/g dm), orientin (0.037bμg/g dm), andbru-
tin (0.014bμg/g dm). Likewise inbthebfresh roots, luteolin also 
occurred inb theb lowest amount (0.004b μg/g dm) inb theb fer-
mented roots. Inb contrast with theb fresh andb fermented red 
beetroots, thebmain fl avonoid analyzed inb theb fermented red 
beetroot juice was orientin. Thebtotal concentration ofborientin 
was 0.212bμg/mL (26.3% ofbthebtotal fl avonoids inbthebferment-
ed red beetroot juice). Inbaddition, kaempferol (0.167bμg/mL)
 was theb second major compound, followed byb apigenin 
(0.150b μg/mL) andb luteolin (0.140b μg/mL). Lower concen-
trations ofb rutin (0.039b μg/mL), epicatechin (0.039b μg/mL), 
andbquercetin (0.032bμg/mL) were determined inbred beet juice, 
with theblowest concentration being that ofbvitexin (0.025bμg/mL). 
Our data differ from those reported inbthebliterature. For in-
stance, Georgiev etb al. [2010] reported catechin hydrate to 
bebthebmajor fl avonoid inbextracts from red beetroot, whereas 
Ben Haj Koubaier etbal. [2014] showed that kaempferol was 
thebdominant fl avonoid inbthebroots ofbred beet, while querce-
tin inbthebstems. Moreover, research carried out bybKazimierc-
zak etbal. [2014] showed that quercetin was thebmain fl avonoid 
that occurred inbfresh red beetroot. Inbthebcase ofbfermented 
beet juice, thebresults are also variable. Research carried out 
bybKazimierczak etb al. [2014] showed quercetin-3-O-gluco-
side to beb thebmajor fl avonoid ofb fermented beetroot juice, 
while Değirmencioğlu etbal. [2016] found catechin andbmyric-
etin to bebthebdominant fl avonoids inbbeetroot juice fermented 
bybSaccharomyces cerevisiae andbSaccharomyces boulardii.

Thebfermentation process caused abreduction inbthebtotal 
content ofb free form ofbfl avonoids andban increase inb their 
conjugated form. Thebtotal content ofbfree fl avonoids inbfresh 
red beet was at 0.04±0.00b μg/g dm (4.4% ofb theb total fl a-
vonoids content), while after thebfermentation process itbde-
creased to 0.02±0.00bμg/g dm (2.7% ofbthebtotal fl avonoids 
content). Inbcontrast, thebtotal content ofbconjugated fl avo-
noids inb fresh red beet was at 0.77±0.00b μg/g dm (95.6% 
ofbthebtotal fl avonoids content), while after thebfermentation 
process itbwas 0.57±0.00bμg/g dm (97.3% ofbthebtotal fl avo-
noids content). However, thebsame process not only reduced 
thebcontent ofbthebfree form ofbcertain compounds but also, 
inbsome cases, caused abdecrease or did not show any effect 
on thebcontent ofbother compounds. As presented inbTableb2, 
thebapplication ofbthebfermentation process caused abdecrease 
inbthebcontent ofbthebfree form ofbquercetin, andban increase 
inb thebcontent ofb theb free form ofbapigenin. Inbaddition, no 
changes were observed inbthebcontents ofbfree epicatechin, lu-
teolin, or kaempferol. Itbwas also found that thebfermentation 
process increased thebconcentration ofbvitexin andborientin 
while caused no changes inbrutin concentration. For thebcon-
jugated forms ofbfl avonoids, thebfermentation process caused 
an increase inbthebcontent ofbrutin, epicatechin, andbquerce-
tin. At thebsame time, itbdecreased contents ofbthebconjugated 
form ofbluteolin andbkaempferol. Inbthebcase ofbthebfermented 
red beetroot juice, thebproportion ofbfree fl avonoids was 7.8% 

(0.06±0.00bμg/mL), while thebproportion ofbconjugated fl a-
vonoids was 92.2% (0.75±0.00bμg/mL). Thebresults obtained 
show that fresh andbfermented beetroot can bebabgood source 
ofbfl avonoids inban everyday diet. Inbcontrast to phenolic ac-
ids, theb application ofb theb fermentation process decreased 
thebamount ofb free fl avonoids. Likewise for phenolic acids, 
theb fermentation process may affect theb ester andb glyco-
sidic bonds andbthus can contribute to changes inbthebcon-
tent ofb fl avonoids byb releasing them from being bound to 
thebinsoluble cell wall material [Svensson etbal., 2010]. Itbmay 
beb surprising that theb conjugated forms ofb rutin, vitexin, 
andborientin were found inbfermented beet products, as they 
ought to beb hydrolyzed inb theb fermentation process. This 
might bebexplained bybthebfact that C-glucosides ofbphenolics 
do not undergo hydrolysis during fermentation. Inbthebcase 
ofbrutin, similarly to chlorogeni c acid, its presence inbtheban-
alyzed material after hydrolysis may beb associated with 
theb loosening ofb theb red beetroot matrix andb releasing this 
compound from larger structures itbwas incorporated into. 
Changes inbthebprofi le ofbthebfl avonoids during fermentation 
are mainly due to thebactivity ofbenzymes produced bybabhuge 
variety ofb microfl ora, often uncharacterized. As ab result 
ofbthebactivity ofbthebcellulolytic, ligninolytic, andbpectinolytic 
enzymes, thebcell walls ofbthebfood matrix can bebcompletely 
ruptured bybthebhydrolysis ofbester bonds, resulting inboxida-
tive degradation ofbthebmatrix andbrelease ofbthebbound fl a-
vonoids [Huynh etbal., 2014]. However, itb should bebnoted 
that theb fermentation process does not always result inban 
increase inb phytochemicals content due to theb loosening 
ofbthebfood matrix, but can also cause abdecrease inbcontent 
ofb certain components. Phytochemicals could bebmetabo-
lized (e.g., deglycosylated) into other low molecular forms 
[Aura etb al., 2002]. Inb general, theb potential ofb lactic acid 
bacteria to metabolize secondary plant compounds remains 
unknown. Therefore, further research inbthis fi eld isbneeded 
to elucidate thebmicrobiological pathways for phytochemical 
conversion, metabolite identifi cation, andbbiological activity 
determination. 

As inbthebcase ofbphenolic acids, thebrichest source ofbfl a-
vonoids turned out to beb theb fresh roots, which contained 
0.81±0.00b μg fl avonoids/g dm. Ab lower byb approximately 
27.2% total fl avonoids content was observed inb theb ferment-
ed red beetroot. However, theb commercial fermented beet-
root juice contained 0.81±0.00b μg fl avonoids/mL.b As with 
thebcontent ofbphenolic acids, our data for fl avonoids differed 
from those available inbthebliterature, which may bebrelated to 
theb fact that thebauthors ofb thebpublications have expressed 
theb results per beetroot dry extracts [Georgiev etb al., 2010; 
Čanadanović-Brunet etb al., 2011; Ben Haj Koubaier etb al., 
2014]. On thebother hand, Kazimierczak etbal. [2014] com-
pared theb profi le ofb fl avonoids inb fermented beetroot juices 
from organic versus conventional production. Interestingly, 
they did not notice any signifi cant differences inb thebcontent 
ofbfl avonoids between thebstudied materials. As mentioned for 
phenolic acids, thebdifferences inbthebtotal content ofbfl avonoid 
compounds between results obtained inbthis study andbthebre-
sults from thebcited papers may have been due to thebuse ofbdif-
ferent beetroot varieties. Thebimpact ofbthebvariety, as well as 
theb growing conditions, growing season, andb theb method 
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andb length ofbstorage on theb level ofbvarious phytochemicals 
inbvegetables was demonstrated inbearlier works [Wiczkowski 
& Piskuła, 2004; Sawicki & Wiczkowski, 2018]. Moreover, 
thebtype ofbmicroorganisms used inbthebfermentation process 
as well as its conditions andbduration could play abkey role 
inbthebtotal content ofbfl avonoids [Shrestha etbal., 2010].

Total contents ofbphenolic acids andbfl avonoids inbred 
beetroot products

Based on thebresults ofbHPLC-MS/MS analysis, thebfresh 
roots were shown to bebthebrichest source ofbphenolics. Thebto-
tal phenolics content inbfresh red beet was 33.02±0.01bμg/g dm, 
while inbthebfermented beetroot, itbwas 18.10±0.01bμg/g dm. 
Inb contrast, inb commercial red beet juice itbwas as low as 
4.00±0.00b μg/mL.b Our data differ from those available 
inb theb literature [Vulić etbal., 2014; Ben Haj Koubaier etbal., 
2014; Wruss etbal., 2015; Guiné etbal., 2018]. Itbisbimportant to 
note, however, that thebmost common method for determin-
ing total phenolics content isb thebFolin-Ciocalteau method 
rather than thebHPLC-MS method, which isbnot an absolute 
measurement ofbthebamount ofbphenolics inbabtested sample. 
Some substances contained inb theb sample studied, includ-
ing organic acids, residual sugars, amino acids, proteins 
andb other hydrophilic compounds, interfere with this test. 
Thus, theb results achieved for thebsamples tested can differ 
signifi cantly, which was also thebcase inbthebstudies presented 
above. Therefore, detailed identifi cation andb quantifi cation 
ofbphenolic compounds are essential. 

Moreover, itbshould bebnoted that theb14-day spontane-
ous fermentation process resulted inbabsignifi cant reduction 
ofb theb total content ofbphenolics byb45.18%. Results ofbou r 
research are consistent with thebfi ndings reported bybHunaefi 
etbal. [2013], who observed that theb total phenolics content 
increased slightly until day seven ofbthebfermentation process 
andbsuccessively decreased for ablonger time ofbfermentation. 
Hunaefi etbal. [2013] andbRodríguez etbal. [2008] explain that 
thebreduction inbtotal phenolics content may bebdue to an in-
crease inbthebamounts ofblactic acid bacteria. There isbevidence 
that lactic acid bacteria are involved inbthebmetabolism ofbdi-
etary phenolics, i.e. their cause their degradation andb thus 
positively affect thebfi nal product, imparting itbabcharacteristic 
taste, aroma, andbtexture. 

Inb theb case ofb fermented beet juice, itb isb important to 
pay attention to thebfood processing, which usually consists 
ofbthebpre-treatment, including cleaning, rinsing andbslicing, 
andb theb basic treatment involving thermal food process-
ing. Treatments applied inbthebfood processing are aimed at 
eliminating unwanted impurities, microbes, non-nutrients, 
inactivating enzymes; andb also at increasing theb digestibil-
ity andb availability ofb nutrients; at improving theb structure 
andbconsistency ofbabfood product; andbfi nally at ensuring its 
appropriate organoleptic characteristics. On thebother hand, 
these treatments can have abdestructive effect on health-pro-
moting ingredients, causing their losses at every stage ofbpro-
cessing [Ravichandran etbal., 2013; Wiczkowski etbal., 2015].

Content ofb phenolic acids andb fl avonoids inb blood 
plasma andburine ofb volunteers consuming fermented 
beetroot juice

To thebbest ofbour knowledge, this isb thebfi rst study that 
 has characterized theb profi le ofb phenolic acids andb fl avo-
noids inbhuman body fl uids after long-term andbregular con-
sumption ofbred beetroot juice. Sixteen compounds, includ-
ing four hydroxybenzoic acid derivatives (protocatechuic, 
m-hydroxybenzoic, syringic, andb p-hydroxybenzoic acids), 
six hydroxycinnamic acid derivatives (chlorogenic, caffeic, 
sinapic, ferulic, p-coumaric, andb trans-cinnamic acids), one 
phenylacetic acid derivative (3,4-dihydroxyhydrophenylace-
tic acid), andbfi ve fl avonoids (epicatechin, luteolin, quercetin, 
apigenin andbkaempferol) were identifi ed inbthebblood plasma 
andburine samples before andbafter thebintake ofbfermented red 
beetroot juice (Tableb1). All theb identifi ed compounds were 
also detected in bthebmaterial tested (red beet juice). However, 
isoferulic acid, vitexin, rutin, andborientin, which were found 
inb thebconsumed commercial fermented red beet juice, were 
not identifi ed inbthebsamples ofbhuman body fl uids. 

Before andbafter regular consumption ofbfermented beet-
root juice, phenolic acids andbfl avonoids appeared inbblood 
plasma andb urine throughout theb forty-two days ofb theb ex-
periment (Figureb 1). Theb total concentration ofb phenolic 
acids inb theb volunteers’ blood plasma before drinking fer-
mented beetroot juice was 6.68±0.59b μg/mL andb increased 
to 10.84±0.92bμg/mL after seven days ofbregular juice intake. 
Afterwards, itb decreased slightly to 6.51±0.67b μg/mL after 
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FIGUREb1. Concentration ofbphenolic acids (A) andbfl avonoids (B) inbblood plasma andburine ofbvolunteers after thebintake ofbfermented beetroot juice 
for abperiod ofb42bdays. 
Values are mean±SD (n=24). Means related to abtotal content ofbphenolic acids or fl avonoids marked bybdifferent letter above bars are signifi cantly 
different (P<0.05).
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twenty-one days andb then increased again to 7.75±0.55bμg/
mL after forty-two days ofbregular intake ofbthebjuice. An in-
crease inb theb total concentration ofbphenolic acids (P<0.05) 
was noted as soon as after seven days ofbregular consumption 
ofbfermented beetroot juice. Differences inbthebtotal concentra-
tion ofbfl avonoids inbblood plasma were not found to bebstatis-
tically signifi cant (P0.05) before (0.49±0.04bμg/mL) andbaf-
ter seven (0.41±0.03bμg/mL), twenty-one (0.49±0.04bμg/mL), 
andbforty-two (0.38±0.04bμg/mL) days ofbregular consump-
tion ofb juice from red beetroot. Furthermore, urine analy-
sis ofb thebvolunteers before theb intake ofb fermented beetroot 
showed that thebtotal concentration ofbphenolic acids was at 
22.28±2.65bμg/mL.bAfter forty-two days ofbconsumption ofbfer-
mented beetroot juice, as inbthebcase ofbblood plasma, thebtotal 
concentration ofbphenolic acids inb theburine did not change 
statistically signifi cantly (P0.05). Regular intake ofbfermented 
beetroot juice for seven days has resulted inbabslight increase 
inb theb total concentration ofbphenolic acid. Total urinary ex-
cretion ofb fl avonoids has not changed statistically (P0.05) 
throughout thebentire forty-two day long period ofbfermented 
beetroot juice intake. Before starting thebregular consumption 
ofbfermented beetroot juice, theb total concentration ofbfl avo-
noids inbtheburine ofbvolunteers was at 0.78±0.11bμg/mL.bAfter 
seven days, itbincreased to 0.91±0.15bμg/mL, andbafterwards 
decreased to 0.81±0.13bμg/mL after twenty-one days andbto 
0.67±0.09bμg/mL after forty-two days. Itbwas found that af-
ter forty-two days ofbconsumption ofbfermented beetroot juice 
bybthebvolunteers, thebtotal plasma andburine concentrations 
ofbphenolic acids andbfl avonoids did not change compared to 
those determined inbvolunteers’ fl uids before starting thebregu-
lar consumption ofb juice. To thebbest ofbour knowledge, lim-
ited data are available on thebbioavailability ofbphenolics after 
long-term ingestion. 

Theb factor affecting theb bioavailability ofb phenolics 
isb theb nature ofb theb food matrix itself. Phenolics can react 
with food ingredients, e.g., some proteins andbcarbohydrates, 
which can signifi cantly affect their absorption from digestion. 
Other important factors are thebintestinal environment, such 
as thebpH or thebpresence ofbbile salts [Manach etbal., 2004]. 
Interindividual variability, andbmore specifi cally, differences 
inbthebintestinal microfl ora ofbvolunteers, may affect thebbio-
availability ofbphenolic acids andbfl avonoids as well. Research 
conducted bybAura etbal. [2002], van’t Slot & Humpf [2009], 
andbGonthier etbal. [2003] showed absuccessive postprandial 
appearance ofbmicrobial phenolic metabolites inbplasma af-
ter 0.5–4bh. Moreover, abstudy conducted bybFeliciano etbal. 
[2016] showed ingestion ofb foods rich inb polyphenols to 
result inban increase inb theb concentration ofbphenolic acids 
inbplasma compared to that on thebfi rst day ofbthebinterven-
tion. According to thebaforementioned reports, fl avonoids are 
degraded during digestive processes, resulting inbphenolic ac-
ids formation andbthus decreasing thebconcentration ofbfl avo-
noids. Unfortunately, we did not notice this correlation inbour 
study. Additionally, thebbioavailability ofbphenolic compounds 
may beblimited due to thebinteractions with their transporters. 
Inbaddition, we cannot exclude thebpossibility ofbphenolic ac-
ids andbfl avonoids distribution andbaccumulation inbother tis-
sues. Another explanation for such an insignifi cant variation 
inbplasma levels ofbphenolic acids andbfl avonoids isb that al-

though thebdiets were controlled, thebsubjects followed thebdi-
etary instructions well (exclusion ofb foods rich inbbetalains) 
but did not eat exactly thebsame amounts ofbpolyphenols-rich 
fruits andb vegetables. Interestingly, theb research conducted 
bybMoon etbal. [2000] showed that theblong-term consumption 
ofb foods rich inbfl avonoids did not cause thebaccumulation 
ofbsignifi cant amounts ofbfl avonoids inbthebplasma. Itbshould 
bebnoted, however, that despite abnumber ofbstudies that have 
been carried out, there isbnot enough data on phenolic ac-
ids andbfl avonoids inbhuman tissues. Previous studies have 
indicated that despite theb low absorption ofbphenolic acids 
andbfl avonoids, these compounds are extensively metabolized 
inbthebgut andbliver [Marín etbal., 2015]. Abnumber ofbchemi-
cal processes change theb physical properties ofb phenolics, 
making them more soluble inbwater. Moreover, thebobserved 
insignifi cant variability ofbtheburinary excretion ofbthese com-
pounds after forty-two days ofb consumption ofb fermented 
beetroot juice suggests that thebmajority ofbthebphenolic ac-
ids andbfl avonoids supplied with juice have been metabolized 
bybtheb intestinal microfl ora to smaller low molecular weight 
metabolites. Generally, phenolic acids andbfl avonoids are rap-
idly excreted with urine, indicating that thebdaily consump-
tion ofbplant products isbnecessary to maintain high blood 
metabolite levels. All things considered, itb should bebnoted 
that thebbioavailability ofbplant phenolic acids andbfl avonoids 
may bebaffected bybinternal factors (including age, sex, ethnic-
ity, disease andbgenetic polymorphisms) andbexternal factors 
(including doses, food matrix, andbeating habits).

Summarizing, our results showed that forty-two days 
ofbconsumption ofbabcommercial fermented beetroot juice did 
not affect thebconcentration ofbphenolic acids andbfl avonoids 
inbplasma andburine ofbthebvolunteers. Inbturn, Sawicki etbal. 
[2018] observed that theblong-term andbregular consumption 
ofb thebred beet juice caused stabilization ofbboth thebprofi le 
andbcontent ofbbetalains inbthebphysiological fl uids ofbvolun-
teers. Irregular changes inb thebphenolic acid andbfl avonoid 
profi les inbhuman plasma andburine, inbcontrast to thebprofi le 
andbcontent ofbbetalains, may bebdue to theb low concentra-
tion ofb phenolic acids (3.19±0.00b μg/mL) andb fl avonoids 
(0.81±0.00bμg/mL) (Tableb1) andbabhigh concentration ofbbe-
talains (0.21±0.00b g/mL) inb beetroot juice [Sawicki etb al., 
2018]. Inb addition to beetroot juice, volunteers consumed 
ab number ofb foods that are rich sources ofb phenolic acids 
andbfl avonoids. Taking into consideration that thebestimated 
daily intake ofbphenolic compounds bybthebPolish population 
was 1756.5±695.8bmg/day [Grosso etbal., 2014], itbseems dif-
fi cult to assume that such absmall contribution to thebdaily in-
take ofbphenolic compounds as 200bmL ofbbeetroot juice (i.e. 
0.8bmg, being not even 0.1% ofbdaily intake) will signifi cantly 
affect levels ofbmetabolites inbhuman fl uids. 

CONCLUSIONS

To thebbest ofbour knowledge, this isb thebfi rst time when 
thebeffects ofbfermentation on thebprofi le andbcontent ofbred 
beet phenolic acids andbfl avonoids have been determined as 
well as when theb impact ofb theb long-term andb regular con-
sumption ofbthis vegetable on thebprofi le andbcontent ofbphe-
nolics inbplasma andburine ofbvolunteers has been established. 
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Our research has shown that red beet andb its products are 
notable source ofbphenolic acids andbfl avonoids. Thebanaly-
ses performed have revealed that isoferulic acid, protocat-
echuic acid, epicatechin, andbapigenin predominated among 
thebtwenty compounds detected inbbeetroot andbits products. 
Furthermore, theb total content ofbphenolic acids andbfl avo-
noids differed signifi cantly between theb red beet products 
studied. Theb fermentation process simultaneously increased 
contents ofb free phenolic acids andb conjugated fl avonoids 
as well as decreased contents ofb conjugated phenolic ac-
ids andb free fl avonoids. However, our results showed that 
theblong-term andbregular consumption ofbfermented beetroot 
juice generally did not affect thebconcentration ofbphenolics 
inbplasma andburine ofbthebvolunteers. From thebphysiological 
andbnutritional points ofbview, information on thebfull profi le 
ofb red beet phenolic acids andbfl avonoids isbvery important 
because itbmay help predict their biological activity. More-
over, further studies are now needed to determine how red 
beetroot phytochemicals, including phenolic acids andbfl avo-
noids, behave under thebconditions ofbother food processing 
treatments andbupon consumption ofbother red beet products 
(infl uence ofbthebfood matrix).
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INTRODUCTION

Thebwidely described health benefi ts ofbred beet root (Beta 
vulgaris L.) have led to increased scientifi c andbconsumer in-
terest inbthis vegetable [Chhikara etbal., 2019; Clifford etbal., 
2015; Nemzer etbal., 2011]. Red beet isbrich inbseveral bioactive 
compounds which can bebuseful inbthebtreatment ofbmany dis-
eases, such as hypertension, atherosclerosis, type 2bdiabetes, 
andbdementia [Clifford etbal., 2015; Nemzer etbal., 2011].

Beet root isb ab rich source ofb highly bioactive saponins 
which are associated with haemolytic [Voutquenne etb al., 
2003]; molluscicidal [Huang etbal., 2003]; anti-infl ammatory 
[da Silva etbal., 2002]; antifungal, anti-yeast activity, andban-
tibacterial [de Lucca etbal., 2002]; as well as with antiparasitic 
activity [Traore etbal., 2000]. They exhibit also cytotoxic, an-
titumoric [González etbal., 2003], andbantiviral effects [Gosse 
etbal., 2002].

Saponins are divided into two groups: steroidal saponins 
andbtriterpenoid saponins. Some authors distinguish abthird 
group called steroidal amines or steroidal alkaloids [Bru-
neton, 1995]. Triterpenoid saponins are ab common group 
ofb saponins consisting ofb ab triterpenoid aglycone contain-
ing 30b carbon atoms andb comprising ab pentacyclic struc-
ture [Sparg etbal., 2004]. Triterpene saponins are glycosides 
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containing one or two sugar chains connected via an ester 
to C-28bor ether to C-3. According to thebliterature, hexoses, 
pentoses, 6-deoxyhexoses, andburonic acids are primary sugar 
units inbtriterpene saponins. Moreover, theburonic acid moiety 
isbbonded only to C-3 [Mikołajczyk-Bator etbal., 2016; Yo-
shikawa etbal., 1996, 1998]. So far , oleanolic as well as heder-
agenin, akebonoic, andbgypsogenin aglycones were identifi ed 
inbred beet roots [Mikołajczyk-Bator etbal., 2016]. 

Thebprofi le ofb triterpenoid saponins inb theb roots ofb red 
beet cv. Red Sphere (Beta vulgaris L.) was previously studied 
using reversed liquid chromatography andbmass spectrometry 
bybMroczek etbal. [2012, 2019] andb13b saponins have been 
described wherein 11b compounds contained oleanolic ac-
ids aglycone. Another research on saponins inbred beet root 
cv. Nochowski was that bybMikołajczyk-Bator etbal. [2016], 
wherein 44bsaponins were characterized, including 22bcom-
pounds that were described for thebfi rst time ever. Moreover, 
27bsaponins, which contained oleanolic acids aglycone, were 
identifi ed using thebLC-MS/MS/MS technique.

Theb structural characterisation ofb triterpenoid saponins 
inbthebroots ofbred beet isbvery diffi cult andbtime-consuming 
due to thebcomplexity ofbthebmatrix [Mikołajczyk-Bator etbal., 
2016; Mroczek etb al., 2012, 2019], therefore, fractionation 
ofbthebcrude samples enables faster andbmore accurate iden-
tifi cation ofb signifi cantly preconcentrated saponins [Thakur 
etb al., 2014]. High-speed counter-current chromatography 
isb ab very important technique inb theb separation ofb natural 
plant compounds [Jerz etb al., 2008, 2010; Spórna-Kucab 
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etbal., 2019; Wybraniec etbal., 2009, 2010] which enables sub-
sequent identifi cation ofbnew structures ofbtarget compounds 
[Choi etbal., 2015; Figueiredo etbal., 2017]. Moreover, HSCCC 
isbperceived as abrapid andbconvenient technique for thebisola-
tion ofbsaponins [Thakur etbal., 2014]. Additionally, itbisbworth 
noting that during HSCCC separations, no loss ofb target 
compounds arising from their irreversible adsorption onto 
thebsolid matrix isbobserved, often taking place inbthebconven-
tional liquid chromatography, because mobile andbstationary 
phases are liquids [Spórna-Kucab etbal., 2013a, 2015; 2016; 
2018a,b]. 

Inbthis stu dy, abcrude saponin mixture from Beta  vulgarisbL. 
cv. Red Sphere was separated for theb fi rst time byb semi-
-preparative HSCCC inbabnew solvent system. ThebHSCCC 
technique enabled thebidentifi cation ofbnew saponins inbBeta 
vulgaris L. cv. Red Sphere. 

MATERIALS ANDbMETHODS

Plant material andbreagents
Red beet roots (Beta vulgaris L.) ofbcv. Red Sphere were 

purchased from ab local market inb Cracow inb June 2019. 
Thebroots were grounded andbforthwith extracted.

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

Crude pigment extracts
Fresh andb grounded inb abblender (thermomix, Vorwerk, 

Wuppertal, Germany) roots from Beta vulgaris L. cv. Red 
Sphere (1.5b kg) were extracted bybmaceration three times 
for 1bh, using 1bL ofb80% ethanol each time. Thebextract ob-
tained was fi ltered andbpre-concentrated bybabrotary evapo-
rator (Heidolph, Schwabach, Germany) at 25°C to 100bmL 
under reduced pressure. Then, theb extract was loaded into 
an RP-C18bcartridge pre-conditioned with ethanol andbwater. 
Thebcartridge was washed with water andbthen with 10%, 20%, 
50%, andb100% ethanol. Thebeluates were pre-concentrated 
byb ab rotary evaporator at 25°C andb freeze-dried. Theb elu-
ates obtained were monitored bybLC-DAD-ESI-MS/MS.bFi-
nally, 196.6bmg ofb saponins were eluted with 50% ethanol 
andb115.4bmg ofbsaponins with 100% ethanol.

HSCCC separati on
Thebseparation ofbsaponins (Table 1) was accomplished 

on ab semi-preparative AECS QuikPrep HSCCC J-type hy-
drodynamic chromatograph (London, United Kingdom) with 
121bmL capacity andb2.0bmm i.d.. 

Abnew biphasic system consisting ofbTBME-BuOH-ACN-
-H2O (1:2:1:5, v/v/v/v) was prepared for thebHSCCC run. 
Thebsolvent system was prepared inbabseparating funnel. Re-
quired volumes ofbsolvents were mixed inbabseparating fun-
nel. Then, theb two phases for thebHSCCC separation were 
divided shortly before use andbdegassed bybultrasonication 
for 10bmin. Thebupper organic phase was used as thebstation-

ary phase andbtheblower aqueous phase as thebmobile phase 
inbtheb‘head-to-tail’ mode. Per defi nition, this mode ofbsepara-
tion isbnamed reversed-phase comparable to C18-HPLC also 
using thebaqueous phase as thebeluting solvent phase [Spór-
na-Kucab etbal., 2019; Wybraniec etbal., 2010]. 

ThebHSCCC column was entirely fi lled with theb upper 
phase (stationary phase). Thebrotation ofbthebHSCCC instru-
ment was started at 860brpm. Then, theblower aqueous phase 
(mobile phase) was pumped at ab fl ow rate ofb 3.0bmL/min 
(K-501bpump, Knauer, Berlin, Germany).

After column equilibration, theb sample solution was in-
jected byb an injection valve. This solution was prepared 
bybdissolving 300bmg ofbthebextract inb4bmL ofbtheblower phase. 
Theb effl uent from theb column was continuously monitored 
with abUV-Vis detector at 210bnm (Knauer). Twelve fractions 
were collected inb ab fraction collector (Foxy Jr., Knauer) at 
2-min intervals andbthen analysed bybLC-DAD-ESI-MS/MS 
(Figures 1–3). ThebHSCCC fractions were weighed after their 
pre-concentration on abrotary evaporator at 25°C andbfreeze-
-drying.

LC-DAD-ESI-MS/MS  analysis
Thebeluates from thebRP-C18bcartridge as well as abcrude 

extract (Figure 1) andbthebHSCCC fractions (Figures 2bandb3) 
were analysed bybLC-DAD-ESI-MS/MS using an LCMS-
-8030bmass spectrometric system coupled to an LC-20ADXR 
pump with abgradient elution mode at 40ºC inbthebacetonitrile 
(A) andb2% aqueous formic acid (B) system: 5% Ab inbB at 
0bmin, abgradient to 60% AbinbB at 12bmin, then 80% AbinbB at 
15bmin. Thebinjection volume was 5bμL andbthebfl ow rate was 
0.5bmL/min. LC-DAD-ESI-MS/MS analyses were conducted 
on ab100bmm × 4.6bmm I.D., 5.0bμm Kinetex C18bchromato-
graphic column from Phenomenex (Torrance, United States).

Theb LC-MS/MS system was controlled with LabSo-
lutions software (Shimadzu, Japan), which was operated 
inbabnegative mode, at electrospray voltage ofb4.5bkV, capillary 
temp. ofb250°C, andbN2bused as thebsheath gas. Scan range 
was from m/zb100bto 2000. Argon was used to improve trap-
ping effi ciency andbas thebcollision gas for CID experiments. 
Thebcollision energy for MS analyses was set at 50bV.

RESULTS ANDbDISCUSSION

MS/MS analysis ofbsaponins
Thebfi rst study bybMroczek etbal. [2012, 2019] on B. vul-

garis L. cv. Red Sphere reported thirteen saponins with pen-
tose andbhexose substituents. Another research on saponins 
inbB. vulgaris L. cv. Nochowski conducted bybMikołajczyk-
-Bator etbal. [2016] revealed 27bacetal-, dioxolane- as well as 
pentose/hexose-type saponins.

Inb this study, thebMS/MS analysis ofb theb crude extract 
ofbBeta vulgaris L. (Figure 1) revealed thebpresence ofbthirteen 
acetal-, dioxolane- as well as pentose/hexose-type saponins. 
All ofbthebidentifi ed saponins andbtheir MS/MS data are listed 
inbTable 1. 

Theb saponins detected inb our research are derivatives 
ofboleanolic acid. ThebMS/MS data show thebpresence ofbfi ve 
acetal- andbtwo dioxolane-type substituents, which have been 
never described inbB. vulgaris L. cv. Red Sphere. These types 
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ofb compounds were found bybMikołajczyk-Bator [2016] in
B. vulgaris L. cv. Nochowski. 

Fragmentation ofb saponins with oleanolic acid as 
theb aglycone leads to yielding theb daughter ion [M-H]- at 
m/zb 631b which corresponds to hexuronic acid-oleanolic 
acid. Theb simplest saponin with theb pseudomolecular ion 
[M-H]- at m/zb631 (peak 13bwith tR = 17.1bmin) was iden-
tifi ed inb thebstudied B. vulgaris L. extract. As expected, this 
compound (13, HexUA-oleanolic acid) fragmented to 
m/zb455bwhich corresponded to oleanolic acid. HexUA-ole-
anolic acid was previously identifi ed inbthebB. vulgaris L. cv. 
Red Sphere [Mroczek etbal., 2012, 2019]. 

Thebpeak 12 (tR = 17.1bmin) corresponded to thebcom-
pound which exhibited theb pseudomolecular ion [M-H]- at 
m/zb763. Theb fragmentation ofb this compound (12) yielded 
daughter ions at m/zb631bandb455bbecause ofbtheblosses ofbpen-
tose (132bDa) andbhexuronic acid (176bDa), andb therefore 
compound 12bwas identifi ed as Pen-HexUA-oleanolic acid. 

Compound 12b was previously identifi ed inb theb B. vulgaris 
L. cultivars Red Sphere andbNochowski [Mikołajczyk-Bator 
etbal., 2016; Mroczek etbal., 2012, 2019].

Peaks 8 (tR = 14.1bmin) andb11 (tR = 16.7bmin) correspond-
ed to compounds with theb identical pseudomolecular ions 
[M-H]- at m/zb793bandbaglycone ions at m/zb455bwhich corre-
spond to oleanolic acid. Thebfragmentation ofbthebpseudomo-
lecular ion [M-H]- at m/zb793bfor compound 8byielded daugh-
ter ions at m/zb631bandb455bbecause ofbtheblosses ofb162bDa 
andb176bDa, confi rming thebpresence ofbhexose andbhexuronic 
acid. Finally, compound 8bwas identifi ed as Hex-HexUA-olea-
nolic acid. However, thebfragmentation ofbcompound 11bwith 
theb same pseudomolecular ion [M-H]- at m/zb 793b resulted 
inbthebformation ofbdaughter ions at m/zb673bandb631, indicat-
ing thebloss ofb120bDa andb162bDa characteristic for thebac-
etal-type substituent; andbthis compound can bebassigned to 
Act-HexUA-oleanolic acid. Theb research ofbsaponins profi le 
inb thebB. vulgaris L. cv. Red Sphere did not reveal thebpres-
ence ofbcompound 11 [Mroczek etbal., 2012, 2019] but this 
compound was previously observed inb thebB. vulgaris L. cv. 
Nochowski [Mikołajczyk-Bator etb al., 2016]. Theb structure 
ofbcompound 11bwas determined bybYoshikawa etbal. [1996] 
who named this saponin betavulgaroside IV.

Theb identical pseudomolecular ions [M-H]- at m/z 925 
were ascribed to peaks 5 (tR = 13.3bmin) andb10 (tR = 15.8bmin). 
These saponins consisted ofbthebsame aglycone ion at m/zb455, 
corresponding to oleanolic acid. Moreover, thebdaughter ions 
at m/zb 631b andb 793 (losses ofb pentose (132b Da) andb hex-
ose (162bDa), respectively) were observed for both saponins. 
Theb compounds 5b andb 10 (Pen-Hex-HexUA-oleanolic ac-
ids) were previously identifi ed inbB. vulgaris L. cv. Red Sphere 
[Mroczek etbal., 2012, 2019]. 

Peaks 4 (tR = 13.3bmin) andb7 (tR = 13.6bmin) corresponded 
to compounds which revealed pseudomolecular ion [M-H]- 

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

TABLE 1. Saponins tentatively identifi ed bybnegative ion ESI-MS/MS inbB. vulgaris L. cultivar Red Sphere.

No. Saponin structure tR [min] m/zb[M-H]- m/zbfrom MS/MS ofb[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/zb953bandb fragment ions at m/zb909, 793, 631, andb455. 
These compounds were characterised for theb fi rst time in
B. vulgaris L. cv. Red Sphere. Thebfragmentation ofbtheb[M-H]- 

primarily yielded daughter ions at m/zb 909b andb 793b because 
ofb theb loss ofbCO2b andb abdioxolane-type substituent, respec-
tively. ThebMS/MS data exhibited additionally daughter ions at 
m/zb631bandb455, being characteristic for hexuronic acid-olea-
nolic acid andboleanolic acid. These two compounds were iden-
tifi ed as Diox-Hex-HexUA-oleanolic acids. Itb isbworth noting 
that saponins with dioxolane-type substituents were detected in 
B. vulgaris L. cv. Red Sphere for thebfi rst time ever, but this type 
ofbthebstructure was determined bybYoshikawa etbal. [1996] who 
named itbbetavulgaroside I.bThebcompounds 6bandb9bwith tR 
13.5bandb15.4bmin, respectively, exhibited identical [M-H]- ions 
at m/zb955, which corresponded to acetal-type substituent sa-
ponins because ofbthebloss ofb120bDa (daughter ion at m/zb835) 
andb162bDa (daughter ion at m/zb793) during fragmentation. 
Thebdaughter ion at m/zb835bwas not noticed during thebfrag-
mentation ofbcompounds 6bandb9bidentifi ed bybMroczek etbal. 
[2019] inbB. vulgaris L. cv. Red Sphere. These acetal-saponins 
(compounds 6bandb9) were also identifi ed bybMikołajczyk-Bator 
etbal. [2016] inbB. vulgaris L. cv. Nochowski. Based on thebMS/MS 
fragmentation ofbcompound 6bandb9bas well as previous MS/MS 
data [Mikołajczyk-Bator etbal., 2016], itb can bebdeduced that 
these molecules consisted ofbaglycone ion at m/zb455 – oleano-
lic acid as well as acetal-type substituent, hexose andbhexuronic 
acid. Taking into account thebabove elucidations, compounds 
6bandb9bwere designated as Act-Hex-HexUA-oleanolic acid.

Peak 1 (tR = 12.5bmin) corresponding to thebcompound 
revealing theb pseudomolecular ion [M-H]- at m/zb 969bwas 
tentatively identifi ed as hexuronic acid-hexose-hexuronic acid 
derivative ofb oleanolic acid (HexUA-Hex-HexUA-oleanolic 

acids). Thebconcentration ofbcompound 1bwas not suffi cient 
to identify daughter ions. Mikołajczyk-Bator etb al. [2016] 
identifi ed presumably identical saponin inbB. vulgaris L. cv. 
Nochowski. Thebelution ofbcompound 1b inb further HSCCC 
fractions indicates that itb isbnot an acetal-type saponin, be-
cause such saponins are eluted inbearly fractions. 

Theb compound 3 (tR = 12.8b min) was characterised 
byb theb pseudomolecular ion [M-H]- at m/zb 1087b andb frag-
ment ions at m/zb 967, 925, 763, 631, andb 455. Theb frag-
mentation ofbcompound 3b resulted inb theb formation ofbpri-
mary daughter ions at m/zb967bandb925bbecause ofb theb loss 
ofb120bDa andb162bDa (cleavage andb loss ofbthebacetyl-type 
substituent, respectively). Thebpresence ofbthebdaughter ions 
at m/zb763bandb631bindicated thebloss ofbthebhexose andbpen-

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

No. m/z [M-H]-
Relative content ofbpigments (%)* 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 bybLC-MS.

FIGURE 2. HSCCC chromatogram ofb B. vulgaris L. cultivar Red 
Sphere extract (300bmg) separated into 12bfractions inbabsolvent system: 
TBME-BuOH-ACN-H2O (1:2:1:5, v/v/v/v) at abfl ow rate ofb3.0bmL/min 
inbthebhead-to-tail mode; velocity 860brpm; optical detection at abwave-
length ofb210bnm.
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tose from the structure ofb 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 thebfi rst time bybYoshikawa etbal. [1996]. Betavulgaroside 
IX was only identifi ed inbNochowski cv. bybMikołajczyk-Bator 
etbal. [2016]. 

ThebMS spectra ofbthebcompound tR = 12.5bmin thebpseu-
domolecular ion [M-H]- at m/zb1117bwhich fragmented into 
ions at m/zb997, 955, 835, 793, 631, andb455, indicated thebpres-
ence ofbsaponin with acetal-type substituent. Thebfragmenta-
tion ofbthis compound (2) resulted inbthebformation ofbprimary 
daughter ions at m/zb997bandb955 (losses ofb120bandb162bDa) 

corresponding to theb cleavage andb loss ofb theb acetal-type 
substituent, respectively. Thebpresence ofb thebdaughter ions 
at m/zb 793b andb 631b indicated theb loss ofb theb two hexoses 
from theb structure ofb compound 2. Theb daughter ions at 
m/zb631bandb455bconfi rmed thebpresence ofbhexuronic acid-
-oleanolic acid andboleanolic acid, respectively. Taking into 
account thebabove elucidations, compound 2bwas identifi ed 
as Act-Hex-Hex-HexUA-oleanolic acid. Thebcompound 2bhas 
been never identifi ed inbB. vulgaris L. cv. Red Sphere but was 
identifi ed inbNochowski cv. bybMikołajczyk-Bator etbal. [2016]. 
Moreover, compound 2bwas thoroughly described using NMR 
bybYoshikawa etbal. [1996] who named it betavulgaroside V.

FIGURE 3. ESI-MS chromatograms ofbsaponins analysed inbthebfractions (1–12) separated from thebextract ofbB. vulgaris L. cultivar Red Sphere 
bybHSCCC.
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HSCCC separation ofbsaponins
Theb crude extract (300b mg) was  fractionated 

byb thebHSCCC technique andb 12b fractions were collected 
andb analysed byb LC-DAD-ESI-MS/MS analysis (Table 2, 
Figures 1–3). 

ThebHSCCC separation monitored at 210bnm (Figure 2) 
was realized inbabnew solvent system TBME-BuOH-ACN-H2O 
(1:2:1:5, v/v/v/v) inb ab head-to-tail mode which corresponds 
to theb reversed-phase mode inbHPLC.bSaponins were pre-
viously separated bybHSCCC technique inbabsolvent system 
TBME-BuOH-ACN-H2O (1:3:1:5, v/v/v/v) showing retention 
ofb theb stationary phase amounting to 35% [Thakur etb al., 
2014], therefore, abnew solvent system with higher retention 
was prepared. After thebseparation inbthebnew solvent system, 
theb retaining amount ofbstationary phase inb thebcoil-system
was calculated to beb47%. Elution order andbseparation ef-
fectiveness ofbsaponins inbthebHSCCC andbthebC18breversed-
-phase HPLC were compared inb order to demonstrate 
thebcomplementarity ofbthese techniques. 

Thebmost polar HexUA-Hex-HexUA-oleanolic acid (1) with 
thebpseudomolecular ion [M-H]- at m/zb969bwas eluted inbfrac-
tions 8–10b andb itb was completely separated from Act-Hex-
-Hex-HexUA-oleanolic acid (2) with thebpseudomolecular ion 
at m/zb1117. Separation ofbcompounds 1bandb2bwas not pos-
sible inbthebHPLC system applied due to their identical retention 
times, therefore, HSCCC allowed for their complete separation. 

Likewise, compounds Act-Hex-Hex-HexUA-oleanolic 
acid (2) andbAct-Hex-Pen-HexUA-oleanolic acid (3) differed 
bybtheir elution profi les inbthebHPLC andbHSCCC technique. 
Compound 2 ([M-H]- at m/zb1117) andbcompound 3 ([M-H]- 

at m/zb1087) differed bybone sugar moiety. Compound 2bwith 
hexose inb theb structure as eluted later inb thebHSCCC than 
compound 3bwith pentose. Different elution profi les ofbcom-
pounds 2b andb3b inb thebHPLC andb thebHSCCC mad their 
complete separation feasible. 

Similar structures for Diox-Hex-HexUA-oleanolic acid 
(4) ([M-H]- at m/zb953) andbPen-Hex-HexUA-oleanolic acid 
(5) ([M-H]- at m/zb925) presumably contributed to their co-
elution inb thebHPLC system. Compound 4bconsisted ofbdi-
oxolane-type substituent, whereas compound 5b consisted 
ofbabpentose. Thebelution order ofbcompounds 4bandb5bwas 
identical inbthebHPLC andbthebHSCCC but thebHSCCC tech-
nique enabled their quite effective separation. 

Abcomplete separation ofbPen-Hex-HexUA-oleanolic acid 
(5) ([M-H]- at m/zb925) andbAct-Hex-HexUA-oleanolic acid 
(6) ([M-H]- at m/zb955) was observed inbspite ofbtheir similar 
chromatographic properties indicated inb thebC18-HPLC sys-
tem. Thebdifference inbthebstructure consists inbthebpresence 
ofbthebacetal-type substituent inbcompound 6binstead ofbpen-
tose inbcompound 5. Thebpresence ofbthebacetal-type substitu-
ent presumably contributed to thebfaster elution ofbcompound 
6binbcomparison to compound 5binbthebHSCCC system. Simi-
larly, thebseparation ofbthebcompounds 5bandb6bbybHSCCC 
andbHPLC also proves thebcomplementarity ofbthebtwo sepa-
ration systems.

Thebprincipal compound present inbthebextract, Act-Hex-
-HexUA-oleanolic acid (6) ([M-H]– at m/zb955), differed from 
Diox-Hex-HexUA-oleanolic acid (4) andb Diox-Hex-Hex-
UA-oleanolic acid (7) ([M-H]– at m/zb953) byb thebpresence 

ofbacetal-type substituent inbcompound 6b instead ofbdioxo-
lane-type substituent inbcompound 4bandb7. Thebdifferences 
inbthebstructures translated into their properties during sepa-
ration byb thebHSCCC technique. Acetal-type saponin (Act-
Hex-HexUA-oleanolic acid, compound 6) was eluted faster 
than Diox-Hex-HexUA-oleanolic acid (compounds 4bandb7).

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

at m/zb 793) which was present mainly inb theb fractions 
11bandb12bwas very effective. This saponin only partially co-
eluted with HexUA-Hex-HexUA-oleanolic acid inb fraction 
10binbthebHSCCC. 

Act-Hex-HexUA-oleanolic acid (9) ([M-H]- at m/zb 955) 
andbPen-Hex-HexUA-oleanolic acid (10) ([M-H]- at m/zb925), 
similarly to compounds 5bandb6, were completely separated 
byb thebHSCCC according to differences inb their structures 
(acetal-type substituent andbpentose, respectively). Similari-
ties can also bebseen inbthebelution order. 

Furthermore, comparison ofb theb elution order of 
Act-HexUA-oleanolic acid (11) ([M-H]- at m/zb 793) and
Pen-HexUA-oleanolic acid (12) ([M-H]- at m/zb763) confi rmed 
that thebacetal-type saponins are eluted faster inbthebHSCCC 
system than thebpentose-type saponins. Because compounds 
11b andb 12b are closely related, their complete separation 
bybHSCCC was impossible. Thebseparation ofbthese saponins 
could beb feasible inbhighly polar solvent systems with salts 
[Spórna-Kucab etbal., 2013a]. 

HexUA-oleanolic acid (13) ([M-H]- at m/zb631), eluted as 
theblast saponin inbthebHPLC, was not completely separated 
byb thebHSCCC technique but its different elution profi les 
inbthebHPLC andbthebHSCCC systems afford thebpossibility 
for its recovery using both techniques. 

CONCLUSION

Inbthis study, separation ofbsaponins from B. vulgaris L., 
cultivar Red Sphere, has been realized for thebfi rst time using 
high-speed counter-current chromatography inbabnew solvent 
system consisting ofb tert-butyl-methyl ether-butanol-aceto-
nitrile-water. Thebpreviously described [Thakur etbal., 2014] 
solvent system for thebseparation ofbsaponins bybthebHSCCC 
had much lower retention ofb theb stationary phase, there-
fore, thebnew solvent system had been prepared. Separation 
andbconcentration ofbthebcompounds during thebHSCCC pro-
cess enabled tentative identifi cation ofb13bsaponins bybMS/MS 
technique. Nine saponins were detected for theb fi rst time 
inbB. vulgaris L. cv. Red Sphere. Additionally, saponin with 
thebpseudomolecular ion [M-H]- at m/zb969bhas been tenta-
tively identifi ed for thebfi rst time andbits possible structure has 
been proposed. 

Analysis ofb thebsaponin 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, theb saponins differed inb theb elution order 
inb thebHPLC andbHSCCC systems, therefore, their elution 
inbHSCCC isbrather dependent on thebsteric conditions than 
on polarity. Thebcombination ofbthebHPLC andbHSCCC re-
sults inbcomplementary elution orders andbmakes them abvery 
versatile tool for theb isolation ofbsaponins which may open 
up thebpossibility ofbutilizing these compounds commercially. 
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