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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-
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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 AND METHODS

Material and its 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 and storage 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 of total 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 by HPLC-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 of bioactive 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 of organic acids and ethanol 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 of microbial 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 AND DISCUSSION

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 in fermented 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 (p0.05).
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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 of 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 and ethanol
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 (p0.05)
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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 (p0.05) 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 
(p0.05).
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