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ABSTRACT

Background: Beetroot has been used as a source of
dietary nitrate supplementation, a precursor for the
endogenous synthesis of nitric oxide, which improves
endothelial function and displays protective effects
against cardiovascular diseases.

Methods: The aim of this study was to formulate an
attractive and well-tolerated beetroot-derivative con-
taining high levels of nitrate and antioxidant com-
pounds, able to reduce blood pressure in hypertensive
patients following chronic ingestion. A beetroot-
cereal bar was prepared from a mixture of beetroot
juice, beetroot chips and cereals. Sixty grams of the
beetroot-cereal bar were administered to five hyper-
tensive patients recruited from a cardiovascular medi-
cal service for 3-week supplementation. At the end of
this period, the patients were examined at the routine
hospital clinical service at 8:20 AM after a rest of 20
min.

Results: The nitrate contents of the beetroot-cereal
bar were 15.3+0.05 mmol-100 g, which also con-
tained 8.64+1.85 mg:100 g of saponins, 9.19+0.71
mg'g" of organic acids and 147.73+3.3 mg-100 g of
phenolic compounds. Beetroot-cereal bars displayed
a shelf life of at least 30 days with no preservative
addition. A rheological evaluation of the beetroot-
cereal bars indicated the predominance of a dark red
color and crispy texture. The beetroot-cereal bar dis-
played high overall acceptability and purchase intent.
The chronic consumption of beetroot-cereal bar by
hypertensive patients led to =-14.0 mm Hg decrease
in systolic and ~-6.5 mm Hg decrease in diastolic
blood pressures.

Conclusion: Beetroot-cereal bars may be a new at-
tractive strategy to offer high levels of bioaccessible
dietary nitrate and antioxidant compounds that can
aid in the improvement of cardiovascular function.
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INTRODUCTION

Foods of vegetable origin have been intensively in-
vestigated due to certain compounds that give them
their taste, aroma and nutritional value. In addition,
nutrients that provide physiological benefits for the
promotion and maintenance of human health, termed
functional nutrients [1], are also present in the vegeta-
ble matrix. However, only a small number of bioac-
tive nutrients from vegetable sources have been tested
in clinical trials and displayed evident health benefits,
as well as surpassed the rigorous standard for
“significant scientific agreement” required by the
FDA for the authorization of health claims [2]. Beet-
root (Beta vulgaris L. species), a member of the Que-
nopodiaceae family, generally known as red or gar-
den beetroot, exhibits high nutritional value and is
considered a high dietary source of fibers, antioxi-
dants, vitamins and minerals. Approximately 85% of
dietary nitrate (NO;) comes from vegetables, and
beetroot is considered one of the most significant
sources of dietary NO;3™ [3,4].

Dietary NOj™ is a precursor for the endogenous
synthesis of nitric oxide (NO), a major vasodilator
synthesized by the endothelium. In this context, beet-
root consumption has been associated with several
health benefits, such as the improvement of endothe-
lial function, decreased blood pressure in normal and
hypertensive individuals [5], physiological reduction
of cerebral vascular resistance, increased tissue oxy-
genation and performance improvement, as well as
increased tolerance to fatigue during physical exer-
cise [6].

To promote the stimulation of NO production and
obtain protective effects against cardiovascular dis-
ease (CVD), NO;™ contents, ranging from 7.0 mmol
(310 mg) to 28.6 mmol (1773 mg), found in different
beetroot formulations should be administered (3,4,7).
However, to reach the effective NO3™ concentration,
some of these formulations must be offered in large
volumes, making it difficult for individuals to adhere
to the proposed intervention. Moreover, it is a chal-
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lenge to provide a product which, besides being rich
in NO;", must also be attractive in appearance, taste
and smell, easily administered, and adequate in size
portion and format.

Cereal bars are included in the snack or snack-
food category and have gained significant popularity
in the market, as they can be formulated from the
compaction of dehydrated fruits and cereals, such as
oats, wheat, soybeans, corn and rice [8] and are suita-
bleas a source of high nutrient concentrations in small
amounts of product.

In this context, the present study aimed to design a
beetroot formulation to be used as a dietary NO;5
source supplementation and assessits effects on the
blood pressure of subjects presenting risk factors for
the development of CVD following chronic admin-
istration. Beetroot-cereal bar physico-chemical and
biochemical characteristics were assessed. Product
shelf life, sensorial evaluation, and rheological prop-
erties were also determined, in order to evaluate con-
sumer acceptance and purchase intent.

MATERIAL AND METHODS
Standards and reagents

Standards solutions and reagents were purchased
from Sigma-Aldrich Chemical Co. (MO, USA). All
solvents were of high-performance liquid chromatog-
raphy (HPLC) grade and purchased from Tedia Com-
pany Inc. (OH, USA). Brilliant green bile broth
(Rappaport), Escherichia coli LB medium (BD™),
violet red bile agar, mannitol egg yolk polymyxin
agar, and potato dextrose agar were purchased from
Hexis Cientifica (SP, BRA). 3M Salmonella enrich-
ment base and supplement and Petrifilm™ Salmonel-
la express (SALX) plates were purchased from 3M
Co. (MN, USA). HPLC grade Milli-Q water (Merck
Millipore, MA, USA) was used throughout the exper-
iments.

Beetroot-cereal bar formulation

All ingredients used in the beetroot formulation were
purchased from the local trade in the Rio de Janeiro
municipality, Southeastern Brazil. Beetroots (Beta
vulgaris L.) with no signs of deterioration were se-
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lected, such as cracks, stains, bruises, or wet areas.
Approximately 4 kg of beetroots were carefully
packed in black sealed plastic bags and stored at 5°C
for 2 days, in order to avoid damage and microbial
spoilage. The beetroot juice was prepared as de-
scribed previously [9]. Beetroot chips were produced
according to Vasconcellos et al. [7]. The beetroot-
cereal bar was prepared by mixing the ingredients
from the ligand and dry phases. The ligand phase
containing beetroot juice (with no water addition),
brown sugar (40 g), corn syrup (50 g) and citric acid
(1 g) was transferred to a stainless steel pot, disper-
sion was performed in a water bath at 90°C for 15
min and the mixture was then cooled at room temper-
ature. After 10 min, beetroot powder was obtained
from crushed chips (300 g) and other ingredients,
such as rolled oats (150 g), whole oats (150 g), rice
flakes (60 g) and honey (40 g), were homogenously
added.

The cereal bar matrix was distributed in a stainless
-steel container (30 cm x 20 cm) and pressed until
reaching a thickness of 1.5 cm. The beetroot-cereal
matrix was then baked at 200°C for 15 min and cut
into 20 pieces, obtaining beetroot-cereal bars measur-
ing 10cmx 3 cmx 1.5 cm.

Beetroot-cereal bar analyses

All beetroot-cereal bar biochemical and microbiologi-
cal analyses were performed in triplicate, and the re-
sults were expressed as 100 g of dry weight basis
(dwb).

Rheological analyses
Texture

The texture of the beetroot-cereal bar was evaluated
according to Mattos et al. [10], using a Texture Ana-
lyser Stable Micro Systems model (Waverley, UK).

Color

The color intensity of the beetroot-cereal bar was
evaluated according to Chandran et al. [11], using an
Ultra Scan Vis Colorimeter (Hunter Lab, VA, USA).
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Proximate composition

Moisture, ash, protein, lipid and total dietary fiber
contents were determined in the beetroot-cereal bar
according to the Association of Official Analytical
Chemists [12]. Total carbohydrates were estimated by
deducting the sum of moisture, ash, protein, lipid and
total dietary fibers from 100%. Calorific values (kcal)
were calculated from the approximate chemical com-
position data using the general factor system.

Sugar analysis

Fructose, glucose, sucrose and maltose contents in the
beetroot-cereal bar were evaluated as described previ-
ously [13]. Samples were injected into a high-
performance liquid chromatography (HPLC) system
LC-20AD (Shimadzu®, Kyoto, JPN). Chromato-
graphic separation of sugars was achieved using an
NH, column (5 mm, 250 x 4.6 mm, 1.D., Zorbax®,
CA, USA) and isocratic elution (82% acetonitrile in
distilled and deionized H,O) at a 1.0 mL-min” flow
rate. Sugars were detected using a refractive index
detector RID-10A (Waters, MA, USA) coupled to a
signal CBM-20A  (Shimadzu®)

(supplementary file 1).

integrator

NOj; and NO;, analyses

The NO, and NO;™ analyses were performed as de-
scribed previously [9]. The HPLC device was
equipped with a 5 um reversed-phase C8 column (150
x 4.6 mm, L.D., Ascentis®, CA, USA), a 5 pum re-
versed-phase C18 guard column (50 x 4.6 mm, L.D.,
Ascentis®, CA, USA) and a fluorescence detector
model RF-10AXL (Shimadzu®). Fluorescence was
monitored at excitation and emission wavelengths of
375 nm at 415 nm. Sodium phosphate buffer (pH 7.5)
at 15 mmol-L™" and methanol (50:50, v/v) were used
as the mobile phase for gradient elution at a 1.3
mL-min”' flow rate (supplementary file 2).

Saponin analyses

Total saponin content was determined by the vanillin-
sulfuric acid assay [14]. Absorbances at 535 nm were
recorded using a V=530 UV/VIS spectrophotometer
J asco®, Tokyo, JPN).
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Organic acid determinations

Organic acids were determined as described by Leite
et al. [15]. Filtered beetroot samples were injected
into the HPLC system (Shimadzu Corp.) equipped
with an HPX-87H Aminex fermentation monitoring
column (150 x 7.8 mm, L.D., Bio-Rad Laboratories
Inc.) and protected by a cation H Micro-Guard car-
tridge (30 X 4.6 mm, L.D., Bio-Rad Laboratories
Inc.), maintained at 65°C. Organic acids were detect-
ed using an SPD-M20A diode array detector model
(Shimadzu Corp.) at 210 nm (supplementary file 3).

Determination of phenolic compounds (PC)

PC extraction from the beetroot-cereal bar was per-
formed according to a methodology adapted from
Inada et al. [13], using soluble and conjugate phenol-
ic extraction methods. All extracts were filtered
through 0.45 um cellulose ester-membranes (Merck
Millipore Co.) prior to the HPLC analyses.

The HPLC device was equipped with a 5 um re-
versed-phase C18 column (250 x 4.6 mm, 1.D., As-
centis®) guarded by a 5 um C18 guard column (10 x
3.0 mm, 1.D., Ascentis®) and comprising an SPD-
M30A photodiode array (PDA) detector (Shimadzu
Corp.) with readings ranging from 190 nm to 370 nm.
The column temperature was set at 40°C and the in-
jection volume was 20 pL for all samples. The mo-
bile phase (1.0 mL-min"") was composed of 0.3%
formic acid (in HO-DD), methanol (100%) and ace-
tonitrile (100%) at a gradient elution (supplementary

file 4).

Total antioxidant potential determination (TAP)

The beetroot-cereal bar was analyzed as previously
described by da Silva et al. [16]. Samples were trans-
ferred to amber vials and incubated at 37°C for 10
min with a solution containing 1 mM Fe*’, 10 mM
H,0, and 1 mM terephthalic acid (TPA) in 50 mM
phosphate buffer (pH 7.4). The hydroxyterephthalic
acids (HTPA) were detected by HPLC. TAP meas-
urements were obtained by the difference between
the chromatogram surface area generated in the Fen-
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Antioxidant activity determination by different
assays

Ferric reducing ability of plasma (FRAP)

FRAP assays were performed by a modification of
the method described by Benzie and Strain [17]. Ab-
sorbances at 593 nm were determined using a V=530
UV/VIS spectrophotometer (Jasco™).

Trolox equivalent antioxidant capacity (TEAC)

TEAC assays were performed using a modification of
the method described by Re et al. [18]. The beetroot
sample was mixed with the ABTS™ reagent and ab-
sorbances at 720 nm were determined using a V=530
UV/VIS spectrophotometer (Jasco®™).

Oxygen radical antioxidant capacity (ORAC)

The ORAC assay was performed according to Zuleta
et al. [19], with modifications. Sample absorbances
were measured using a Wallac 1420 VICTOR mul-
tilabel counter (Perkin—Elmer Inc, MA, USA) with
fluorescence filters at an excitation wavelength of
485 nm and emission wavelength of 535 nm.

Radical scavenging
picrylhydrazyl (DPPH)

capacity  2.2-diphenyl-1-

The DPPH assay was performed according to von
Gadow et al. [20], with modifications. The absorb-
ance was determined at 517 nm using a DU-530
spectrophotometer (Beckman Coulter Inc, IL, USA).
The percentage of DPPH radical inhibition was cal-
culated according to the following equation:

DPPH (% inhibition) = (1- (AbSsmpie- AbSsamplc con-
trol))/ Abscontrol test X 100

Lipid peroxidation inhibition

Lipid peroxidation analyses were carried out as de-
scribed by Samaranayaka et al. [21]. Butyrate hy-
(BHA),
(BHT), o-tocoferol and beetroot samples were pre-
pared in an emulsion system containing linoleic acid
(1.3% in ethanol)/ethanol (75%)/H,O-DD). Flasks
containing samples and standards were sealed and

droxyanisole butylated hydroxytoluene

ton reaction with and without the sample
(supplementary file 5).
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incubated at 40°C in a shaker for 7 days, without light
interference. Absorbances were determined at 550 nm
using a DU-530 spectrophotometer (Beckman Coulter
Inc.).

Microbiological analyses

The beetroot-cereal bar was evaluated at 0, 15 and 30
days of storage at 15°C. Enumeration of yeast and
mold in the saline solutions was performed according
to the American Public Health Association [22]. The
results were expressed as the number of colony-
forming units per gram (CFU-g"). Salmonella spp.
and Escherichia coli (E. coli) enumerations were as-
sessed by the 3M Petrifilm™ Salmonella Express
System and 3M Petrifilm™ E. coli Count Plate (3M
Health Care), respectively. Total and fecal coliforms
were assessed by standard methodology of the most
likely number per gram (MPN-g"). Bacillus cereus
were enumerated in selective MYP media (Plast La-
bor®, RJ, BRA), according to the American Public
Health Association [22].

Sensorial evaluation and purchase intention

Sensorial evaluation procedures were performed in
accordance with the ethical standards of the declara-
tion of Helsinki and approved by the Institutional Eth-
ics Committee of the Hospital Universitario Clemen-
tino Fraga Filho, Rio de Janeiro (No.
15510313.5.0000.5257). Beetroot-cereal bars were
evaluated by one hundred untrained male and female
panelists, using a 9-point hedonic scale. The evaluat-
ed sensory attributes were color, flavor, aroma, tex-
ture and overall acceptability. The purchase intention
of the beetroot-cereal bars was assessed at the same
time, using a 5-point hedonic scale [23].

Pilot study of the assessment of beetroot-cereal bar
chronic intake effects

Five hypertensive women with a systolic blood pres-
sure (SBP) > 140 mm Hg and diastolic blood pressure
(DBP) > 95 mm Hg were recruited from the Hospital
Universitario Pedro Ernesto (HUPE) at the Univer-
sidade do Estado do Rio de Janeiro (UERJ). Study
participants were evaluated by anthropometry, blood
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pressure measurements and blood biochemical anal-
yses. The exclusion criteria for participation in the
study included any known pulmonary, and/or meta-
bolic diseases (asthma, diabetes, smoking), elderly
subjects (> 60 years-old), urinary infection, pregnan-
cy, lactation, menstrual period and (or) the use of ei-
ther nutritional and/or pharmacological ergogenics.
Urinary infection was assessed by the presence of
NOj;™ in urine using Uriquesto Plus test strips (Labtest
Diagnostica S.A., Minas Gerais, Brazil). If volunteers
were taking any medication, it would be withdrawn
the afternoon before the clinical visit, to avoid inter-
ferences.

All hypertensive patients were fully informed of
the nature and purpose of the study and gave their
written consent to participate. All experimental proce-
dures were performed at the HUPE under medical
supervision and in accordance with the ethical stand-
ards of the Declaration of Helsinki. The study was
approved by the local Ethics Committee, under No.
CAAE 57774816.5.0000.5259.

The volunteers reported to the HUPE on two occa-
sions. Both visits were held at 8 AM, according to the
clinical service routine. The volunteers were advised
to restrict the ingestion of foods rich in NO,™ and NOs
" for 42 h before visits and received a list describing
foods and food groups to be avoided or preferred
based on dietary NO, and NO;™ [16]. Subjects were
also instructed to restrict the ingestion of carbonated
water, the use of mouthwash, avoid alcohol and caf-
feine intake for 24 h and the practice of strenuous
exercise and fasting at least 12 h before and during
the evaluation.

All subjects received 3-week supplies of 60 g of
beetroot-cereal bar enriched in dietary NO;™ to con-
sume in the afternoon, as a single snack, replacing
other commonly consumed foods. The SBP and DBP,
and heart rate (HR) were recorded before and after
the 3-weeks of 60 g beetroot-cereal bar supplementa-
tion, by taking three supine blood pressure measure-
ments of the brachial artery, at 1-min intervals, using
an automated HEM-705CP Omron sphygmomanome-
ter (Healthcare Inc., IL, USA) applied to the right arm
after a 20 min rest (8:20 AM). All clinical tests were
performed in a quiet and temperature-controlled envi-
ronment.
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Statistical analyses

A one-way (ANOVA) analysis of variance with re-
peated measures was performed to identify beetroot-
cereal bar differences with respect to chemical com-
position, TAP, antioxidant activity, microbiological
analyses, sensorial evaluations and rheological prop-
erties.

A two-way analysis of variance (ANOVA) 2 x 2
pathways with repeated measures for two factors
(intervention x time: pre and post intervention) was
performed to identify differences in SBP, DBP and
HR parameters. When a significant ' was found, an
additional post hoc analysis was performed applying
a Bonferroni correction. Results were considered sig-
nificant when P<0.05. Data were expressed as the
means * standard deviation (SD). Statistical proce-
dures were carried out using the Graphpad Prism
software version 5 for Windows® (GraphPad Soft-
ware, CA, USA).

RESULTS AND DISCUSSION
Proximate composition and sugar content

The proximate composition of the beetroot-cereal bar
comprised 16.20£0.39 g-100 g protein, 0.97+1.00
2100 g lipids, 62.97+0.97 g-100 g carbohydrates
and 325.5842.5 kcal-100 g energy. The beetroot-
cereal bar also contained 4.07+0.14 g-100 g total
dietary fiber and low moisture (12.9+0.50%), as ex-
pected. Total sugar content of the beetroot-cereal bar
was 37.7240.70 g-100 g (Table 1).

The manufacturing of the beetroot-cereal bar, de-
signed to supply NOj, included binding phase ingre-
dients, which increased carbohydrate and energy con-
tent but maintained low lipid concentrations. Lipids
were the lowest contributor to beetroot-cereal bar
energy (< 1 g-100 g), thus classifying the bars as a
low fat food, according to the current legislation for
solid food in Brazil [24]. Furthermore, maintaining
low lipid concentrations did not compromise flavor,
texture or other organoleptic characteristics.

The addition of ingredients such as rolled oats, whole
oat bran and rice flakes contributed to the increased
protein and dietary fiber content of the beetroot-
cereal bar. Thus, the beetroot-cereal bar can be con-
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sidered a fiber source, in accordance with the current
Brazilian legislation [24], containing dietary fiber
amounts over 3 g-100 g of product. It is known that
a high dietary fiber intake has been associated with
decreased risks for coronary and CVD. Dietary fiber
also decreases blood cholesterol levels, by increasing
the capacity for bile acid or short chain fatty acid pro-
duction and inhibiting the growth of pathogenic bac-
teria, by stimulating the development of beneficial
bacterial flora, which increases immune system re-
sponses and prevents gastrointestinal infections [25].

High moisture in cereal bars can promote undesir-
able product modifications, such as non-enzymatic
browning and crispness decreases, which are both
important sensory attributes for these products [8].
The moisture content of the developed beetroot-
cereal bar is within the established limits for cereal
bars, which cannot exceed 15% [24].

Table 1: Proximate composition, sugars, NO;', NO,
and total saponin contents of the beetroot-cereal bar

Beetroot-cereal bar (100 g)

Ash (%) 15.3+0.06
Moisture (%) 12.9+£0.50
Energy 325.5842.5
(kilocalorie)

Carbohydrate (g) 62.97+0.97
Protein (g) 16.20+0.39
Lipids (g) 0.97+1.00
Total dietary fi- 4.07+0.14
bers (g)

Total sugars (g) 37.72+0.7
Fructose (g) 2.79+0.15
Glucose (g) 4.71£0.16
Sucrose (g) 26.59+0.80
Maltose (g) 3.63+0.19
NOj;™ (mmol) 1.3+0.05
NO, (mmol) 0.20+0.01
Saponins (mg) 8.648+1.85

Values are expressed as means + SD.
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NOj; and NO, contents

Beetroot-cereal bar NO; content was of 15.3+0.05
mmol-100 g (Table 1). NO, content, on the other
hand, was very low, at 0.20+0.01 mmol-100 g'l, with
no physiological significance.

Clinical studies have reported that beetroot sup-
plementation with dietary NOj; in concentrations
ranging from 1.6 to 22 mmol seems to be sufficient
to result in vascular benefits [6]. Systematic reviews
and meta-analyses have evaluated vascular responses
to NOs', including decreased blood pressure, platelet
aggregation inhibition, vascular endothelium preser-
vation or endothelial dysfunction improvement dur-
ing physical activity [26]. Evaluation of beetroot
juice supplementation effects on blood pressure indi-
cates decreases in systolic [-3.55 mm Hg; 95% CIL: -
4.55, -2.54 mm Hg] and diastolic [-1.32 mm Hg;
95% CI: -1.97, -0.68 mm Hg] blood pressure. Fur-
thermore, decreases in systolic blood pressure were
higher following longer supplementation periods
compared to shorter periods (> 14 days compared to
< 14 days of treatment) [-5.11 compared to -2.67 mm
Hg] and observed for the highest administered vol-
ume compared to the lowest (500 mL compared to 70
mL and 140 mL/day) [-4.78 compared to -2.37 mm
Hg] doses of beetroot juice supplementation [27].

These beneficial vascular function effects can be
explained by the dietary NO;5™ found in beetroot that
forms endogenous NO [3]. In the last few years, dif-
ferent beetroot formulations have been considered as
adequate sources of NOj; to stimulate NO produc-
tion. Juice, gel, raw or cooked beetroot are all able to
supplement dietary NO;™ [7]. However, some beet-
root formulations must be offered in large serving
portions to reach effective NO;™ concentrations. Con-
sumption of high beetroot volumes can lead to gastric
discomfort, nausea and vomiting, and it is also diffi-
cult to convince individuals to adhere to certain pro-
posed interventions, mainly long-term ones. The
challenge is to provide a product that, in addition to
being rich in NOj, is attractive, easy to administer
and microbiologically safe, containing bioactive
compounds that aggregate nutritional value, in order
to obtain a super supplement to improve beneficial
NOj;™ health effects. Herein, a beetroot-based product
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formulated as a cereal bar was designed to provide a
small and easily served portion as a healthy supple-
ment for individuals in active CVD or at risk for
CVD with effective doses of dietary NO3 in 100 g of
food, higher than those in other beetroot-products,
such as beetroot juice, chips and gel [7,16].

Saponin contents

Saponin content in the beetroot-cereal bar was
8.648+1.85 mg-100 g (Table 1). Saponins are con-
sidered antiviral, antidiabetic, cytotoxic and allelopa-
thic agents. Several beneficial bioactivities are at-
tributed to triterpene compounds, with the most im-
portant saponin effect observed on cholesterol ab-
sorption and metabolism, reducing cholesterol levels
in the serum and liver of several animals, including
humans [28].

Organic acid identification and quantification

The beetroot-cereal bar contained 9.19+0.71 mg-g”
of total organic acid content (Table 2). Six distinct
organic acids were identified and quantified in the
beetroot-cereal bar, namely, citric, ascorbic, malic,
fumaric, succinic and oxalic acids. Malic and citric
acid were the most abundant organic acids detected
in the product.

Organic acids display effective bactericidal poten-
tial due to their ability to dissociate. Among the or-
ganic acids observed in the present study, ascorbic
(pKa 4.76), malic (pKa 5.10), succinic (pKa 5.63)
and citric (pKa 6.40) acids are capable of dissociating
in the acidic gastrointestinal environment, resulting
in hyper-acidification, with positive charges outside
the microorganism, disrupting the proton-gradient
across the plasma membrane and causing cell death
[29]. These acids are also found in their non-
dissociated forms (presenting lipophilic characteris-
tics) and can easily diffuse through the bacterium
membrane into the cell cytoplasm. Once inside the
cell, where the pH is close to neutral, these organic
acids are dissociated and release protons that acidify
the cytoplasm, resulting in the dissolution of the pro-
ton-motor force by suppressing the enzymatic sys-
tem, nutrient transport, amino acid and energy metab-
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olism and DNA synthesis. In addition, the cationic
portion of the organic acids released into the cell re-
duces the pH of the medium, forcing bacterial cells to
use their energy to release protons, leading to exhaus-
tion [29].

Table 2. Organic acids and phenolic contents of
the beetroot-cereal bar

Organic acid (mg'g”)  Beetroot-cereal bar
Citric acid 2.31+0.14
Ascorbic acid 1.55+0.21
Malic acid 3.00+.0.1
Fumaric acid 0.81+0.1
Succinic acid 0.51+0.01
Oxalic acid 0.50+0.15
Total 9.19+0.71

Phenolic compounds (mg-100 g™)

Vanillic acid 13.144+0.108
p-Coumaric acid 39.68+1.214
Rosmarinic acid 4.25+0.039
3,4- 9.97+0.120

Dihydroxybenzoic acid
Gallic acid 60.50+1.761
Syringic acid 4.48+0.004
Caffeic acid 5.9440.033
Ferulic acid 3.23+0.008
Chlorogenic acid 5.69+£0.008

Total 147.73+£3.3

Values are expressed as means £ SD.

Total phenolic compounds

The beetroot-cereal bar presented 147.7343.3 mg-100
g of total phenolic compound content and a high
diversity of these compounds (Table 2). Nine phenol-
ic compounds were identified and quantified in the
beetroot-cereal bar, namely, 3,4-dihydroxybenzoic,
caffeic, chlorogenic, ferulic, gallic, p-coumaric, ros-
marinic, syringic and vanillic acids. Gallic acid was
the most abundant phenolic compound found in the
product.

Data on phenolic compounds in several foods are
not reliable, due to the lack of efficient methods that
can efficiently extract phenolic acids. In many stud-
ies, phenolic composition is evaluated by using the
Folin-Ciocalteau extraction method, which is simple
and fast, but can exacerbate the results due to the in-
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terference of certain substances, such as ascorbic ac-
id, present in food matrices. It also exhibits other dis-
advantages, such as low specificity and lack of iden-
tification, providing only estimates on the total phe-
nolic compound content in samples [30]. In the pre-
sent study, phenolic compounds were identified and
quantified by HPLC, leading to high sensitivity, ac-
curacy and repeatability, following an exhaustive
extraction of both soluble and insoluble phenolic ac-
ids, since three different hydrolysis methods were
applied to the same sample. In a previous assessment
[31], 3,4-dihydroxybenzoic and chlorogenic acids
were not detected in beetroot formulations and gallic,
syringic, caffeic, ferulic acids and total phenolic
compound contents were lower than described here-
in.

Furthermore, total phenolic compound concentra-
tions in the beetroot-cereal bar (147.73 mg-100 g or
1477 mgkg") were higher than in juice prepared
from the Beta vulgaris variety, rubra, ranging from
977.2+5.2 to 1450.3+42.1 mg-L"' [32]. Also, total
phenolic compound concentrations in beetroot-cereal
bar (147.73 mg-100 g" or 1477 mgkg™) were lower
than results obtained from the Phenol-Explorer 3.6
database  (http://phenol-explorer.eu), where an

amount of 164.10 mg:100 g for Beta vulgaris rubra
L. is described.

Antioxidant activity and lipid peroxidation inhibi-
tion

The beetroot-cereal bar presented 95.16+0.39% TAP,
78.46+0.95% of in vitro radical DPPHe formation,
21.19+1.29 mmol-100 g of in vitro radical ABTSe
formation (TEAC), 10.63+1.38 mmol-100 g’ of
FRAP and 9.45+1.02 mmol-100 g"' of ORAC (Figure
1a). The beetroot-cereal bar showed greater or similar
antioxidant activities to synthetic antioxidants (BHT
and BHA) and superior antioxidant activity compared
to a-tocopherol. The effect of 20 mg-mL™ of each
beetroot-cereal bar, BHT and BHA, and a-tocopherol
on lipid peroxidation of a linoleic acid emulsion after
162 h was 85.7, 86.4, 76.3 and 62.9%, respectively
(Figure 1b).

The antioxidant ability of beetroot-cereal bar may
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be related to several phenolic compounds found in
these food matrices (Table 2). Phenolic compounds
may present different physiological targets and action
mechanisms [33]. Thus, it is difficult to choose a
method able to accurately measure food antioxidant
potential, due to the complexity of oxidative process-
es that may occur in food matrices or in biological
systems.
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Figure 1. Total antioxidant potential (TAP), DPPH
assays, FRAP, TEAC and ORAC assays of the beet-
root-cereal bar were carried out (a). Values are ex-
pressed as means = SD (n=3). The ability for beetroot
-cereal bar to inhibit lipid peroxidation was assessed.
Control H,0O-DD, BHA (buthylated hydroxyani-
sole), BHT (butylated hydroxytoluene), a-
tocopherol, beetroot-cereal bar. Samples were tak-
en at the same concentration (20 mg'ml™) in a linole-
ic acid auto-oxidation system, followed during 162 h
(b). Values are expressed as means = SD (n=3). Dif-
ferent letters indicate differences between samples
(two-way ANOVA, Bonferroni post hoc test; p
<0.001). The symbol *(p <0.05) indicates differences
between BHA, BHT and the beetroot-cereal bar (one-
way ANOV A, Bonferroni post hoc test; p < 0.001).
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Beetroot-cereal bars were formulated from beetroot
juice and chips (concentrated beetroot in the powder
form) and the concentration of beetroot bioactive nu-
trients increased in this form, as expected, confirming
the highest antioxidant activity as determined by dif-
ferent analytical methods. The cereals and other com-
ponents used in the beetroot-cereal bar formulation
may also contribute to phenolic compound (Tables 2)
and antioxidant (Figure la, b) activities. The results
presented herein are in agreement with those reported
by Wruss et al. [31], who demonstrated that antioxi-
dant capacity is strongly dependent on the phenolic
content of food matrices.

During the beetroot-cereal bar manufacturing pro-
cess, the pre-cooked matrix was oven-dried by heat at
temperatures above 100°C. For beetroot chip produc-
tion, thin beetroot slices were also dried at the same
temperature. Madrau et al. [34] demonstrated that hot
air drying at mild temperatures, i.e., 55°C and 75°C,
in two apricot cultivars increased phenolic content
and antioxidant activity. This outcome can be ex-
plained by the breakdown of insoluble phenolic com-
pounds, leading to better extractability of these larger
compounds, perhaps generating novel bioactive phe-
nolic compounds resulting from the heat and drying
treatments [34].

Apparent color and texture

The color values for the beetroot-cereal bar are pre-
sented in Table 3. According to the CIE system scale
ranging from 0 to 100, the beetroot-cereal bar
showed high lightness (L*), red (a*) and yellowness
(b*) color values.

Color affects the attractiveness of food products,
interfering in sensory evaluations and purchasing
decisions [11]. Herein, a color analysis was applied
to evaluate any undesirable characteristics in the
beetroot formulations. The red color was predomi-
nant in beetroot-cereal bar, since the tuberous root
contains approximately 95% of betanin, a water-
soluble heterocyclic compound that confers a pur-
plish coloration to this vegetable [11].

The texture of the beetroot-cereal bar following
the simulation of cutting by molar teeth during the
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first bite is presented in Table 3. The product present-
ed a higher maximum force value, as this beetroot-
derivative contains cereals and other natural binding
agents that present greater crystallization capacity.

Texture was also evaluated in the beetroot-cereal bar,
since firmness, spread ability and mouth feel, among
other aspects, are important sensory and quality food
indices. Yield stress was performed in beetroot-cereal
bar to determine the strength of the coherent network
structure throughout the volume of the material ex-
pressed as the force per unit area required to break
down the structure [10]. The beetroot-cereal bar de-
scribed herein showed reduced cut resistance when
compared to others described previously [10].

Table 3. Color and texture parameters of the beet-
root-cereal bar

Color Beetroot-cereal bar
parame-

ters

L* 26.9143.35

a* 9.25+1.98

b* 5.96+2.12
Texture 5.91+3.50

(NF)

Values are expressed as means £ SD.

Shelf-life

The shelf-life of the beetroot-cereal bar was evaluat-
ed by testing the microbial quality of the bars for 30
days. Absence of contamination by yeasts, molds,
Salmonella sp., E. coli, Bacillus cereus, and coli-
forms were confirmed up to 30 days from the pro-
cessing of beetroot-cereal bar and under the limits
considered safe established by the current Brazilian
sanitary legislation for food for human consumption
[35]. Taken together, the results of the microbiologi-
cal analyses and shelf-life indicate that the processing
was performed under satisfactory hygienic conditions
established by the legislation.

Sensory analysis and intention to purchase

Table 4 indicates that the beetroot-cereal bar received
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relatively high mean scores in all sensory attributes.
The overall acceptability received average scores
corresponding to “really liked” (score 7.89), indicat-
ing a high product acceptance relation. Individual
color, flavor, aroma and texture attributes presented
scores between 6.9 and 7.5. In addition, the beetroot-
cereal bar received higher mean scores regarding in-
tent to purchase, corresponding to ‘probably would

b

buy’.

The sensory evaluations demonstrated that the
designed beetroot-cereal bar formulation displays an
adequate overall acceptability for a well-designed
food product considering its nutritional characteris-
tics, antioxidant properties, NO3™ concentration and
dietary fibers. Furthermore, the beetroot-cereal bar
could also be used to improve endothelial function
with a consequent reduction of blood pressure in nor-
mal and hypertensive individuals with active or at
high risk for cardiovascular diseases and improve
cerebrovascular hemodynamics.

Table 4. Sensory analysis and purchase intent of
the beetroot-cereal bar

Sensory at- Beetroot-cereal bar
tributes
Color 7.394+0.85
Aroma 7.50+0.88
Flavor 6.93+1.62
Texture 7.52+1.34
Overall ac- 7.89+1.01
ceptability
Purchase 4.10+1.23
intention

Values are expressed as means = SD. Acceptance
attributes (aroma, color, taste and overall acceptabil-
ity) were assessed by applying a structured 9-point
hedonic scale (1=dislike extremely, 9=like very
much). Purchase intention was evaluated using a
structured 5-point hedonic scale (1=would certainly
not buy, 5=would certainly buy)

SBP, DBP and HR evaluation after chronic beet-
root-cereal bar intake

SBP and DBP decreased after 3-weeks beetroot-
cereal bar supplementation (Pre: 164.8£24.25 and
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91.75#6.23 mm Hg; Post: 150.3+20.68 and
83.25+5.18 mm Hg) (Figure 2a, b). No changes were
observed in HR after 3-weeks of beetroot-cereal bar
supplementation (Figure 2c¢).
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Figure 2. Effects of 3 weeks dietary NOj supple-
mentation (60 g of BCB — beetroot-cereal bar) on
clinical SBP (systolic blood pressure) (a), clinical
DBP (diastolic blood pressure) (b) and clinical HR
(heart rate) (c). Data are expressed as means = SD.
The symbol ™(p <0.001) indicates difference be-
tween pre- and post-interventions.

Adaily intake of 9.57+0.13 mmol of NOj™ provid-
ed by a serving portion (60 g) of an individual beet-
root-cereal bar for 3 weeks, caused an SBP decrease
of =-14.0 mm Hg and DBP decrease of =-6.5 mm
Hg, in accordance with previous studies [5], which
considered that near 30% of the ingested NO;" is con-
verted to NO,, and then to NO, in the stomach,
through the NO;-NO,/NO pathway. It has been
demonstrated that the formed NO crosses the endo-
thelium and rapidly diffuses into smooth muscle cells
of the blood vessels to activate the soluble guanylate
cyclase enzyme that converts guanosine triphosphate
to cyclic guanosine monophosphate, decreasing Ca*"
concentrations. The decreases in intracellular Ca*"
reduce its complexation with calmodulin, promoting
a relaxation of vascular smooth muscle cells, leading
to lower blood pressure that would improve endothe-
lial functional adaptation [33].
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The beetroot-cereal bar, besides being rich in NO3
", is also attractive in appearance, taste and smell,
easily administered, adequate in size portion and for-
mat, and thus, can be used to improve endothelial
function with consequent reduction of blood pressure
in normal and hypertensive individuals with active or
at high risk for cardiovascular diseases and improve
cerebrovascular hemodynamics.

CONCLUSIONS

The physico chemical and antioxidant characteriza-
tion carried out herein, as well as the shelf-life stabil-
ity and sensory analyses, indicate that the beetroot-
cereal bar can be used as an adjuvant with vascular-
protective effects in healthy, physically active indi-
viduals and in individuals who exhibit at least one
CVD-related risk or those with established CVD. The
results reported in this study encourage future studies
concerning dietary NO; supplementation by beetroot
-cereal bar, including a careful evaluation of endothe-
lial function and hemodynamic parameters in a ran-
domized controlled crossover trial.
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Supplementary file 1 Representative HPLC chroma-
togram of sugar (fructose, glucose, sucrose and malt-
ose) standard analyses.
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Supplementary file 2 Representative HPLC chroma-
togram of NO;™ and NO;" standard analyses. NO,
was oxidized to NO;™ by potassium permanganate
(KMIIO4-).

NO;™ standard

600000+ pao

210nm

Nitrate

400000
2
E

200000+

Time (min.)

NO," standard

800000.0 pap

210nm

Nitrite

600000.04

400000.0+

mAU

200000.0-

0.0-

Time (min.)

Vinia Margaret Flosi Paschoalin et al.

Supplementary file 3 Representative HPLC chroma-
togram of organic acid (citric, ascorbic, malic, fumar-
ic, succinic and oxalic) standard analyses.
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Supplementary file 4 Representative HPLC chroma-
togram of phenolic acid standard mixture.
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Supplementary file 5 Representative HPLC chroma-
togram of the products of a Fenton reaction with TPA
and a Fenton reaction with samples and TPA.
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