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Introduction

Consumption of vegetables has been associated with reduced risks

of cancer, type 2 diabetes mellitus, hypertension, coronary heart

disease, and stroke (1,2). Great interest has developed in consumption

of antioxidants from foods in order to balance the level of free radical

production for normal cell function. There is now considerable

interest in elucidation of potential antioxidant and phenolic compounds

of foods. Furthermore, consumption of nitrate-rich vegetables

(NO3

−) has been proposed for enhancement of cardiovascular

function (3).

Beta vulgaris L., or beetroot, is a vegetable of the Chenopodiaceae

family that is widely consumed in traditional western cooking (4).

This vegetable represents a renewable and cheap source of nutrients,

like carbohydrates (5). However, specific interest in beetroot has

arisen due to the fact that it is a rich source of a number of

polyphenolic compounds (6,7) and NO3

− (3).

Beetroot contains pigments called betalains that are composed of

vulgaxanthin I, vulgaxanthin II, indicaxanthin, betanin, prebetanin,

isobetanin, and neobetanin, and a pool of phenolic compounds that

includes phenolic acids, flavonoids, and organic and inorganic acids

(4,8). Furthermore, beetroot also contains smaller amounts of other

compounds, such as ascorbic acid, which may further increase the

total antioxidant capacity. Previous studies have demonstrated the

potential antioxidant effect of betalains (9) and their bioavailability in

humans (10). The results of these studies have indicated important

information for stimulation of people to consume foods such as

beetroot that are rich in betalain as a nutritional strategy to provide

protection against oxidative stress-related disorders.

Recently, consumption of NO3

− rich beetroot juice has been

proposed for enhancement of blood perfusion (10), restoration of

endothelial function (11), and improvement in exercise performance

(12,13). These properties may be due to the effect of NO3

− present in

beetroot juice for stimulation of endogenous synthesis of nitric oxide

(NO).

Drinking beetroot juice and eating beetroot chips and/or beetroot

powder can provide a convenient and alternative source in place of

consumption of the whole vegetable. Limited scientific information is

available concerning nutritional aspects of different forms of

beetroot. This study was carried out to compare the total antioxidant

potentials and total phenolic, NO3

−, sugar (glucose, fructose, and

sucrose) and organic acid (citric, malic, and ascorbic acids) contents
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Abstract Beetroot is a vegetable rich in nitrate (NO3

−), antioxidants and phenolic compounds that are

related to improvements in cardiovascular function and exercise performance. However, it is unknown

if convenient forms of beetroot administration provide different amounts of these nutrients. The total

antioxidant potential (TAP), total phenolic (TPC), sugar, organic acid, and NO3

− contents of beetroot

juice (BJ), chips (BC), powder (BP), and cooked beetroot (CB) were compared. Significant (p<0.01)

differences in chemical compositions and functional properties were found between beetroot

formulations. Higher amounts of TAP and organic acids were observed in BC and BP, compared with

the other formulations. BJ exhibited the highest contents of total sugars, TPC, and NO3

−. All beetroot

formulations were suitable and advantageous based on taste preferences and convenience for

consumers and for nutrient amounts required to meet dietary recommendations.
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of beetroot juice, chips, powder, and cooked beetroot.

Materials and Methods

Samples All beetroots used in this study were Beta vulgaris L.,

Family Chenopodiaceae. Conventional beetroot was acquired in the

city of Rio de Janeiro in Southeastern of Brazil (22o54'S 43o10'W)

between March-April of 2013. Each beetroot formulation (beetroot

juice-BJ, beetroot chips-BC, Beetroot powder-BP and cooked beetroot-

CB) was subjected to 3 extraction trials with subsequent analysis in

triplicate.

Beetroot juice (BJ) Beetroots were thoroughly washed in tap

water, sanitized using a chlorine solution (0.5%), and processed in a

centrifuge blender (Model CE700; Black & Decker®, Uberaba, Brazil).

The resulting juice had a 91.55±0.75% moisture content without any

chemical additives.

Beetroot chips (BC) Beetroots were sliced (3-8 cm wide and 2-4

mm thick), frozen at −20oC for 48 h, and subsequently freeze-dried

(Model Liotop P1040; Liobras, Sao Carlos, Brazil). The final product

had an 11.4±0.68% moisture content. For BC analysis, freeze-dried

samples were crushed in a portable blender (Pratic® Cadence,

Navegantes, Brazil), weighed, and diluted.

Beetroot powder (BP) Beetroot powder was obtained from BJ as

described above. BJ was dried in a Mini Spray Dryer (Model Büchi

190; Büchi Laboratoriums Technik AG, Flawil, Switzerland) at respective

inlet and outlet temperatures of 180 and 65±3oC with a 0.7 mm

nozzle and a 6 mL/min feed. Powder was collected and stored in a

desiccator until analysis. The final product had a 3.67±0.87%

moisture content without any chemical additives. BP samples were

weighed and diluted prior to analysis.

Cooked beetroot (CB) Beetroots were peeled and boiled at 100oC

for 40 min in a 10 L pot in approximately 6 L of distilled and deionized

water. After boiling, beetroots were sliced. Cooked beetroot had a

90.67±0.50% moisture content. Beetroots were put into a juice

extractor (Model CE700; Black & Decker®) and processed into juice

for further analysis.

Total antioxidant potential (TAP) analysis Beetroot samples (1 g of

dry weight) from each formulation were vortexed (Phoenix®,

Araraquare, Brazil) with 9 mL of deionized water and centrifuged at

4,500×g for 10 min at 4oC. Supernatants were filtered throughout a

0.45 µm cellulose membrane filter (MF Millipore®, Darmstadt,

Germany) and the resulting filtered beetroot samples were transferred

to amber vials and stored at −80oC prior to testing. TAP analysis was

performed using HPLC following the method of Glód et al. (14). The

injection volume was 20 µL and the HPLC system was equipped with

a 5 µm reversed-phase C18 column (Kromasil®, Bohus, Sweden) (250

×4.6 mm, I.D.) and a fluorescence detector (Model RF-10AXL;

Shimadzu®, Kyoto, Japan) monitoring excitation and emission at

respective wavelengths of 312 and 428 nm. The mobile phase at 1.0

mL /min was a 100 mM sodium phosphate buffer at pH 6.6. The TAP

value was obtained based on a percentage difference as (15):

TAP (%)=[((S0

HTPA−SHTPA)/S0

HTPA)]x100

where SHTPA is the surface area of the chromatogram generated via a

Fenton reaction (14) with the beetroot sample, and S0

HTPA is the

surface area of the chromatogram generated via a Fenton reaction

without a beetroot sample. Results were expressed as TAP (%).

Total phenolic content (TPC) analysis TPC analysis was performed

as described previously by Sánchez-Rangel et al. (16). Beetroot

samples (1 g of dry weight for each formulation) were homogenized

in 20 mL of 100% methanol (17) by vortexing (Phoenix®) and

centrifuged at 10,000×g for 15 min at 4oC. Absorbance values at 765

nm were determined using an Asys UVM340 microplate reader

spectrophotometer (Biochrom, Holliston, MA, USA). Absorbance

values were compared to a gallic acid standard curve and results

were expressed as gallic acid equivalents (GAE) mg·g−1 on a dry

weight basis.

Nitrate (NO3

−) analysis Beetroot samples were dissolved, diluted,

centrifuged, filtered, and stocked following the above mentioned

method for TAP analysis. Prior to analysis, a further dilution of 1:800

was performed. NO3

− analysis was performed using HPLC as described

previously by Alvares et al. (18) with modification of the sample

preparation procedure described above for TAP analysis. NO3

− was

converted to nitrite (NO2

−) enzymatically using nitrate reductase EC

1.6.6.2 (Roche Diagnostics, Mannheim, Germany) from Aspergillus

spp. with filtered beetroot samples. After conversion, 100 µL of the

filtered beetroot sample was incubated at 24oC with 10 µL of 316

mM of 2,3-diaminonaphthalene (DAN) in 0.62 M HCl for 10 min,

followed by addition of 5 µL of 2.8 M NaOH and immediately

subjected to HPLC analysis. The HPLC device was equipped with a

5 µm reversed-phase C8 column (Discovery®, Bellefonte, PA, USA)

(150x4.6 mm, I.D.) with a 5 µm reversed-phase C18 guard column

(Ascentis®, Bellefonte, PA, USA) (50x4.6 mm, I.D.) and a fluorescence

detector (Model RF-10AXL; Shimadzu®) monitoring excitation and

emission wavelengths at 375 nm and 415 nm, respectively. The

mobile phase at 1.3 mL/min was a 15 mM sodium phosphate buffer

(pH 7.5) and methanol (50:50, v/v). Results were expressed as

mg·kg−1 of NO3

− on a dry weight basis.

Sugar analysis Beetroot sample dissolution, dilution, homogenization,

centrifugation, filtration, and storage were performed as described

above for TAP analysis. Sucrose, fructose, and glucose analyses were

performed as described previously by Hernández et al. (19), with

modification of the method flow, mobile phase, and temperature as
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cited below. A volume of 20 µL of each filtered beetroot sample was

used and analysis was performed using an HPLC system equipped

with a 5 µm carbohydrate analytical column (Prevail®, Deerfield, IL,

USA) (250x4.6 mm, I.D.) with a 5 µm guard column (Prevail®)

(7.5x4.6 mm, ID) and an evaporative light scattering detector (Model

LT II; Shimadzu®) at 40oC. The mobile phase at 1.1 mL/min was

acetonitrile and water (75:25, v/v) for isocratic elution. Results were

expressed as mg·g−1 on a dry weight basis.

Organic acid (OA) analysis Beetroot samples were dissolved or

diluted, homogenized, centrifuged, and stored as performed above

for TAP analysis. Organic acid (OA) analysis was performed as

previously described by Bavec et al. (20) for citric, malic, and ascorbic

acids. A volume of 20 µL of each filtered beetroot sample was

analyzed using an HPLC system equipped with an HPX-87H Aminex

fermentation monitoring column (Bio-Rad Laboratories Inc®, Hercules,

CA, USA) (150×7.8 mm, I.D.), a cation H+ Micro-Guard column (Bio-

Rad) (30×4.6 mm, I.D.), and a photodiode array detector (Model SPD-

M20A; Shimadzu®) monitoring absorbance at 210 nm. The mobile

phase at 0.6 mL/min was 4 mM sulfuric acid for isocratic elution.

Results were expressed as mg·g−1 on a dry weight basis.

Total solids analysis Total solids analysis in juice was performed

using by using an infrared moisture analyzer (MA35M; Sartorius®,

Goettingen, Germany) (21).

Data analysis A one-way analysis of variance (ANOVA) was used

for identification of differences in TAP, TPC, NO3

−, and sugar and

organic acid contents between BJ, BC, BP, and CB. When a significant

F value was found, additional post-hoc tests with Bonferroni

adjustment were performed. Statistical significance was set at the

p<0.01. Values were expressed as a means±standard deviation (SD).

All analyses were performed using the commercially available

statistical package IBM SPSS® Statistics version 22 for Mac (Chicago,

IL, USA).

Results and Discussion

Total antioxidant potential (TAP) TAP values of BC, BP, CB, and BJ

are shown in Fig. 1. Significantly (p<0.01) higher values were found

for BC (95.70±0.53%) and BP (95.31±0.68%) than for CB (85.79±0.61%)

and BJ (80.48±0.25%). There was no significant (p>0.01) difference

between BC and BP. Higher TAP (%) values for BP and BC were

related to drying of those formulations that removed water, thereby

concentrating nutrients (22). Drying probably increased antioxidant

activities due to concentration of bioactive molecules in the food

matrix without large loss. TAP (%) differences between different

beetroot formulations may also have been related to high levels of

ascorbic and citric organic acids with antioxidant activities (23,24).

Some betalain antioxidants can by effectively stabilized by ascorbic

acid (25), and in BC and BP formulations high contents of ascorbic

acid may have contributed to an increase in TAP (%) values.

A study conducted by Figiel (26) demonstrated a greater antioxidant

potential of raw beetroots in comparison with freeze dried beetroots.

Jiménez-Monreal et al. (27) found no significant losses in the TAP (%)

value when comparing CB and raw beetroots. In this study, TAP values

of CB were compared with processed beetroots and not with natural,

unprocessed vegetables, as was done previously. Amongst the

formulations evaluated here, CB and BP were both processed using

heat treatment. BC exhibited high TAP (%) values with no difference

between BP and BJ. Therefore, beetroot TAP should be further

studied before and after processing.

Total phenolic content (TPC) TPC values for BC, BP, CB, and BJ are

shown in Fig. 2. BJ (3.67±0.61 mg·g−1) and CB (2.79±0.23 mg·g−1)

exhibited significantly (p<0.01) higher TPC values than BC (0.75±0.06

GAE mg·g−1) and BP (0.51±0.07 GAE mg·g−1).

No significant (p>0.01) difference in TPC values between BC and

BP was observed (Fig. 2). The BC and BP forms of beetroot that

underwent freeze drying or spray drying showed lower TPC values

than BJ and CB, probably due to selective loss of compounds during

the drying process as phenolics are hydrosoluble compounds that

may have been lost with water. BJ was not subjected to thermal

processing or drying and the TPC dry weight basis values obtained

were higher than for other formulations.

Recommendations for the daily intake of phenolics and other

antioxidants have not yet been established. Chun et al. (28)

estimated the American average daily intake of phenolics from fruits

and vegetables at 450 mg of GAE of fresh weight (FW). Asparagus

had the highest TPC value of 64.15±2.46 of GAE mg·100 g−1 of FW. In

this study, levels of TPC on a FW basis were 66.29±5.46 and

26.08±2.12 GAE mg·100 g−1 in BC and CB, respectively. BP exhibited

49.35±6.78 and BJ exhibited 31.04±5.16 mg·100 g−1.

NO3

− analysis The NO3

− contents of the 4 beetroot forms analyzed

in this study are shown in Fig. 3. BJ (12,252.90±1105.30 mg·kg−1)

showed significantly (p<0.01) higher NO3

− concentrations than BC

Fig. 1. Total antioxidant potential (TAP) of beetroot juice (BJ), beetroot

chips (BC), beetroot powder (BP), and cooked beetroot (CB) expressed

as a percentage. Values are presented as a mean±SD. Different letters

indicate significance at p<0.01.
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(2,031.2±144.00 mg·kg−1), BP (1,683.50±264.48 mg·kg−1), and CB

(1,649.66±114.26 mg·kg−1). There were no significant (p>0.01)

differences in NO3

− concentrations between BC, BP and CB. Losses of

hydrophilic CB may have been due to dilution in cooking water.

A study conducted by Raczuk et al. (29) evaluated 20 CB samples

and reported NO3

− contents of 1,306±405 mg·kg−1 of FW. This value

was higher than the CB contents reported herein of 153.9±10.66

mg·kg−1 of FW. Values may have differed due to analytical techniques

used as the HPLC method is more sensitive and specific, compared

with other spectrophotometric methods, such as the Griess reaction

(30).

NO3

− present in beetroot juice promotes enhanced performance

during cycling and running (12,13). Athletes and consumers seeking a

healthy lifestyle are constantly looking for specific ingredients,

sometimes called super foods, and dietary supplements that improve

health and physical performance (31). The BP formulation can be

added to drinks or water, salads, soups, and yogurts, and BC can be

consumed as a snack during physical exercise. Both formulations can

be practical forms of dietary nitrate ingestion, being consumed by

athletes before training or competitions.

Sugar analysis Glucose, fructose, sucrose and total sugar contents

for BC, BP, CB, and BJ are shown in Table 1. Formulations showed

significant (p<0.01) differences in total sugar contents in a descending

order of BJ (963.41±13.98 mg·g−1), BC (627.96±11.39 mg·g−1), BP

(444.05±26.08 mg·g−1), and CB (249.51±0.22 mg·g−1). Sucrose was

the dominant sugar in all 4 beetroot formulations while glucose and

fructose were present in smaller amounts, probably because the

root is the storage organ of plants and energy in beetroots is stored

in the form of sucrose (32).

Beetroot juice had significantly (p<0.01) higher sugar contents,

compared with the other beetroot formulations since juice was not

subjected to thermal processing or drying. CB exhibited the lowest

level of total sugars, compared with BJ, BC, and BP, probably due to

loss of sugars via solubilization in water during the cooking

procedure (33). Drying processes promote water removal that can

lead to loss of water-soluble components of the food matrix. On the

other hand, the drying processes for both BC and BP concentrated

sugars, leading to higher sugar contents than for CB and lower sugar

contents than for BJ. Similar results were observed in a previous

study conducted by Rodríguez-Sevilla et al. (33) who reported a

significant reduction of total sugars in beetroot processed at 121oC

for 15 min in an autoclave (46.9±1.06 mg·g−1 of FW for total sugars

and 43.4±0.76 mg·g−1 of FW for sucrose), compared with raw

beetroot (73.0±10.16 mg·g−1 of FW for total sugars and 66.8±9.34

mg·g−1 of FW for sucrose). Bach et al. (32) reported a reduction of up

to 72% in the sugar contents of different types of beetroot after

boiling with mean values of total sugars of 5 variations of raw and

cooked beetroots of 54.57±9.00 and 39.60±3.90 mg·g−1, respectively.

Lower levels of total sugars and sucrose observed in this study for

CB (22.50±0.05 mg·g−1 of sucrose and 23.26±0.04 mg·g−1 of total

sugars on a wet weight basis) than for other beetroot formulations

may have been influenced by a prolonged cooking time of 40 min.

The previously mentioned studies used cooking times of 15 and 8

min (32). The difference in the sugar content reported by Bach et al.

(32) and this study may have been due to differences in the varieties

Fig. 3. Nitrate (NO3
−) contents of beetroot juice (BJ), beetroot chips

(BC), beetroot powder (BP), and cooked beetroot (CB) expressed in

mg·kg−1. Values are presented as means±SD. Different letters indicate

significance at p<0.01.

Fig. 2. Total phenolic contents (TPC) of beetroot juice (BJ), beetroot

chips (BC), beetroot powder (BP), and cooked beetroot (CB) expressed

in GAE mg·g−1. Values are presented as means±SD. Different letters

indicate significance at p<0.01.

Table 1. Changes in sugar contents between beetroot juice (BJ), beetroot chips (BC), beetroot powder (BP), and cooked beetroot (CB) in mg·g−1 on

a dry weight basis

Presentation form Fructose Glucose Sucrose Total sugars

BJ (mg·g−1)  18.05±0.54a1) 14.95±0.21a 930.40±13.65a 963.41±13.98a

BC (mg·g−1) 13.23±0.84b 11.46±0.25b 603.27±10.30b 627.96±11.39b

BP (mg·g−1) 7.69±0.07c 6.87±0.05c 429.48±25.96c 444.05±26.08c

CB (mg·g−1) 3.63±0.02d 4.51±0.01c 241.37±0.25d 249.51±0.22d

1)
Values are presented as means±SD. Different letters in the same column indicate significance at p<0.01. 
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of beetroot analyzed.

In a study of raw beetroot, Bavec et al. (20) reported 21.03±4.66

mg·g−1 of FW for total sugars, 18.88±4.85 mg·g−1 of FW for sucrose,

0.65±0.20 mg·g−1 of FW for glucose, and 1.49±0.19 mg·g−1 of FW for

fructose. The total sugar content of BJ was greater than for other

beetroot forms in this study. However, considering different formulation

portions on a wet weight basis, the BC and BP formulations had

higher sugar contents per g (556.13±10.09 and 427.75±25.13 mg·g−1,

respectively). Thus, technological processes can be advantageous for

preservation and for increasing the nutritional value of foods due to

concentration of compounds. Consumption of BC can be recommended

for endurance athletes before, during, and after exercise due to a

high carbohydrate content. The American College of Sports Medicine

(ACSM) (34) recommendation for carbohydrate intake during exercise

ranges from 30 to 60 g·h-1. A BC serving portion of 17 chips (54 g)

would achieve the ACSM recommendation of 30 g of carbohydrates,

and the BC formulation is more convenient than other beetroot

formulations, such as 8 cups of CB (1.3 kg), 3 cups of BJ (370 mL), or

11 tablespoons of BP (30 g) (34).

Organic acid (OA) analysis Organic acid contents of BC, BP, BJ, and

CB are shown in Table 2. BP (47.93±1.32 mg·g−1) and BC (35.53±3.97

mg·g−1) showed significantly (p<0.01) higher values of total organic

acids than both BJ (28.80±0.94 mg·g−1) and CB (13.93±0.24 mg·g−1).

For all formulations, the dominant organic acids were malic acid,

followed by citric, and ascorbic acids. The malic acid content did not

differ significantly (p>0.01) between BJ and BC while significantly

(p<0.0) higher citric acid levels were found in BC and BP than in other

formulations. However, no significant (p>0.01) difference in the malic

acid content was observed between BC and BP. BP had 2x the

amount of ascorbic acid found in BC and 10x more than CB.

Spray drying and freeze drying may have positively contributed to

preservation of organic acids in beetroot. The BC and BP formulations,

both subjected to drying, exhibited the highest levels of organic

acids. During the drying process, ascorbic acid degradation was

reported to be moisture and temperature-dependent (35).

Concentration of nutrients as a result of drying processes were

probably responsible for higher levels of organic compounds in BC

and BP formulations than in BJ and CB. Higher amounts of ascorbic

acid observed in BP than in BC may have also been the result of

spray-drying concentration (36).

Bavec et al. (20) observed levels of malic and ascorbic acids in

beetroots varying between 1.63±0.07 and 0.30±0.06 mg·g−1 of FW,

respectively. Jiratanan and Liu (37) observed ascorbic acid levels of

0.15±0.00 mg·g−1 for raw beetroot and 0.12±0.00 mg·g−1 for beetroot

cooked for 45 min at 115oC. Reported values of citric, malic, and

ascorbic acids were similar to BJ and CB values reported herein,

although previously reported values were lower than values for BP

and BC reported herein. BP and BC formulations were concentrated

due to drying, whereas previously reported values for BJ and CB were

stated on a FW basis that included water content.

Drying techniques applied in this study resulted in higher

concentrations of ascorbic acid in smaller beetroot amounts. Spray

drying effectively encapsulates ascorbic acid. Pierucci et al. (36) used

pea proteins to encapsulate ascorbic acid and obtained good results

for vitamin release kinetics.

The Institute of Medicine (IOM) (38) has recommended levels of

ascorbic acid for adult men and women of 90 and 75 mg·day-1,

respectively. To achieve vitamin C recommendations using beetroot

formulations, 1/2 cup or 5 chips (16 g) of BC, or 1 full tablespoon (8 g)

of BP should be consumed, whereas it would be necessary to

consume 4 cups (530 g), and more than 1 cup (267 mL) of CB and BJ,

respectively. The BC and BP formulations are, therefore, more

advantageous forms of beetroot since a smaller amount is sufficient

to reach the daily ascorbic acid recommendation for adults.

In conclusion, consideration of all formulations on a dry weight

basis indicates that the BC and BP formulations have higher organic

acid contents and total antioxidant potentials than the BJ and CB

formulations. However, BJ can also be advantageous if the purpose is

to achieve optimum ingestion of sugars, nitrates, and phenolic

compounds.

Comparisons on a FW basis of 4 beetroot formulations were made

in order to inform the scientific community and consumers about

nutrient contents and functional properties of beetroots, and for

comparison of serving portions of beetroot formulations. Different

beetroot formulations can be advantageous based on convenience

and delivery of recommended dietary nutrient intake amounts, and

to meet consumer preferences.

Distinct formulations used for the administration of beetroot can

increase consumption of beetroot for different nutritional needs

associated with improvements in cardiovascular function and exercise

performance. However, future studies for investigation of the effects

of different beetroot formulations on prevention of disease associated

with oxidative stress, including cardiovascular disease, and for

Table 2. Changes in organic acid contents between beetroot juice (BJ), beetroot chips (BC), beetroot powder (BP), and cooked beetroot (CB) in

mg·g−1 on a dry weight basis

Presentation form Citric acid Ascorbic acid Malic acid Total organic acids

BJ (mg·g−1) 009.81±0.32b1) 03.62±0.09c 15.36±0.69b 28.80±0.94c

BC (mg·g−1) 13.34±3.85a 05.79±0.78b 16.39±0.90b 35.53±3.97b

BP (mg·g−1) 16.21±0.68a 11.57±0.49a 20.14±0.76a 47.93±1.32a

CB (mg·g−1) 03.67±0.09c 01.68±0.11d 08.57±0.15c 13.93±0.24d

1)
Values are presented as means±SD. Different letters in the same column indicate significance at p<0.01. 
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improving exercise performance, are needed.
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