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The aim of this study was to determine the profile of phenolic acids and flavonoids in red beetroot products and these compounds fate in the hu-
man body after long-term exposure to fermented red beet juice. Phenolic acids and flavonoids were analyzed by HPLC-MS/MS. The performed
analysis revealed that beetroot and its products were the notable sources of phenolic acids and flavonoids, with isoferulic acid, protocatechuic acid,
epicatechin, and apigenin predominating among the twenty compounds detected. However, the compounds analyzed appeared mainly in the bound
form in the fresh material. The results obtained indicate that the fermentation process caused an increase in the content of free phenolic acids and re-
duced the content of conjugated phenolic acids. Contrarily to phenolic acids, the same process caused a reduction in the content of free flavonoids
and an increase in the content of conjugated flavonoids. Moreover, the 14-day spontaneous fermentation process resulted in a significant reduction
(by 45.18%) in the total content of phenolics (phenolic acids and flavonoids). However, it was observed that forty-two days of the regular intake
of the fermented beetroot juice (200 mL/60 kg body weight) generally did not affect concentrations of phenolic acids and flavonoids in the volunteers’

body fluids compared to their concentrations in fluids before fermented beetroot juice consumption.

INTRODUCTION

Red beetroot (Beta vulgaris L. subsp. vulgaris) is a great
source of minerals (such as manganese, iron, potassium,
magnesium, and cobalt), vitamins B and C as well as a num-
ber of bioactive substances such as polyphenols, carotenoids,
nitrate, and betalains. Due to the high contents of these
phytochemicals, beetroot is in the top of ten vegetables with
the most powerful antioxidant influence [Carrillo et al., 2017,
Raikos er al., 2016]. Additionally, these features may deter-
mine the other biological aspects of beetroots. It has been
suggested that red beet has anti-neurodegenerative, antitu-
mor, anti-inflammatory, antibacterial, antiviral, cardioprotec-
tive, and lipid peroxidation inhibitory activities [Clifford et al.,
2015]. For these reasons, consuming red beetroot might have
beneficial effects on human and animal organisms.

Beetroot is eaten fresh and after cooking. In addition, this
raw material is used in the processing industry for the produc-
tion of drinking and concentrated juices, frozen foods, dried
fruit, lyophilizate, and for the production of natural red dyes
[Chhikara et al., 2019]. One of the technological processes
used in the food industry is fermentation, which involves
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the use of transformations occurring under the influence of en-
zymes produced by yeast and bacteria. During the fermenta-
tion process, in addition to basic end products, additional nu-
trients are produced and toxins removed. What is more, lactic
acid bacteria found in all non-heat treated fermented foods
have a positive effect on digestive health [Hasan et al., 2014].
It is so important, therefore, to determine to what extent an
applied technological process affects the profile and content
of biologically active compounds of vegetables and fruits.
Phenolics compounds, which include flavonoids and phe-
nolic acids, are very important secondary metabolites
of plants and have highly varied structures and properties.
In addition, numerous studies point to their strong antioxi-
dant activities [Saxena et al., 2012]. Moreover, long-term
consumption of diets rich in biologically active polyphenols
provides protection against the development and progression
of lifestyle diseases such as cardio- and cerebrovascular dis-
eases, cancer, diabetes or neurodegenerative diseases [Pandey
& Rizvi, 2009]. Previous studies have indicated the absorp-
tion of phenolic acids and flavonoids by animal and human
organisms and the occurrence of native and conjugated forms
in their body fluids [Wiczkowski et al., 2008]. It should be not-
ed, however, that the consumption of bioactive foods is not
synonymous with good bioavailability and the potentially
protective effect on the human body. To verify whether bioac-
tive compounds can have a positive effect on the human body,
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at first should be determined the bioavailability and structure
of the compounds that occur in the body fluids after the con-
sumption of foods rich in bioactive substances [Rein ef al.,
2013]. In this context, the aim of this study was to analyze
the profile and content of red beetroot phenolics (phenolics
acids and flavonoids) in red beetroot products (fresh roots,
fermented roots, and commercial fermented red beet juice)
and whether the long-term and regular consumption of red
beetroot affects the profile and concentration of phenolics
in blood plasma and urine of volunteers.

MATERIALS AND METHODS

Chemicals and reagents

Water, methanol, acetonitrile, formic acid, and 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, frans-cinnamic acid, vi-
texin, rutin, epicatechin, luteolin, quercetin, apigenin, kaemp-
ferol, and orientin were purchased from Sigma Chemical Co.
(St. Louis, MO, USA) and Extrasynthese (Genay, France).

Research materials and processes

Healthy red beetroots (3 kg), with no signs of mechani-
cal damage, were acquired from the local market in Olsztyn
(Poland). Next, the roots were cleaned, mixed, and divided
into two groups: fresh roots and roots for the fermentation
process. Commercially fermented red beetroot juice was ob-
tained from Zaktad Przetworstwa Owocowo-Warzywnego
VITAPOL Sp. J. M. T. Ciszkiewicz, Podkowa Lesna, Poland
(Eng. Fruit and Vegetable Processing Plant VITAPOL Sp.
J. M. T. Ciszkiewicz).

Fresh roots

The red beetroots assigned to the fresh group (1.5 kg)
were cut into four parts, then two opposite quarters were fro-
zen at -80°C, lyophilized, pulverized, and stored at -80°C until
analysis of the profile and content of phenolic acids and fla-
vonoids.

Fermentation process

The spontaneous fermentation process was conducted ac-
cording to the method described by Sawicki & Wiczkowski
[2018]. Briefly, the whole roots (1.5 kg) were cut into 2-3 mm
thick slices. Then, the root slices were placed in a stone-
ware dish and submerged in a properly prepared marinade
(1.5 L water, 12 g salt, and 12 g sugar). The materials ob-
tained were thoroughly mixed, and three independent fermen-
tations were started. The process was carried out over two
weeks in the dark at a constant temperature of 23°C until
the pH stabilized. The pH was measured once a day using
a pH-meter PHMS85 (Radiometer, Copenhagen, Denmark),
and the pH values obtained, ranging from 7.02+0.02 (fresh
juice) to 3.63+0.012 (after a 14-day fermentation process),
clearly showed that the process was conducted properly. Af-
ter 14 days, the spontaneous fermentation process ended,
and the fermented red beetroots (200 g) were collected from

each stoneware pot and frozen. Next, the roots were lyophi-
lized, pulverized, and stored at -80°C until analysis.

Subjects and study design

Samples of blood plasma and urine were obtained from
volunteers who participated in a 42-day non-clinical medical
study with an experimental diet. The study was led in accor-
dance with the ethical principles of the Declaration of Hel-
sinki, and the study protocol was accepted by the Bioethical
Committee at the Faculty of Medical Science of the Univer-
sity of Warmia and Mazury in Olsztyn (Poland, No. 7/2015).
All volunteers were fully informed about the study and signed
an informed consent form. Moreover, the study was carried
out in the NZOZ Atarax Clinic in Olsztyn, Poland under
medical supervision.

Men (5) and women (19) between 24 and 40 years of age
participated in the experiment. Inclusion criteria were as fol-
lows: they had to be certified healthy at a medical interview, have
a body mass index (BMI) under 30, and have no gastrointes-
tinal disturbances, including gastric and duodenal ulcers; they
could not participate in other clinical trials within 90 days prior
to the survey, take drugs, abuse alcohol, be pregnant and breast-
-feeding, or take any medications or vitamin supplements.

During the 7 days before starting the experimental diet,
the volunteers followed their everyday diet while excluding all
products obtained from red beet (red beets, strawberry yo-
gurt, strawberry ice cream, fruit juice, wine, and other prod-
ucts containing E162 dye) to eliminate the main compounds
within their systems originating from this vegetable. Then, for
42 days, once a day, directly after breakfast, the volunteers
drunk a dose of the fermented beetroot juice (200 mL/60 kg
body weight). All volunteers included in the study visited
NZOZ Atarax every 7 days to have their health status evalu-
ated and to receive the juice of fermented beetroot for the next
7days. Under fasting conditions, before consumption (sample
zero) and after 7, 21, and 42 days of daily consumption of fer-
mented beet juice, elbow or forearm vein blood samples were
taken in heparinized vacutainers, and the blood obtained was
centrifuged (500% g, 15min, 1000 % g, 10min, 4°C, MPW-351R
Centrifuge, MPW-Med. Instruments, Warsaw, Poland). In
addition, according to the above sampling scheme (0, 7, 21,
and 42 days), urine samples were collected from the volun-
teers. Thereafter, the separated plasma and collected urine
were frozen and stored at -80°C until analysis.

Extraction of free forms of phenolic acids and flavonoids

The profile and content of phenolic acids and flavonoids
were analyzed according to the method described by Wicz-
kowski et al. [2016], with some modifications. Extracts from
fresh and fermented red beetroots were prepared. About
0.15 g of each solid sample were extracted with 1 mL of a mix-
ture of methanol/water/formic acid (80/19.9/0.1;v/v/v) by stir-
ring overnight (about 24 h) at 10°C using a ThermoMixer
(Benchmark Scientific, Saryeville, NJ, USA). The solutions
were centrifuged (13,200 x g, 20 min, 4°C, Centrifuge 5415R,
Eppendorf, Hamburg, Germany) and the supernatants
were combined into 1-mL volumetric flask. The volume was
brought up to 1 mL with distilled water. The obtained extracts
were stored at -80°C until analysis.



N. Platosz et al.

57

For HPLC-MS/MS analysis, extracts from fresh and fer-
mented red roots as well as fermented red beetroot juices,
blood plasma and urine were prepared according to the fol-
lowing procedure: samples of fresh (100 L), fermented red
roots (100 pL), commercial fermented juice (100 xL), blood
plasma (200 L), and urine (100 uL) were transferred to
15-mL glass test-tubes and next evaporated to dryness un-
der a nitrogen atmosphere at 30°C. The sediments obtained
were dissolved in 400 pL of distilled water, acidified to pH 2,
were extracted by vortexing (60 s) and sonication (60 s). Next,
the free forms of phenolic acids and flavonoids were extract-
ed three times with 2 mL of diethyl ether by vortexing (60 s)
and sonication (60 s) (VC 750, Sonics & Materials Inc., New-
town, CT, USA). After centrifugation for 10 min (3,000 g,
4°C, Centrifuge, Beckman, Indianapolis, IN, USA) the sepa-
rated ether layer was collected and evaporated to dryness with
a stream of nitrogen at 30°C. The extraction procedure with
diethyl ether was repeated three times and the organic lay-
ers were combined. The dried samples were stored at -80°C
until analysis. The remaining aqueous extracts were left for
about 10 min under nitrogen to remove residual diethyl ether
and then stored in sealed test tubes at 4°C until the extraction
of phenolic acids and flavonoids released from soluble esters.

Extraction of phenolic acids and flavonoids released
from soluble esters

Next, 1 mL of 4 M NaOH was added to the aqueous ex-
tracts remaining from the extraction of free forms of phenolic
acids and flavonoids. The mixture was placed in a nitrogen
atmosphere and hydrolyzed for 4 h at room temperature us-
ing a magnetic stirrer. The solutions were then adjusted to
pH 2 with 6 M HCI. Liberated phenolic acids and flavonoids
were extracted three times with 2 mL of diethyl ether by vor-
texing (60 s) and sonication (60 s), and then centrifuged
(3,000x g at 4°C, 10 min). The organic layers were collected,
combined, and evaporated to dryness with a stream of nitro-
gen at 30°C. The remaining aqueous extracts were left for
about 10 min under nitrogen to remove residual diethyl ether
and then were stored in closed tubes at 4°C until the extrac-
tion of phenolic acids and flavonoids released from soluble
glycosides.

Extraction of phenolic acids and flavonoids released
from soluble glycosides

After alkaline hydrolysis, acid hydrolysis was performed
by adding 0.2 mL of 6 M HCl into the test tube and incuba-
tion in a Heat Block (Benchmark Scientific, Saryeville, NJ,
USA) at 100°C for 60 min. Next, the samples were cooled,
adjusted to pH 2 with 8 M NaOH, and handled in the same
manner as after alkaline hydrolysis.

Chromatographic analysis

The dry residues containing free phenolic compounds,
as well as the compounds released from ester and glycosidic
bonds (fresh and fermented red roots, commercial ferment-
ed juice, blood plasma, and urine) were dissolved in 100 pLL
of 80% (v/v) methanol containing 0.95% (v/v) formic acid,
centrifuged (13,200 g at 4°C, 20 min), and analyzed by us-
ing the HPLC system (LC-200, Eksigent, Vanghan, ON,

TABLE 1. Phenolic acids and flavonoids identified in fresh and fermented
beetroot, commercial fermented red beet juice, as well as in blood plasma
and urine of the volunteers.

R | IM]-| MS/MS
No | Compounds (min)| (m/z) (m/z) Sample
Phenolic acids

1 Protocatechuic acid 094 153 91/81 Bi)FiJJ’
L B,EJ,

2 m-Hydroxybenzoic acid 0.99 137 93/65 PU
3 Chlorogenic acid o 353 aoiry PR
4 Caffeic acid L4 19 wsnor BES
5 Syringic acid 1.06 197 182/153 Bi,FiJJ’
6  Sinapic acid 113223 2080179064 BLS
7 Ferulic acid .15 193 178/134 B.EJ,

P U
8  Isoferulic acid 120 193 178/134 B,EJ,
9  p-Coumaric acid 1.22 163 119/93 Bi,FiJJ’
L B,EJ,

10 p-Hydroxybenzoic acid 1.28 137 98/93 PU
3.4-Dihydroxyphenylacetic B, EJ,

11 acid 1.30 169  125/109/95 PU
. L B,EJ,

12 trans-Cinnamic acid 1.35 147 119/109/103 PU

Flavonoids

13 Vitexin 1.00 431 323/311/283 B,EJ
14 Rutin 1.02 609 463/301 B,EJ
. . B,EJ,

15  Epicatechin 1.04 289 245/203/109 PU
- B.EJ,

16 Luteolin 1.26 285 151/133 PU
17 Quercetin 1.27 301 179/151 B.EJ,

P U
18 Apigenin 133 260 557 BES
19 Kaempferol 1.35 285 185/93 Bi,FiJJ’
20  Orientin 1.95 447 357/339/296 B,EJ

R - retention time; B - fresh beetroot; F — fermented beetroot; J — com-
mercial fermented red beet juice; P — blood plasma; U - urine.

Canada) coupled with a mass spectrometer (QTRAP 5500,
AB Sciex, Vaughan, ON, Canada) consisting of a triple quad-
rupole, ion trap, and ion source of electrospray ionization
(ESI). The chromatographic separation was conducted with
an HALO C ; column (50 mm X 0.5 mm x 2.7 um, Eksigent,
Vaughan, ON, Canada) at 45°C, at the flow rate of 15 wL/min.
The elution was conducted using a solvent gradient system
consisting of solvent A (0.9% (v/v) formic acid aqueous so-
lution) and solvent B (0.9% (v/v) formic acid acetonitrile
solution). The gradient used was as follows: 0.5% B for
0.5 min, 0.5-90% B in 1.5 min, 90% B for 0.5 min, 90-0.5%
Bin 0.2 min, and 0.5% B for 0.3 min. An optimal identification
of the analyzed phenolic acids and flavonoids was achieved
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under the following ESI-MS/MS conditions: negative ioniza-
tion, curtain gas: 20 L/min, collision gas: ion spray voltage:
5300V, temperature: 350°C, 1 ion source gas: 35 L/min, 2 ion
source gas: 30 L/min, declastering potential: 100 V, entrance
potential: 10 V, collision energy: 40 eV, and collision cell exit
potential: 20 V. Identification and quantitation of the phe-
nolic acids and flavonoids were based on the comparison
of their retention times and the presence of the respective
parent and daughter ion pairs (Multiple Reaction Monitoring
method, MRM) (Table 1) with data obtained after analysis
of the authentic standards. The external standards (0.01-
-0.5 pg/mL) had linear calibration curves with a coefficient
of determination of 0.997-0.999. The concentrations of in-
dividual phenolics were expressed as concentrations of their
free and conjugated forms (a sum of phenolics released from
ester and glycosidic bonds) of phenolic acids or flavonoids.
The results were expressed in wg/g dry matter (dm) of fresh
and fermented red beetroot, and in ug/mL of red beetroot
juice, blood plasma, and urine. All analyses were performed
in triplicate for each sample.

Statistical analyses

The data are presented as the mean=the standard devia-
tion (SD). Statistical differences among the samples were
tested using one-way ANOVA with the Tukey’s test. Differ-
ences were considered significant at P<0.05. The statistical
analysis was performed using the Statistica software (Stat
Soft, Tulsa, OK, USA).

RESULTS AND DISCUSSION

Profile and content of phenolic acids and flavonoids
in red beet products

In the fresh and fermented red beetroots as well as
in the commercial fermented red beet juices, twelve phenolic
acids were found (Table 1). Four of the identified phenolic
acids were hydroxybenzoic acid derivatives (protocatechuic,
m-hydroxybenzoic, syringic, and p-hydroxybenzoic acids),
while seven phenolic acids belonged to the hydroxycinnamic
acid derivative classification (chlorogenic, caffeic, sinapic,
ferulic, isoferulic, p-coumaric, and trans-cinnamic acids),
and one phenylacetic acid derivative (3,4-dihydroxyphenyl-
acetic acid) was detected as well. Previously published data
have also shown the presence of derivatives of hydroxyben-
zoic acid (protocatechuic acid, p-hydroxybenzoic acid, syrin-
gic acid, vanillic acid) and hydroxycinnamic acid (chlorogenic
acid, caffeic acid, ferulic acid, coumaric acid, cinnamic acid)
in red beetroot products [Mattila & Hellstrom, 2007; Geor-
giev et al., 2010; Ravichandran er al., 2012; Vuli¢ et al., 2014;
Ben Haj Koubaiereral., 2014; Székely et al., 2014; Wruss et al.,
2015; Degirmencioglu et al., 2016]. To the best of our knowl-
edge, our study is the first to show the full profile of phenolic
acids in red beetroot products. Moreover, this is the first study
that identifies phenylacetic acid derivative in these products.

The main compound among the phenolic acids in the fresh
and fermented red beetroot analyzed was isoferulic acid
(88.9% and 61.9% of the total phenolic acids, respectively)
(Table 2). Furthermore, in the fresh roots, the second most
dominant compound was syringic acid, followed by ferulic,

p-coumaric, and sinapic acids. On the other hand, in ferment-
ed beetroot, the second major compound was protocatechuic
acid, followed by sinapic, ferulic, caffeic, and p-coumaric
acids. Interestingly, in contrast to the fresh and fermented
red beetroot, the main compound detected in the commer-
cial fermented red beetroot juice was protocatechuic acid.
Its total content was at 0.979 pg/mL (30.7% of the total
phenolic acids in the fermented red beetroot juice). In addi-
tion, frans-cinnamic acid was the second major compound,
followed by isoferulic, p-hydroxybenzoic, m-hydroxybenzoic,
syringic, and sinapic acids (Table 2). Interestingly, the re-
sults we obtained are significantly different from those avail-
able in the literature. The available data show that the major
phenolic acids in solid red beetroot were p-hydroxybenzoic
acid [Ravichandran et al., 2012], caffeic acid [Georgiev et al.,
20101, and vanillic acid [Ben Haj Koubaier et al., 2014]. On
the other hand, in liquid red beet products, the dominant
compound was gallic acid (fresh juice) [Wruss et al., 2015],
while in fermented juice, the main detected acid was vanillic
acid [Degirmencioglu et al., 2016].

The results of the study showed that the fermenta-
tion process resulted in a change in phenolic acid content.
In our research, contents of the hydroxybenzoic acid de-
rivatives  (protocatechuic, m-hydroxybenzoic,  syringic,
and p-hydroxybenzoic acids) and hydroxycinnamic acid
derivatives (chlorogenic, caffeic, sinapic, ferulic, isoferulic,
p-coumaric, and frans-cinnamic acids) in the fresh roots were
at 1.55+0.00 ug/g dm and 30.66%=0.00 ug/g dm, respectively.
However, the content of the detected phenylacetic acid deriva-
tive (3,4-dihydroxyphenylacetic acid) in fresh roots approxi-
mated the limit of detection. As in the case of fresh beetroot,
in fermented red beetroot, the content of hydroxycinnamic
acid derivatives was much higher (14.22+0.01 ug/g dm) than
of the hydroxybenzoic acid derivatives (3.27+0.00 ng/g dm).
In general, phenolic acids in fresh, as well as in fermented
beetroot, appeared mostly in bound forms (31.79+0.01 ug/g
dm and 16.40=0.01 ug/g dm) compared with the presence
the free forms (0.42+0.00 ug/g dm and 1.11+0.00 ug/g dm,
respectively). It is important to note that the fermentation
process resulted in a 2.64-fold increase in the content of free
phenolic acids, including: sinapic, isoferulic, p-coumaric,
p-hydroxybenzoic, and trans-cinnamic acids, but caused no
changes in the proportion of free protocatechuic, m-hydroxy-
benzoic, chlorogenic, syringic, and 3,4-dihydroxyphenylace-
tic acids. A decrease in the proportion of the free forms af-
ter the fermentation treatment was observed only in the case
of ferulic acid. The fermentation of red beetroots affected also
contents of the bound forms of phenolic acids. The process
applied increased the proportion of the conjugated proto-
catechuic, m-hydroxybenzoic, chlorogenic, caffeic, sinapic,
ferulic, p-coumaric, p-hydroxybenzoic, and 3,4-dihydroxy-
phenylacetic acids (Table 2). Chlorogenic and 3,4-dihydroxy-
phenylacetic acids in fresh beetroot roots were at the limit
of detection. In fermented roots, chlorogenic acid accounted
for only 0.1% of total phenolic acids and was found only
in the bound form (after alkaline and acid hydrolysis). The low
level of chlorogenic acid and detection of this compound after
hydrolysis may be due to the fact that chlorogenic acid occurs
in the larger structures (polysaccharides, lignins) in the red
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TABLE 2. Content and contribution of phenolic acids and flavonoids in red beet products.

Red beet products
No | Compounds Form Fresh Fermented Commercial juice
ug/g dm % ug/g dm % ug/mL %
Phenolic acids
o F 0.000 0.0 0.000 0.0 0.016 0.5
1 Protocatechuic acid
C 0.258 0.8 2.644 15.1 0.963 30.2
o F 0.000 0.0 0.000 0.0 0.029 0.9
2 m-hydroxybenzoic acid
C 0.097 0.3 0.070 0.4 0.144 4.5
o F 0.000 0.0 0.000 0.0 0.003 0.1
3 Chlorogenic acid
C 0.000 0.0 0.018 0.1 0.022 0.7
o F 0.000 0.0 0.525 3.0 0.016 0.5
4 Caffeic acid
C 0.258 0.8 0.263 L5 0.185 5.8
o F 0.000 0.0 0.000 0.0 0.041 1.3
5 Syringic acid
C 0.934 2.9 0.263 L5 0.102 3.2
L F 0.000 0.0 0.018 0.1 0.003 0.1
6 Sinapic acid
C 0.387 1.2 1.033 5.9 0.096 3.0
o F 0.193 0.6 0.018 0.1 0.041 1.3
7 Ferulic acid
C 0.612 1.9 1.016 5.8 0.045 1.4
o F 0.193 0.6 0.438 2.5 0.102 32
8  Isoferulic acid
C 28.441 88.3 10.401 59.4 0.360 113
o F 0.000 0.0 0.018 0.1 0.003 0.1
9  p-coumaric acid
C 0.483 LS 0.368 2.1 0.035 1.1
F 0.032 0.1 0.035 0.2 0.070 22
10 p-hydroxybenzoic acid
C 0.225 0.7 0.263 L5 0.211 6.6
) o F 0.000 0.0 0.000 0.0 0.000 0.0
11 3.4-dihydroxyphenylacetic acid
C 0.000 0.0 0.018 0.1 0.029 0.9
) o F 0.000 0.0 0.053 0.3 0.086 2.7
12 trans-cinnamic acid
C 0.097 0.3 0.053 0.3 0.587 18.4
Total content 32.21+0.01% 100% 17.51=0.01%* 100% 3.19x0.00* 100%
Flavonoids
o F 0.001 0.1 0.001 0.2 0.002 0.3
13 Vitexin
C 0.020 2.5 0.036 6.1 0.023 29
) F 0.001 0.1 0.001 0.1 0.002 0.3
14 Rutin
C 0.017 2.1 0.013 22 0.037 4.6
) ) F 0.001 0.1 0.001 0.1 0.005 0.6
15 Epicatechin
C 0.253 31.3 0.202 34.1 0.034 4.2
. F 0.000 0.0 0.000 0.0 0.002 0.2
16 Luteolin
C 0.015 1.9 0.004 0.7 0.138 17.1
) F 0.023 2.9 0.002 0.4 0.009 1.1
17 Quercetin
C 0.133 16.4 0.098 16.5 0.023 2.9
o F 0.008 1.0 0.008 1.4 0.015 1.9
18  Apigenin
C 0.121 14.9 0.153 25.8 0.135 16.8
F 0.002 0.2 0.001 0.2 0.006 0.8
19 Kaempferol
C 0.192 23.7 0.036 6.0 0.161 20.0
o F 0.000 0.0 0.002 0.3 0.021 2.6
20 Orientin
C 0.022 2.7 0.035 5.9 0.191 23.7
Total content 0.810.00* 100% 0.59=0.00"* 100% 0.81=0.00* 100%
Total phenolics content 33.02+0.01% 18.10=0.01%* 4.00x0.00*

*Data are expressed as mean=SD (n=3). Means in line related to a total content of phenolic acids, flavonoids and phenolics which characterized

by the different letters are significantly different (P<0.05).

F - free forms of phenolic acids or flavonoids; C - conjugated forms of phenolic acids or flavonoids released from soluble esters and glycosides;
dm - dry matter.
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beetroot matrix or that the hydrolysis process might have not
been sufficiently effective. In contrast, the fermentation pro-
cess decreased the contribution of the conjugated forms of sy-
ringic and isoferulic acids by 48.28% and 32.73% of total phe-
nolic acids, respectively. Moreover, no changes were observed
in the conjugated form of frans-cinnamic acid. The propor-
tion of the free phenolic acids in fermented red beet juice was
12.9% (0.41+0.00 pwg/mL), while the proportion of the con-
jugated phenolic acids was 87.1% (2.78+0.00 wpg/mL).
In general, the obtained results indicate that the fermentation
process caused an increase in the proportion of free pheno-
lic acids and reduced the proportion of conjugated pheno-
lic acids in the phenolic acids profile. The proportion of free
and bound phenolic acids in the fresh red beetroot is consis-
tent with the results obtained by Mattila & Hellstrom [2007].
In the cited study, phenolic acids in fresh and pickled red beet-
root were found mainly in the bound form, however the pick-
ling process caused an increase in the amount of free phenolic
acids [Mattila & Hellstrom, 2007]. Furthermore, according to
our results, lactic acid fermentation caused different changes
in the contents of the free and bound forms of hydroxyben-
zoic, hydroxycinnamic, and phenylacetic acid derivatives. As
presented above, the lactic acid fermentation caused not only
an increase in the content of the free forms of hydroxyben-
zoic, hydroxycinnamic, and phenylacetic acid derivatives, but
also a decrease or no changes in the case of some compounds
in fermented red beetroot. Similar observations were made
for the conjugated forms. The same process not only reduced
the content of the conjugated form of certain compounds but
also, in some cases, caused an increase or did not show any ef-
fect on the content of other compounds. The results obtained
in our study are in line with those obtained by Manach et al.
[2004]. The cited authors reported that hydroxycinnamic ac-
ids frequently occurred in the form of simple esters with quinic
acid or glucose in fruits and vegetables. In contrast, hydroxy-
benzoic acid derivatives have been shown to occur mainly
in the form of glucosides, which reduces their availability to
organisms. Fermentation is one of the food processes that
increases the release of the conjugated phenolics, which was
observed in our study [Shrestha et al., 2010; Hur ef al., 2014;
Huynh et al., 2014]. Research carried out by Degirmencioglu
et al. [2016] showed that microorganisms involved in the fer-
mentation process had the ability to breakdown the food
matrix, thereby releasing associated phytochemicals, which
agrees with our data. However, the increased content of free
phenolic acids may be related to p-glucosidase activity, an
enzyme produced by microbial starter cultures that are used
in the fermentation process. -Glucosidase can release phe-
nolic acids that are conjugated to sugars and glycosides
by hydroxyl groups bound to cell-wall structural components.
Breaking these bonds contributes to the release of conjugated
phenolic acids by loosening the cell wall and thus increases
the availability of phenolic acids in red beet products [Acosta-
-Estrada et al., 2014].

In the present study, the fresh roots were character-
ized by a statistically significantly (P<0.05) higher content
of phenolic acids compared to the fermented roots (Table 2).
The fermentation process of red beetroots led to a reduction
in the total phenolic acids content by approximately 45.6%.

Moreover, the total concentration of the phenolic acids in fer-
mented beetroot juice was 3.19+0.00 ug/mL. There are few
available data on the total content of phenolic acids in fresh
and fermented red beetroot. The results obtained in our study
are consistent with these reported by Guldiken et al. [2016],
according to which, the content of total phenolic acids in pick-
led red beetroot was 25% lower than that of fresh beetroot.
According to Svensson et al. [2010], the reduction in the to-
tal content of phenolic acids after the fermentation process
can be attributed to the activity of the phenolic acids’ decar-
boxylases and reductases. Interestingly, Mattila & Hellstrom
[2007] observed that the pickling process did not seem to de-
stroy phenolic acids in the product of red beetroots. However,
in the case of fermented beetroot juice, the study carried out
by Degirmencioglu e al. [2016] showed that the total concen-
tration of phenolic acids ranged from 34.35 to 59.91 ug/mL,
depending on the strain used for fermentation.

Another group of phenolic compounds identified
in the red beet products were flavonoids, including vitexin,
rutin, epicatechin, luteolin, quercetin, apigenin, kaempferol,
and orientin (Table 1). Previously published data have shown
the presence of flavonoids in red beetroot products. Geor-
giev et al. [2010] identified two flavonoids (catechin hydrate
and epicatechin) in extracts from red beetroots. In contrast,
Ben Haj Koubaier ef al. [2014] showed that the stems of red
beet contained four flavonoids (myricetin, quercetin, kaemp-
ferol and rutin), while no rutin was identified in the roots
of red beetroot. In contrast, Székely et al. [2014] did not
identify any flavonoids in the roots of different red beet cul-
tivars. However, Rembialkowska er al. [2011] identified six
flavonoids (rutin, quercetin glycoside, quercetin, kaempferol,
myricetin, and luteolin) in pickled red beetroot. Moreover,
in the case of fermented red beetroot juice, Degirmencioglu
et al. [2016] identified ten flavonoids (myricetin, quercetin,
kaempferol, rutin hydrate, naringenin, hesperidine, catechin,
epicatechin, and epigallocatechin). Interestingly, completely
different research results were obtained by Wruss et al. [2015].
They did not detect any flavonoids in juices prepared from
seven beetroot varieties. The authors explain the lack of iden-
tified flavonoids in red beetroot juices by the low concentra-
tion of these compounds in the juices obtained compared to
their concentration found in extracts prepared from dry mat-
ter samples. The different numbers of detected phenolics may
be due to the use of different parts of the roots and may also
depend on the species, variety, degree of maturity of the raw
material, harvest period and storage conditions, as well as
the vegetation season conditions [Wiczkowski et al., 2014; Sa-
wicki et al., 2016].

In the samples of fresh and fermented red beets we tested,
the dominant flavonoid was epicatechin (34.4% and 34.1%
of the total flavonoids content, respectively) (Table 2). Its
content in fresh red beetroot was 0.254 pg/g dm, while in fer-
mented beetroot it was 0.203 wg/g dm. The second major
compound among the flavonoids in the fresh roots analyzed
was kaempferol (0.194 ng/g dm), which accounted for 23.9%
of the total flavonoids. In the fresh red beetroot, we detected
a much higher content of quercetin (0.156 ug/g dm) and api-
genin (0.129 pg/g dm) than in the fermented beetroot, which
accounted for 19.3% and 15.9% of total flavonoids, respective-
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ly. The fresh red beetroot had also the lowest content of luteolin
(0.015 ug/g dm). In addition, in the fermented red beetroot,
apigenin (0.161 ug/g dm) was the second major compound,
followed by quercetin (0.100 ug/g dm). A much lower content,
compared to that of luteolin, apigenin, and quercetin in fer-
mented red beetroot, was detected for vitexin (0.037 ug/g dm),
kaempferol (0.037 wg/g dm), orientin (0.037 ug/g dm), and ru-
tin (0.014 pg/g dm). Likewise in the fresh roots, luteolin also
occurred in the lowest amount (0.004 pg/g dm) in the fer-
mented roots. In contrast with the fresh and fermented red
beetroots, the main flavonoid analyzed in the fermented red
beetroot juice was orientin. The total concentration of orientin
was 0.212 ug/mL (26.3% of the total flavonoids in the ferment-
ed red beetroot juice). In addition, kaempferol (0.167 pg/mL)
was the second major compound, followed by apigenin
(0.150 pg/mL) and luteolin (0.140 ug/mL). Lower concen-
trations of rutin (0.039 pg/mL), epicatechin (0.039 ug/mL),
and quercetin (0.032 ug/mL) were determined in red beet juice,
with thelowest concentration being thatof vitexin (0.025 wg/mL).
Our data differ from those reported in the literature. For in-
stance, Georgiev ef al. [2010] reported catechin hydrate to
be the major flavonoid in extracts from red beetroot, whereas
Ben Haj Koubaier ef al. [2014] showed that kaempferol was
the dominant flavonoid in the roots of red beet, while querce-
tin in the stems. Moreover, research carried out by Kazimierc-
zaket al. [2014] showed that quercetin was the main flavonoid
that occurred in fresh red beetroot. In the case of fermented
beet juice, the results are also variable. Research carried out
by Kazimierczak et al. [2014] showed quercetin-3-O-gluco-
side to be the major flavonoid of fermented beetroot juice,
while Degirmencioglu et al. [2016] found catechin and myric-
etin to be the dominant flavonoids in beetroot juice fermented
by Saccharomyces cerevisiae and Saccharomyces boulardii.
The fermentation process caused a reduction in the total
content of free form of flavonoids and an increase in their
conjugated form. The total content of free flavonoids in fresh
red beet was at 0.04=0.00 wg/g dm (4.4% of the total fla-
vonoids content), while after the fermentation process it de-
creased to 0.02+0.00 ug/g dm (2.7% of the total flavonoids
content). In contrast, the total content of conjugated flavo-
noids in fresh red beet was at 0.77+0.00 pg/g dm (95.6%
of the total flavonoids content), while after the fermentation
process it was 0.57x0.00 pg/g dm (97.3% of the total flavo-
noids content). However, the same process not only reduced
the content of the free form of certain compounds but also,
in some cases, caused a decrease or did not show any effect
on the content of other compounds. As presented in Table 2,
the application of the fermentation process caused a decrease
in the content of the free form of quercetin, and an increase
in the content of the free form of apigenin. In addition, no
changes were observed in the contents of free epicatechin, lu-
teolin, or kaempferol. It was also found that the fermentation
process increased the concentration of vitexin and orientin
while caused no changes in rutin concentration. For the con-
jugated forms of flavonoids, the fermentation process caused
an increase in the content of rutin, epicatechin, and querce-
tin. At the same time, it decreased contents of the conjugated
form of luteolin and kaempferol. In the case of the fermented
red beetroot juice, the proportion of free flavonoids was 7.8%

(0.06=0.00 ug/mL), while the proportion of conjugated fla-
vonoids was 92.2% (0.75%=0.00 ug/mL). The results obtained
show that fresh and fermented beetroot can be a good source
of flavonoids in an everyday diet. In contrast to phenolic ac-
ids, the application of the fermentation process decreased
the amount of free flavonoids. Likewise for phenolic acids,
the fermentation process may affect the ester and glyco-
sidic bonds and thus can contribute to changes in the con-
tent of flavonoids by releasing them from being bound to
the insoluble cell wall material [Svensson et al., 2010]. It may
be surprising that the conjugated forms of rutin, vitexin,
and orientin were found in fermented beet products, as they
ought to be hydrolyzed in the fermentation process. This
might be explained by the fact that C-glucosides of phenolics
do not undergo hydrolysis during fermentation. In the case
of rutin, similarly to chlorogenic acid, its presence in the an-
alyzed material after hydrolysis may be associated with
the loosening of the red beetroot matrix and releasing this
compound from larger structures it was incorporated into.
Changes in the profile of the flavonoids during fermentation
are mainly due to the activity of enzymes produced by a huge
variety of microflora, often uncharacterized. As a result
of the activity of the cellulolytic, ligninolytic, and pectinolytic
enzymes, the cell walls of the food matrix can be completely
ruptured by the hydrolysis of ester bonds, resulting in oxida-
tive degradation of the matrix and release of the bound fla-
vonoids [Huynh et al., 2014]. However, it should be noted
that the fermentation process does not always result in an
increase in phytochemicals content due to the loosening
of the food matrix, but can also cause a decrease in content
of certain components. Phytochemicals could be metabo-
lized (e.g., deglycosylated) into other low molecular forms
[Aura et al., 2002]. In general, the potential of lactic acid
bacteria to metabolize secondary plant compounds remains
unknown. Therefore, further research in this field is needed
to elucidate the microbiological pathways for phytochemical
conversion, metabolite identification, and biological activity
determination.

As in the case of phenolic acids, the richest source of fla-
vonoids turned out to be the fresh roots, which contained
0.81x0.00 ng flavonoids/g dm. A lower by approximately
27.2% total flavonoids content was observed in the ferment-
ed red beetroot. However, the commercial fermented beet-
root juice contained 0.81+0.00 wg flavonoids/mL. As with
the content of phenolic acids, our data for flavonoids differed
from those available in the literature, which may be related to
the fact that the authors of the publications have expressed
the results per beetroot dry extracts [Georgiev et al., 2010;
Canadanovié-Brunet et al., 2011; Ben Haj Koubaier et al.,
2014]. On the other hand, Kazimierczak et al. [2014] com-
pared the profile of flavonoids in fermented beetroot juices
from organic versus conventional production. Interestingly,
they did not notice any significant differences in the content
of flavonoids between the studied materials. As mentioned for
phenolic acids, the differences in the total content of flavonoid
compounds between results obtained in this study and the re-
sults from the cited papers may have been due to the use of dif-
ferent beetroot varieties. The impact of the variety, as well as
the growing conditions, growing season, and the method



62

Analysis of Red Beetroot Polyphenols in Human Body Fluids

and length of storage on the level of various phytochemicals
in vegetables was demonstrated in earlier works [Wiczkowski
& Piskuta, 2004; Sawicki & Wiczkowski, 2018]. Moreover,
the type of microorganisms used in the fermentation process
as well as its conditions and duration could play a key role
in the total content of flavonoids [Shrestha et al., 2010].

Total contents of phenolic acids and flavonoids in red
beetroot products

Based on the results of HPLC-MS/MS analysis, the fresh
roots were shown to be the richest source of phenolics. The to-
tal phenolics contentin fresh red beet was 33.02+0.01 ug/gdm,
while in the fermented beetroot, it was 18.10+0.01 pg/g dm.
In contrast, in commercial red beet juice it was as low as
4.00x£0.00 wg/mL. Our data differ from those available
in the literature [Vuli¢ ef al., 2014; Ben Haj Koubaier ef al.,
2014; Wruss et al., 2015; Guiné ef al., 2018]. It is important to
note, however, that the most common method for determin-
ing total phenolics content is the Folin-Ciocalteau method
rather than the HPLC-MS method, which is not an absolute
measurement of the amount of phenolics in a tested sample.
Some substances contained in the sample studied, includ-
ing organic acids, residual sugars, amino acids, proteins
and other hydrophilic compounds, interfere with this test.
Thus, the results achieved for the samples tested can differ
significantly, which was also the case in the studies presented
above. Therefore, detailed identification and quantification
of phenolic compounds are essential.

Moreover, it should be noted that the 14-day spontane-
ous fermentation process resulted in a significant reduction
of the total content of phenolics by 45.18%. Results of our
research are consistent with the findings reported by Hunaefi
et al. [2013], who observed that the total phenolics content
increased slightly until day seven of the fermentation process
and successively decreased for a longer time of fermentation.
Hunaefier al. [2013] and Rodriguez et al. [2008] explain that
the reduction in total phenolics content may be due to an in-
crease in the amounts of lactic acid bacteria. There is evidence
that lactic acid bacteria are involved in the metabolism of di-
etary phenolics, i.e. their cause their degradation and thus
positively affect the final product, imparting it a characteristic
taste, aroma, and texture.
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In the case of fermented beet juice, it is important to
pay attention to the food processing, which usually consists
of the pre-treatment, including cleaning, rinsing and slicing,
and the basic treatment involving thermal food process-
ing. Treatments applied in the food processing are aimed at
eliminating unwanted impurities, microbes, non-nutrients,
inactivating enzymes; and also at increasing the digestibil-
ity and availability of nutrients; at improving the structure
and consistency of a food product; and finally at ensuring its
appropriate organoleptic characteristics. On the other hand,
these treatments can have a destructive effect on health-pro-
moting ingredients, causing their losses at every stage of pro-
cessing [Ravichandran ef al., 2013; Wiczkowski et al., 2015].

Content of phenolic acids and flavonoids in blood
plasma and urine of volunteers consuming fermented
beetroot juice

To the best of our knowledge, this is the first study that
has characterized the profile of phenolic acids and flavo-
noids in human body fluids after long-term and regular con-
sumption of red beetroot juice. Sixteen compounds, includ-
ing four hydroxybenzoic acid derivatives (protocatechuic,
m-hydroxybenzoic, syringic, and p-hydroxybenzoic acids),
six hydroxycinnamic acid derivatives (chlorogenic, caffeic,
sinapic, ferulic, p-coumaric, and trans-cinnamic acids), one
phenylacetic acid derivative (3,4-dihydroxyhydrophenylace-
tic acid), and five flavonoids (epicatechin, luteolin, quercetin,
apigenin and kaempferol) were identified in the blood plasma
and urine samples before and after the intake of fermented red
beetroot juice (Table 1). All the identified compounds were
also detected in the material tested (red beet juice). However,
isoferulic acid, vitexin, rutin, and orientin, which were found
in the consumed commercial fermented red beet juice, were
not identified in the samples of human body fluids.

Before and after regular consumption of fermented beet-
root juice, phenolic acids and flavonoids appeared in blood
plasma and urine throughout the forty-two days of the ex-
periment (Figure 1). The total concentration of phenolic
acids in the volunteers’ blood plasma before drinking fer-
mented beetroot juice was 6.68+0.59 wg/mL and increased
to 10.84+0.92 ug/mL after seven days of regular juice intake.
Afterwards, it decreased slightly to 6.51=0.67 ug/mL after
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FIGURE 1. Concentration of phenolic acids (A) and flavonoids (B) in blood plasma and urine of volunteers after the intake of fermented beetroot juice

for a period of 42 days.

Values are mean=SD (n=24). Means related to a total content of phenolic acids or flavonoids marked by different letter above bars are significantly

different (P<0.05).
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twenty-one days and then increased again to 7.75+0.55 ug/
mL after forty-two days of regular intake of the juice. An in-
crease in the total concentration of phenolic acids (P<0.05)
was noted as soon as after seven days of regular consumption
of fermented beetroot juice. Differences in the total concentra-
tion of flavonoids in blood plasma were not found to be statis-
tically significant (P=0.05) before (0.49+0.04 ug/mL) and af-
ter seven (0.41+0.03 ug/mL), twenty-one (0.49=0.04 wg/mL),
and forty-two (0.38=0.04 ng/mL) days of regular consump-
tion of juice from red beetroot. Furthermore, urine analy-
sis of the volunteers before the intake of fermented beetroot
showed that the total concentration of phenolic acids was at
22.28£2.65 ug/mL. After forty-two days of consumption of fer-
mented beetroot juice, as in the case of blood plasma, the total
concentration of phenolic acids in the urine did not change
statistically significantly (P=0.05). Regular intake of fermented
beetroot juice for seven days has resulted in a slight increase
in the total concentration of phenolic acid. Total urinary ex-
cretion of flavonoids has not changed statistically (P=0.05)
throughout the entire forty-two day long period of fermented
beetroot juice intake. Before starting the regular consumption
of fermented beetroot juice, the total concentration of flavo-
noids in the urine of volunteers was at 0.78 £0.11 ug/mL. After
seven days, it increased to 0.91x0.15 pg/mL, and afterwards
decreased to 0.81+0.13 wg/mL after twenty-one days and to
0.67x0.09 pg/mL after forty-two days. It was found that af-
ter forty-two days of consumption of fermented beetroot juice
by the volunteers, the total plasma and urine concentrations
of phenolic acids and flavonoids did not change compared to
those determined in volunteers’ fluids before starting the regu-
lar consumption of juice. To the best of our knowledge, lim-
ited data are available on the bioavailability of phenolics after
long-term ingestion.

The factor affecting the bioavailability of phenolics
is the nature of the food matrix itself. Phenolics can react
with food ingredients, e.g., some proteins and carbohydrates,
which can significantly affect their absorption from digestion.
Other important factors are the intestinal environment, such
as the pH or the presence of bile salts [Manach ef al., 2004].
Interindividual variability, and more specifically, differences
in the intestinal microflora of volunteers, may affect the bio-
availability of phenolic acids and flavonoids as well. Research
conducted by Aura ef al. [2002], van’t Slot & Humpf [2009],
and Gonthier et al. [2003] showed a successive postprandial
appearance of microbial phenolic metabolites in plasma af-
ter 0.5-4 h. Moreover, a study conducted by Feliciano et al.
[2016] showed ingestion of foods rich in polyphenols to
result in an increase in the concentration of phenolic acids
in plasma compared to that on the first day of the interven-
tion. According to the aforementioned reports, flavonoids are
degraded during digestive processes, resulting in phenolic ac-
ids formation and thus decreasing the concentration of flavo-
noids. Unfortunately, we did not notice this correlation in our
study. Additionally, the bioavailability of phenolic compounds
may be limited due to the interactions with their transporters.
In addition, we cannot exclude the possibility of phenolic ac-
ids and flavonoids distribution and accumulation in other tis-
sues. Another explanation for such an insignificant variation
in plasma levels of phenolic acids and flavonoids is that al-

though the diets were controlled, the subjects followed the di-
etary instructions well (exclusion of foods rich in betalains)
but did not eat exactly the same amounts of polyphenols-rich
fruits and vegetables. Interestingly, the research conducted
by Moonet al. [2000] showed that the long-term consumption
of foods rich in flavonoids did not cause the accumulation
of significant amounts of flavonoids in the plasma. It should
be noted, however, that despite a number of studies that have
been carried out, there is not enough data on phenolic ac-
ids and flavonoids in human tissues. Previous studies have
indicated that despite the low absorption of phenolic acids
and flavonoids, these compounds are extensively metabolized
in the gut and liver [Marin et al., 2015]. A number of chemi-
cal processes change the physical properties of phenolics,
making them more soluble in water. Moreover, the observed
insignificant variability of the urinary excretion of these com-
pounds after forty-two days of consumption of fermented
beetroot juice suggests that the majority of the phenolic ac-
ids and flavonoids supplied with juice have been metabolized
by the intestinal microflora to smaller low molecular weight
metabolites. Generally, phenolic acids and flavonoids are rap-
idly excreted with urine, indicating that the daily consump-
tion of plant products is necessary to maintain high blood
metabolite levels. All things considered, it should be noted
that the bioavailability of plant phenolic acids and flavonoids
may be affected by internal factors (including age, sex, ethnic-
ity, disease and genetic polymorphisms) and external factors
(including doses, food matrix, and eating habits).

Summarizing, our results showed that forty-two days
of consumption of a commercial fermented beetroot juice did
not affect the concentration of phenolic acids and flavonoids
in plasma and urine of the volunteers. In turn, Sawicki et al.
[2018] observed that the long-term and regular consumption
of the red beet juice caused stabilization of both the profile
and content of betalains in the physiological fluids of volun-
teers. Irregular changes in the phenolic acid and flavonoid
profiles in human plasma and urine, in contrast to the profile
and content of betalains, may be due to the low concentra-
tion of phenolic acids (3.19+0.00 ug/mL) and flavonoids
(0.81+0.00 ug/mL) (Table 1) and a high concentration of be-
talains (0.21=0.00 g/mL) in beetroot juice [Sawicki et al.,
2018]. In addition to beetroot juice, volunteers consumed
a number of foods that are rich sources of phenolic acids
and flavonoids. Taking into consideration that the estimated
daily intake of phenolic compounds by the Polish population
was 1756.5=695.8 mg/day [Grosso et al., 2014], it seems dif-
ficult to assume that such a small contribution to the daily in-
take of phenolic compounds as 200 mL of beetroot juice (i.e.
0.8 mg, being not even 0.1% of daily intake) will significantly
affect levels of metabolites in human fluids.

CONCLUSIONS

To the best of our knowledge, this is the first time when
the effects of fermentation on the profile and content of red
beet phenolic acids and flavonoids have been determined as
well as when the impact of the long-term and regular con-
sumption of this vegetable on the profile and content of phe-
nolics in plasma and urine of volunteers has been established.
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Our research has shown that red beet and its products are
notable source of phenolic acids and flavonoids. The analy-
ses performed have revealed that isoferulic acid, protocat-
echuic acid, epicatechin, and apigenin predominated among
the twenty compounds detected in beetroot and its products.
Furthermore, the total content of phenolic acids and flavo-
noids differed significantly between the red beet products
studied. The fermentation process simultaneously increased
contents of free phenolic acids and conjugated flavonoids
as well as decreased contents of conjugated phenolic ac-
ids and free flavonoids. However, our results showed that
the long-term and regular consumption of fermented beetroot
juice generally did not affect the concentration of phenolics
in plasma and urine of the volunteers. From the physiological
and nutritional points of view, information on the full profile
of red beet phenolic acids and flavonoids is very important
because it may help predict their biological activity. More-
over, further studies are now needed to determine how red
beetroot phytochemicals, including phenolic acids and flavo-
noids, behave under the conditions of other food processing
treatments and upon consumption of other red beet products
(influence of the food matrix).
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