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Beetroot (Beta vulgaris L.) is recognized as a functional vegetable owing to its abundance
of betalains, dietary nitrate, phenolic compounds, vitamins, and essential minerals.
However, comprehensive compositional profiling integrating physicochemical, nutritional,
mineral, and bioactive characteristics with antioxidant activity remains limited for locally
available cultivars. This study comprehensively evaluated the physicochemical properties,
proximate composition, mineral profile, bioactive compounds, and antioxidant potential of
fresh beetroot procured from Srinagar, Jammu and Kashmir, India. Fresh mature roots were
analysed using standard analytical methods. Beetroot exhibited high moisture content
(88.24%)), total soluble solids of 10.18 °Brix, pH 5.72, and titratable acidity of 0.19%. The
roots contained 9.59% carbohydrates, 2.74% dietary fibre, 1.68% protein, 0.18% fat, and
0.91% ash. Potassium was the predominant mineral (349.62 mg/100 g), followed by
sodium (78.14 mg/100 g), phosphorus (41.27 mg/100 g), magnesium (23.81 mg/100 g),
calcium (16.42 mg/100 g), and iron (0.82 mg/100 g). Beetroot was also rich in vitamin C
(4.96 mg/100 g), total phenolics (146.82 mg GAE/100 g), total flavonoids (41.53 mg
QE/100 g), betacyanin (64.81 mg/100 g), betaxanthin (36.47 mg/100 g), and inorganic
nitrate (336.84 mg/100 g). The samples exhibited high antioxidant activity, with DPPH and
ABTS radical scavenging activities of 72.64% and 89.18%, respectively, and a FRAP value
of 13.84 umol Fe**/g fresh weight. Significant positive correlations were observed between
phenolic compounds, betalains, and antioxidant activities, indicating their major
contribution to the antioxidant potential of beetroot. These findings demonstrate that fresh
beetroot is a nutrient-dense source of natural antioxidants, minerals, and dietary nitrate,
supporting its utilization as a functional food ingredient, natural colourant, and value-added
raw material for the development of health-promoting food products.
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Introduction

Beetroot (Beta vulgaris L.), a member of the family
Amaranthaceae (formerly Chenopodiaceae), is an
economically important root vegetable cultivated
worldwide owing to its high nutritional value,
adaptability to diverse agro-climatic conditions, and wide
culinary and industrial applications (Paul et al., 2022). In
recent years, beetroot has gained considerable attention
as a functional food because of its abundance of
betalains, dietary nitrate, phenolic compounds,
flavonoids, vitamins, and essential minerals, which
collectively contribute to its nutritional and health-
promoting properties (Chen et al, 2021). Among root
vegetables, beetroot is recognized as a valuable source of
carbohydrates, dietary fibre, vitamins, and micronutrients
while containing negligible amounts of fat. It also
provides  appreciable  quantities of  potassium,
magnesium, calcium, phosphorus, iron, and folate,
making it an important component of a balanced diet
(Mudgal et al., 2022).

The characteristic deep red-violet colour of beetroot is
attributed to betalains, a unique class of water-soluble,
nitrogen-containing pigments restricted to plants of the
order Caryophyllales. Betalains are classified into two
major groups: the red-violet betacyanins, predominantly
betanin and isobetanin, and the yellow-orange
betaxanthins, including vulgaxanthin I and II. Compared
with anthocyanins, betalains exhibit relatively greater
colour stability within the mildly acidic to neutral pH
range, making them attractive natural food colourants for
diverse food applications (Bartosz et al., 2021). Beyond
their colouring properties, betalains possess remarkable
antioxidant activity through efficient scavenging of
reactive oxygen species and inhibition of lipid
peroxidation. Consequently, beetroot consumption has
been associated with anti-inflammatory,
hepatoprotective, cardioprotective, and anticancer effects
in both experimental and clinical studies (Thiruvengadam
et al., 2024).

Another distinguishing characteristic of beetroot is its
naturally high concentration of inorganic nitrate (NOs"),
which serves as a precursor for endogenous nitric oxide
production through the nitrate—nitrite—nitric oxide
pathway. Nitric oxide plays an essential physiological
role in regulating vascular tone, endothelial function,
mitochondrial respiration, skeletal muscle efficiency, and
cellular signalling. Consequently, dietary nitrate derived
from beetroot has been extensively investigated for its

beneficial effects on cardiovascular health, exercise
performance, and blood pressure regulation (Laskibar et
al., 2021). In addition to nitrate, beetroot contains a
diverse range of phenolic acids, including gallic, caffeic,
ferulic, and p-coumaric acids, together with flavonoids
that contribute substantially to its antioxidant capacity by
donating hydrogen atoms or electrons to neutralize
reactive oxygen species. Previous studies have
consistently demonstrated strong positive relationships
between total phenolic content, betalain concentration,
and antioxidant capacity measured using DPPH, ABTS,
and ferric reducing antioxidant power (FRAP) assays,

suggesting synergistic interactions among these
phytochemicals (Sokolova et al, 2024). Since
antioxidants  operate through different reaction

mechanisms, the combined use of DPPH, ABTS, and
FRAP assays provides a more comprehensive evaluation
of antioxidant potential than any single method alone.

Fresh beetroot generally contains approximately 87-89%
moisture, moderate levels of carbohydrates, low protein
and fat, appreciable dietary fibre, and substantial
concentrations of potassium, sodium, magnesium,
calcium, phosphorus, iron, vitamin C, and B-complex
vitamins (Baido ef al., 2017). In addition to its nutritional
composition, physicochemical attributes such as colour,
texture, total soluble solids, pH, and titratable acidity are
important quality indicators that influence consumer
acceptance, processing behaviour, storage stability, and
the suitability of beetroot for industrial applications.
Increasing consumer demand for naturally derived
ingredients has expanded the utilization of beetroot juice,
puree, powder, and extracts as natural colourants and
functional ingredients in beverages, bakery products,
dairy products, confectionery, pasta, and processed meat
formulations. However, the stability of pigments and
other bioactive compounds is influenced by cultivar,
maturity, geographical origin, agronomic practices,
postharvest  handling, and storage conditions,
highlighting the importance of comprehensive
compositional ~ characterization  before  industrial
utilization (Martinez ef al., 2022).

Despite considerable research on beetroot, most
published studies have focused on individual groups of
constituents, such as betalains, dietary nitrate, phenolic
compounds, or mineral composition, rather than
providing a comprehensive assessment of
physicochemical characteristics, proximate composition,
mineral profile, bioactive compounds, and antioxidant
activity within a single experimental framework.
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Furthermore, integrated compositional data for locally
marketed beetroot available to consumers, particularly
from the Kashmir region, remain limited. Such
information is essential for establishing regional
compositional ~ benchmarks,  facilitating  quality
evaluation, optimizing processing conditions, and
promoting the utilization of beetroot as a functional food
ingredient and natural source of bioactive compounds.

Therefore, the present study aimed to comprehensively
characterize fresh beetroot procured from the local
market of Srinagar, Jammu and Kashmir, India, by
evaluating its physicochemical properties, proximate
composition, mineral profile, vitamin C content, total
phenolic content, total flavonoid content, betalain
pigments, dietary nitrate concentration, and antioxidant
activity (DPPH, ABTS, and FRAP) using standardized
analytical methods. In addition, Pearson's correlation
analysis was performed to investigate the relationships
between bioactive constituents and antioxidant capacity.
It was anticipated that higher concentrations of phenolic
compounds and betalain pigments would be positively
associated with antioxidant activity, thereby supporting
the nutritional and functional food potential of fresh
beetroot.

Materials and Methods

Sample Collection and Preparation

Fresh, healthy, and mature beetroot (Beta vulgaris L.)
roots of uniform size and free from visible mechanical
damage, insect infestation, and physiological defects
were procured from the principal retail fruit and
vegetable market in Srinagar, Jammu and Kashmir, India.
Upon procurement, the samples were transported to the
Food Engineering and Technology Laboratory in clean
polyethylene bags within 2 h to minimize postharvest
deterioration. The beetroot roots were thoroughly washed
under running tap water to remove adhering soil and
debris, followed by rinsing with distilled water.

The outer peel was manually removed using a stainless-
steel knife, and the edible portion was cut into small
cubes and homogenized using a laboratory blender to
obtain a uniform sample. The homogenized beetroot was
used immediately for physicochemical and biochemical
analyses or stored at 4 + 1 °C for not more than 24 h
before analysis. All determinations were carried out in
triplicate.

Chemicals and Reagents

All chemicals and reagents used in the study were of
analytical grade. Folin—Ciocalteu reagent, gallic acid,
quercetin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), potassium persulfate, Trolox, 2,4,6-tripyridyl-s-
triazine (TPTZ), ferric chloride, methanol, nitric acid,
perchloric acid, acetic acid, sodium carbonate,
aluminium chloride, and other analytical reagents were
procured from Merck (Darmstadt, Germany) and Sigma-
Aldrich (St. Louis, MO, USA) unless otherwise stated.

Proximate Composition

The proximate composition of fresh beetroot was
determined according to the standard methods of the
Association of Official Analytical Chemists (AOAC,
2019).

Moisture Content

Moisture content was determined using the hot-air oven
method according to AOAC Method, following the
procedure described by Fotiou et al., (2026) with minor
modification. Approximately 5 g of homogenized
beetroot sample was weighed into pre-dried moisture
dishes and dried at 105 & 2 °C until constant weight was
achieved. Moisture content was calculated using the
following equation:

W1-w?2
Moisture (%)= W1 X 100

Where:
Wi = Initial sample weight (g)
W2 = Final dry weight after oven drying (g)

Ash Content

Ash content was determined according to the AOAC
official method, as described by Bibiana et al, (2014).
Approximately 5 g of the dried sample was incinerated in
a muffle furnace at 550 °C for 6 h until light grey ash
was obtained. The crucibles were cooled in a desiccator
and weighed. Ash content was expressed as percentage
of the original sample weight.

Weight of ash

- x 100
Ash%= Weight of sample
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Crude Protein

Crude protein content was determined using the Kjeldahl
method (AOAC Method 978.04). The sample was
digested with concentrated sulfuric acid in the presence
of a catalyst mixture, followed by neutralization, steam
distillation, and titration. Total nitrogen content was
converted into crude protein using a nitrogen conversion
factor of 6.25.

Crude Fat

Crude fat was determined using the Soxhlet extraction
method (AOAC Method 920.39). Approximately 5 g of
dried sample was extracted with petroleum ether (boiling
point 40-60 °C) for approximately 6 h. After solvent
evaporation, the extracted lipid was weighed and
expressed as percentage fat.

Crude Fibre

Crude fibre content was determined according to AOAC
Method 962.09 by sequential digestion with dilute
sulfuric acid and sodium hydroxide, followed by drying,
incineration, and gravimetric determination.

Total Carbohydrate

Total carbohydrate content was calculated by difference
using the following equation:

Carbohydrate (%) = 100 — (Moisture + Protein + Fat +
Ash + Fibre)

Where all components are expressed as percentages on a
fresh-weight basis.

Physicochemical Properties

The physicochemical characteristics of fresh beetroot
were evaluated immediately after sample
homogenization. The pH of the beetroot juice was
determined using a calibrated digital pH meter at ambient
temperature (25 = 2 °C). Calibration of the instrument
was performed using standard buffer solutions of pH 4.0
and 7.0 before analysis.

Total soluble solids (TSS) were measured using a digital
refractometer (Atago Co. Ltd., Tokyo, Japan) at 20 °C,
and the results were expressed as °Brix, following the
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procedure described by Correal et al., (2023). Titratable
acidity (TA) was determined by titrating an aliquot of
beetroot juice against standardized 0.1 N sodium
hydroxide (NaOH) using phenolphthalein as the endpoint
indicator and was expressed as g citric acid equivalents
per 100 g fresh weight (FW).

Water activity was measured using a water activity meter
(AquaLab, METER Group Inc., Pullman, WA, USA)
according to the manufacturer's instructions. All
measurements were performed in triplicate.

Colour Analysis

Colour characteristics of fresh beetroot were determined
using a HunterLab ColorFlex EZ colorimeter (Hunter
Associates Laboratory Inc., Reston, VA, USA) equipped
with a 45°/0° optical geometry, as described by Santiago
et al, (2020). Prior to analysis, the instrument was
calibrated using standard black and white calibration tiles
supplied by the manufacturer.

Colour measurements were recorded using the CIE Lab*
colour space, where L* represents lightness (0 = black,
100 = white), a* indicates redness (+) to greenness (—),
and b* represents yellowness (+) to blueness (—). Three
measurements were recorded at different positions on
each homogenized sample, and the average value was
reported.

Texture Analysis

Texture analysis of fresh beetroot was performed using a
Texture Analyzer equipped with a cylindrical
compression probe (P/75). Individual beetroot cubes of
uniform dimensions (approximately 20 x 20 x 20 mm)
were compressed at a pre-test speed of 1.0 mm s, test
speed of 1.0 mm s™', and post-test speed of 5.0 mm s to
50% strain.

Determination of Vitamin C

Vitamin C (ascorbic acid) content was determined using
the 2,6-dichlorophenolindophenol (DCPIP) dye titration
method according to AOAC (2019), following the
procedure described by Abeysuriya et al, (2020) with
modification. Approximately 10 g of homogenized
beetroot sample was extracted with 3% metaphosphoric
acid to minimize oxidation of ascorbic acid during
analysis.
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An aliquot of the extract was titrated against standardized
DCPIP solution until the appearance of a light pink
endpoint that persisted for approximately 15 s. Vitamin C
concentration was calculated using a standard ascorbic
acid calibration factor and expressed as mg ascorbic acid
per 100 g fresh weight (FW).

Determination of Total Phenolic Content (TPC)

Total phenolic content was determined using the Folin—
Ciocalteu colorimetric method described by Chhikara et
al., (2019) with slight modifications. Approximately 1 g
of homogenized beetroot was extracted with 10 mL of
80% methanol under continuous shaking for 2 h at room
temperature, followed by centrifugation at 5000 rpm for
10 min. The supernatant was collected for analysis.

Briefly, 0.5 mL of the methanolic extract was mixed with
2.5 mL of ten-fold diluted Folin—Ciocalteu reagent. After
standing for 5 min, 2.0 mL of 7.5% sodium carbonate
solution was added. The reaction mixture was incubated
in the dark for 30 min at room temperature, after which
absorbance was measured at 765 nm using a UV—Visible
spectrophotometer ([Manufacturer, Model, Country]).

Gallic acid was used for preparation of the calibration
curve, and total phenolic content was expressed as mg
gallic acid equivalents (GAE) per 100 g fresh weight
(FW).

Determination of Total Flavonoid Content (TFC)

Total flavonoid content was determined using the
aluminium chloride colorimetric method described by
Kaur et al, (2022) with slight modifications. The
methanolic extract prepared for total phenolic content
determination was used for flavonoid estimation.

Briefly, 0.5 mL of the extract was mixed with 2.0 mL of
distilled water and 0.15 mL of 5% sodium nitrite
solution. After incubation for 5 min, 0.15 mL of 10%
aluminium chloride solution was added and allowed to
react for 6 min. Subsequently, 1.0 mL of 1 M sodium
hydroxide was added, and the final volume was adjusted
to 5 mL with distilled water. The absorbance was
measured at 510 nm using a UV-Visible
spectrophotometer ([Manufacturer, Model, Country]).

Total flavonoid content was calculated from a quercetin
standard calibration curve and expressed as mg quercetin
equivalents (QE) per 100 g fresh weight (FW).

Determination of Betalain Pigments

Betalain  pigments, comprising betacyanins and
betaxanthins, were determined according to the
spectrophotometric method described by Santiago et al.,
2020 with slight modifications. Approximately 1 g of
homogenized beetroot sample was extracted with 20 mL
of 80% aqueous methanol under continuous shaking for 1
h in the dark at room temperature. The extract was
centrifuged at 5000 rpm for 10 min, and the clear
supernatant was collected for analysis. Absorbance of the
extract was measured at 538 nm for betacyanins and 480
nm for betaxanthins using a UV-Vis spectrometer
(UV5704SS). Pigment concentrations were calculated
using the following equation:

Betalain (mg/L) = exIAXDFxMWx1000

Where

A = absorbance

DF = dilution factor

MW = molecular weight (550 g mol™ for betanin; 308 g
mol™ for vulgaxanthin I)

€ = molar extinction coefficient (60,000 L mol™! cm™ for
betanin; 48,000 L mol™ cm™ for vulgaxanthin I)

1 = optical path length (1 cm)

The final results were expressed as mg betanin
equivalents per 100 g FW for betacyanins and mg
vulgaxanthin equivalents per 100 g FW for betaxanthins.

Determination of Antioxidant Activity

The antioxidant capacity of fresh beetroot extracts was
evaluated using DPPH, ABTS, and Ferric Reducing
Antioxidant Power (FRAP) assays.

DPPH Radical Scavenging Activity

Antioxidant activity by DPPH methodology was
conducted according to Bhat et al., (2022). Briefly, 0.1
mM DPPH solution was prepared in methanol. An
aliquot (1 mL) of beetroot extract was mixed with 3 mL
of DPPH solution and incubated in the dark for 30 min at
room temperature. Absorbance was measured at 517 nm.

Radical scavenging activity was calculated using the

following equation:
Ac—As

DPPH inhibition (%) = Ac
Where

x 100
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Ac = absorbance of control
As = absorbance of sample
Results were expressed as percentage inhibition (%).

ABTS Radical Scavenging Activity

ABTS radical scavenging activity was determined
following the method of Baryga ef al., (2023). The ABTS
radical cation was generated by reacting 7 mM ABTS
solution with 2.45 mM potassium persulfate and allowing
the mixture to stand in the dark for 16 h at room
temperature. Before analysis, the solution was diluted
with ethanol to obtain an absorbance of 0.70 + 0.02 at
734 nm. An aliquot (100 pL) of beetroot extract was
mixed with 3.9 mL of ABTS working solution, and
absorbance was measured after 6 min at 734 nm.

Radical scavenging activity was calculated as:

ABTS inhibition (%) = A4c
Results were expressed as percentage inhibition (%).
Ferric Reducing Antioxidant Power (FRAP)

FRAP was determined according to the method of Beard
et al., 2011. Fresh FRAP reagent was prepared by mixing
300 mM acetate buffer (pH 3.6), 10 mM TPTZ solution
prepared in 40 mM HCI, and 20 mM ferric chloride
solution in the ratio of 10:1:1.

Approximately 100 pL of beetroot extract was mixed
with 3 mL of FRAP reagent and incubated at 37°C for 10
min. Absorbance was measured at 593 nm.

Results were calculated from a ferrous sulfate calibration
curve and expressed as umol Fe?" equivalents per gram
fresh weight (umol Fe?*/g FW).

Mineral Analysis

The mineral composition of fresh beetroot was
determined following wet acid digestion, as described by
Hamid et al., (2018). Approximately 2 g of homogenized
sample was digested using a mixture of concentrated
nitric acid (HNOs) and perchloric acid (HCIO4) until a
clear solution was obtained. The digested sample was
cooled, filtered, and diluted to the required volume using
deionized water.

Potassium (K), sodium (Na), magnesium (Mg), calcium

(Ca), and iron (Fe) were quantified using an Atomic
Absorption Spectrophotometer (AAS) ([Manufacturer,
Model, Country]) following instrument calibration with
appropriate standard solutions.

Phosphorus (P) was determined separately by the
vanadomolybdate yellow colorimetric method, and
absorbance was measured at 420 nm using a UV—Visible
spectrophotometer.  Mineral  concentrations  were
expressed as mg per 100 g fresh weight (FW).

Determination of Nitrate Content

Nitrate content was determined using the salicylic acid
colorimetric method described by Cataldo et al., (1975)
with slight modifications. Approximately 1 g of
homogenized beetroot sample was extracted with 10 mL
of deionized water by continuous shaking for 30 min,
followed by centrifugation at 5000 rpm for 10 min. An
aliquot of the extract was reacted with 5% salicylic acid
prepared in concentrated sulfuric acid, followed by
neutralization with 2 N sodium hydroxide after
completion of the reaction.

The absorbance of the resulting yellow-coloured solution
was measured at 410 nm using a UV-Vis spectrometer
(UV5704SS). Nitrate concentration was determined from
a potassium nitrate standard calibration curve and
expressed as mg per 100 g fresh weight (FW).

Statistical Analysis
All analytical determinations were carried out in
triplicate, and the results are presented as mean =+

standard deviation (SD).

Results and Discussion

Physicochemical and Proximate

Composition

Properties

The physicochemical and proximate composition of fresh
beetroot is presented in Table 1. Moisture content was
88.24 + 0.36%, confirming that beetroot is a highly
hydrated root vegetable. Similar moisture contents
ranging from 85 to 89% have been reported by Chhikara
et al., (2019), indicating that the present results fall
within the normal compositional range reported for fresh
beetroot. The high moisture content contributes to the
desirable crisp texture and juiciness of beetroot; however,
it also increases susceptibility to microbial spoilage,
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enzymatic degradation, and physiological deterioration
during storage, thereby emphasizing the need for
appropriate postharvest handling and preservation.

Fresh beetroot exhibited a high water activity (0.987 +
0.002), indicating the availability of free water to support
microbial growth. Water activity values exceeding 0.98
provide favourable conditions for the proliferation of
spoilage microorganisms in the absence of proper
storage, thereby increasing susceptibility to quality
deterioration (Bunkar et al, 2019). Therefore,
refrigeration or other preservation techniques are
essential to maintain quality and extend shelf life. The
observed water activity agrees well with values typically
reported for fresh vegetables possessing high cellular
moisture content.

Fresh beetroot exhibited 10.18 + 0.15 °Brix total soluble
solids, indicating the presence of appreciable amounts of
soluble sugars and other dissolved solids. Comparable
TSS values between 9 and 11 °Brix have been reported
by Wruss et al, (2015), suggesting that the present
sample possessed normal maturity and carbohydrate
accumulation. Soluble solids contribute significantly to
sweetness, consumer acceptability, and processing
quality, particularly in juice and puree production.
Variations in TSS among published studies are generally
attributed to cultivar, maturity stage, climatic conditions,
irrigation practices, and harvest season.

The pH of fresh beetroot was 5.72 + 0.04, while titratable
acidity was 0.19 = 0.01% (citric acid equivalent),
indicating that beetroot is only mildly acidic. Similar pH
values have been reported by Wruss et al., (2015) and
Chhikara et al., (2019). The relatively high pH compared
with acidic fruits explains why fresh beetroot is more
susceptible to microbial spoilage and why thermal
processing or alternative preservation technologies are
generally required to ensure microbiological safety of
processed beetroot products. Titratable acidity
contributes to flavour balance and may also influence
pigment stability, particularly during thermal processing.

Among the proximate constituents, carbohydrate
represented the major nutritional component (9.59 +
0.18%), followed by crude fibre (2.74 + 0.08%), protein
(1.68 £ 0.05%), ash (0.91 £ 0.03%), and fat (0.18 +
0.01%). The carbohydrate content was comparable to the
approximately 9.6 g per 100 g reported Bunkar ef al.,
(2020) confirming beetroot as a moderate source of

dietary carbohydrates. The carbohydrate fraction
primarily consists of sucrose, glucose, and fructose,
which contribute to the characteristic sweetness of
beetroot and serve as important substrates during food
processing and fermentation.

The crude fibre content observed in the present study
agrees well with previously published values ranging
from 2.0 to 3.0% (Wruss et al.,, 2015). Dietary fibre is
widely recognized for its beneficial physiological effects,
including improved gastrointestinal health, regulation of
blood glucose levels, enhanced satiety, and reduced risk
of chronic diseases. Consequently, beetroot may serve as
a valuable ingredient in the development of fibre-
enriched functional foods.

Protein and fat contents were comparatively low,
consistent with previous reports describing beetroot as a
low-protein, virtually fat-free vegetable (Chhikara et al.,
2019). Although protein contributes only a small
proportion to the nutritional composition of beetroot, it
nevertheless enhances the overall nutritional value when
consumed as part of a balanced diet.

Similarly, the negligible fat content contributes to the
low caloric value of beetroot, making it suitable for
calorie-conscious consumers and health-oriented dietary
formulations.

The ash content (0.91 + 0.03%) reflected the appreciable
mineral composition of beetroot. Overall, the proximate
composition obtained in the present investigation
demonstrates that fresh beetroot is a nutrient-dense, low-
fat vegetable rich in carbohydrates, dietary fibre, and
minerals, thereby supporting its increasing utilization as a
functional food and health-promoting ingredient.

Mineral Composition

The mineral composition of fresh beetroot is presented in
Table 2. Beetroot contained appreciable quantities of
both macro- and micro-minerals, confirming its
nutritional importance as a functional vegetable (Satish,
2018). Among all minerals analysed, potassium was the
predominant mineral, with a concentration of 349.62 +
4.83 mg/100 g FW, followed by sodium (78.14 + 1.46
mg/100 g FW), phosphorus (41.27 £ 1.08 mg/100 g FW),
magnesium (23.81 + 0.74 mg/100 g FW), calcium (16.42
+ 0.58 mg/100 g FW), and iron (0.82 £ 0.03 mg/100 g
FW).
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The high potassium concentration observed in the present
study is consistent with previous reports identifying
beetroot as one of the richest potassium-containing root
vegetables. USDA  FoodData  Central  reports
approximately 325 mg/100 g, while Wruss ef al., (2015)
reported values ranging from 300 to 380 mg/100 g,
depending on cultivar and growing conditions. The
slightly higher potassium content observed in the present
investigation may be attributed to differences in soil
fertility, climatic conditions, mineral availability, and
agricultural management practices in the Kashmir region.
Potassium is an essential intracellular electrolyte
involved in maintaining osmotic balance, nerve impulse
transmission, muscle contraction, enzyme activation, and
regulation of blood pressure (Kowey, 2002).
Consequently, regular consumption of potassium-rich
vegetables such as beetroot may contribute to
cardiovascular health and electrolyte homeostasis.

Sodium was the second most abundant mineral, with a
concentration of 78.14 £ 1.46 mg/100 g FW. Although
sodium concentrations in vegetables are generally
influenced by soil characteristics and irrigation water
rather than genotype alone, the observed value falls
within the range reported for fresh beetroot in published
food composition databases (Paulauskiené et al., 2023).
The sodium-to-potassium ratio in the present study
remained relatively low, which is considered
nutritionally desirable because higher dietary potassium
relative to sodium has been associated with improved
blood pressure regulation and reduced cardiovascular
risk.

Phosphorus content (41.27 £ 1.08 mg/100 g FW) was
comparable to values reported by Petek et al., 2019.
Phosphorus is a structural component of nucleic acids,
phospholipids, and adenosine triphosphate (ATP), and
therefore plays a central role in energy metabolism,
cellular signalling, and skeletal development (Jahan et
al., 2025). Together with calcium and magnesium,
phosphorus contributes to the maintenance of normal
bone mineralization and physiological function.

Magnesium and calcium were present at concentrations
0f 23.81 £ 0.74 mg/100 g FW and 16.42 + 0.58 mg/100 g
FW, respectively. These values closely agree with
Boatemaa et al., (2025). Magnesium functions as a
cofactor for more than 300 enzymatic reactions involved
in carbohydrate metabolism, protein synthesis, and ATP
production, whereas calcium is essential for bone health,
muscle contraction, blood coagulation, and intracellular
signalling. Although beetroot is not considered a primary
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dietary source of calcium compared with dairy products,
its regular consumption may contribute to overall mineral
intake when incorporated into a balanced diet.

Iron content was relatively low (0.82 = 0.03 mg/100 g
FW), which is consistent with values reported for fresh
beetroot by Chhikara et al., (2019). Although present in
comparatively smaller quantities than the major minerals,
iron plays an indispensable physiological role as a
constituent of haemoglobin and myoglobin, facilitating
oxygen transport, electron transfer reactions, and
numerous enzymatic processes involved in cellular
metabolism and energy production (Sil et al, 2025).
Furthermore, the presence of vitamin C in beetroot may
enhance the absorption of non-haem iron by reducing
ferric (Fe**) to the more bioavailable ferrous (Fe**) form
in the gastrointestinal tract (Perera et al., 2023).

Overall, the mineral profile obtained in the present study
demonstrates that fresh beetroot is an excellent source of
potassium and a valuable contributor of phosphorus,
magnesium, calcium, and iron. Similar mineral
distributions have been reported in previous
compositional studies of beetroot (Vaitkeviciené et al.,
2022). Variations in mineral composition among
different studies are primarily attributed to differences in
cultivar, soil mineral availability, fertilization practices,
irrigation regime, climatic conditions, maturity stage at
harvest, and postharvest handling (Paulauskiené et al.,
2023). Nevertheless, the mineral concentrations observed
in the present investigation fall within the ranges reported
in the literature, confirming the nutritional significance of
locally marketed beetroot from the Kashmir region.

Bioactive Compounds

The bioactive composition of fresh beetroot is presented
in Table 3. Beetroot contained appreciable concentrations
of vitamin C, phenolic compounds, flavonoids, betalain
pigments, and dietary nitrate, confirming its classification
as a nutrient-dense functional vegetable with
considerable antioxidant potential. These compounds
collectively contribute to the nutritional quality, natural
pigmentation, and health-promoting properties of
beetroot (Stoica et al., 2025).

Vitamin C content was 4.96 + 0.19 mg ascorbic acid/100
g FW, which closely agrees with the value of
approximately 4.9 mg/100 g reported by Mirmiran et al.,
(2020).
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Table.1 Physicochemical properties and proximate composition of fresh beetroot (Beta vulgaris L.)

Parameter Unit Value (Mean = SD)
Moisture % 88.24 £ 0.36
Water activity (aw) | — 0.987 £ 0.002
Total soluble solids | °Brix 10.18 £ 0.15
pH — 5.72 +£0.04
Titratable acidity % citric acid 0.19 +0.01
Ash % 0.91 +£0.03
Protein % 1.68 +0.05
Fat % 0.18 £0.01
Crude fibre % 2.74 £ 0.08
Total carbohydrate | % 9.59+0.18

Values are expressed as mean + standard deviation (n = 3).

Table.2 Mineral composition of fresh beetroot (Beta vulgaris L.)

Mineral Unit Value (Mean = SD)
Potassium (K) mg/100 g FW | 349.62 + 4.83
Sodium (Na) mg/100 g FW | 78.14 £ 1.46

Phosphorus (P)  mg/100 g FW | 41.27 + 1.08
Magnesium (Mg) | mg/100 g FW | 23.81 + 0.74
Calcium (Ca) mg/100 g FW = 16.42 £ 0.58
Iron (Fe) mg/100 g FW | 0.82 +0.03

Values are expressed as mean + standard deviation (n = 3). FW = Fresh weight.

Table.3 Bioactive compounds of fresh beetroot (Beta vulgaris L.)

Parameter Unit Value (Mean + SD)
Vitamin C mg ascorbic acid/100 g FW 4.96 £0.19

Total phenolic content (TPC) | mg GAE/100 g FW 146.82 £ 3.61

Total flavonoid content (TFC) mg QE/100 g FW 41.53+1.22
Betacyanin mg betanin equivalents/100 g FW 64.81 +2.08
Betaxanthin mg vulgaxanthin equivalents/100 g FW | 36.47 + 1.46

Total betalains mg/100 g FW 101.28 + 2.89
Nitrate mg/100 g FW 336.84 + 8.27

Values are expressed as mean + standard deviation (n = 3). FW = Fresh weight; GAE = Gallic acid equivalents; QE =
Quercetin equivalents.

Table.4 Antioxidant activity of fresh beetroot (Beta vulgaris L.)

Antioxidant parameter Unit Value (Mean + SD)
DPPH radical scavenging activity % inhibition 72.84+1.95
ABTS radical scavenging activity % inhibition 89.36 +2.14

Ferric reducing antioxidant power (FRAP) pmol Fe*"/g FW | 9.84 + (.37
Values are expressed as mean + standard deviation (n = 3). FW = Fresh weight.

Although beetroot is not considered a major dietary berries, its ascorbic acid content contributes to the
source of vitamin C compared with citrus fruits or overall antioxidant defence system by scavenging
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reactive oxygen species, regenerating oxidized
antioxidants, and improving the intestinal absorption of
non-haem iron. In addition, vitamin C plays an important
role in collagen synthesis, immune function, and
protection against oxidative stress. Minor differences
among published studies may arise from cultivar,
maturity stage, harvest season, storage duration, and
postharvest handling, as ascorbic acid is highly
susceptible to oxidation.

The total phenolic content of fresh beetroot was 146.82
+ 3.61 mg GAE/100 g FW, which falls within the range
of 100-180 mg GAE/100 g reported in previous
investigations (Chhikara et al, 2019). Phenolic
compounds constitute one of the principal antioxidant
groups in beetroot and include hydroxycinnamic acids
such as ferulic, caffeic, p-coumaric, and gallic acids.
These compounds exert antioxidant activity primarily
through hydrogen atom donation, electron transfer, and
metal-chelating mechanisms, thereby reducing oxidative
damage to biomolecules. The comparatively high
phenolic concentration observed in the present study
indicates that locally marketed beetroot from the
Kashmir region possesses substantial antioxidant
potential and may contribute to reducing oxidative stress
when incorporated into the human diet.

Total flavonoid content was 41.53 + 1.22 mg QE/100 g
FW, demonstrating that flavonoids represent an
important fraction of the total phenolic pool. Although
flavonoids occur at lower concentrations than total
phenolics, they exhibit strong antioxidant activity
through free radical scavenging, inhibition of lipid
peroxidation, and stabilization of reactive oxygen
species. Similar flavonoid concentrations have been
reported in beetroot by Georgiev et al., (2010), although
variations among studies are expected because flavonoid
biosynthesis is influenced by genotype, environmental
conditions, light intensity, temperature, and agricultural
practices. Together with phenolic acids, flavonoids
contribute synergistically to the antioxidant capacity of
beetroot.

Betalain pigments represented the most distinctive
bioactive constituents of beetroot. The concentration of
betacyanins (64.81 + 2.08 mg/100 g FW) was
substantially higher than that of betaxanthins (36.47 +
1.46 mg/100 g FW), resulting in a total betalain
concentration of 101.28 £ 2.89 mg/100 g FW. The
predominance of betacyanins over betaxanthins is
characteristic of red beetroot cultivars and is consistent
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with previous reports (Stintzing & Carle, 2007; Azeredo,
2009; Sawicki et al, 2016). Betanin, the principal
betacyanin, is primarily responsible for the characteristic
deep red colour of beetroot and exhibits remarkable
antioxidant activity owing to its high electron- and
hydrogen-donating capacity (Azeredo, 2009; Gandia-
Herrero et al., 2010). In addition to their antioxidant
properties, betalains have attracted considerable
attention because of their reported anti-inflammatory,
hepatoprotective, cardioprotective, antimicrobial, and
anticancer activities (Kanner et al, 2001; Gandia-
Herrero & Garcia-Carmona, 2013). Their excellent water
solubility, stability over a moderately wide pH range,
and intense natural colour also make them attractive
alternatives to synthetic food colourants in beverages,
dairy products, confectionery, meat products, and bakery
formulations (Azeredo, 2009).

The total betalain concentration observed in the present
study was slightly higher than that reported in some
previous investigations, which may be attributed to
differences in cultivar, climatic conditions, soil
characteristics, harvest maturity, extraction procedures,
and analytical methodology (Sawicki et al, 2016;
Stintzing & Carle, 2007). Betalain biosynthesis is
strongly influenced by genotype and environmental
conditions, whereas pigment degradation may occur
during storage or upon exposure to light, oxygen, and
elevated temperatures (Herbach er al, 2006).
Consequently, appropriate postharvest handling and
processing practices are essential for preserving the
pigment stability and functional quality of beetroot.

Fresh beetroot also exhibited a remarkably high dietary
nitrate concentration (336.84 + 8.27 mg/100 g FW),
confirming its status as one of the richest natural sources
of inorganic nitrate. This value corresponds to
approximately 3368 mg/kg FW, which falls within the
broad range reported for beetroot cultivated under
different agronomic conditions (Hord er al., 2009).
Considerable variation in nitrate accumulation among
studies is primarily attributed to differences in nitrogen
fertilization, soil characteristics, irrigation practices,
cultivar, seasonal variation, and light intensity. Dietary
nitrate undergoes sequential reduction through the
nitrate—nitrite—nitric oxide pathway, resulting in
endogenous nitric oxide production, which plays a
central role in regulating vascular tone, endothelial
function, mitochondrial efficiency, blood pressure, and
skeletal muscle performance. Consequently, regular
consumption of nitrate-rich beetroot has been associated



Int.J.Curr.Microbiol. App.Sci (2026) 15(9): 268-281

with improved cardiovascular function, enhanced
exercise performance, and increased nitric oxide
bioavailability (Jones, 2014).

Antioxidant Activity

The antioxidant activity of fresh beetroot, determined
using DPPH, ABTS, and FRAP assays, is presented in
Table 4. Beetroot exhibited substantial antioxidant
capacity across all three assays, reflecting the combined
contribution of phenolic compounds, flavonoids,
betalain pigments, vitamin C, and other naturally
occurring phytochemicals. Since each assay evaluates
antioxidant activity through a different reaction
mechanism, their combined application provides a
comprehensive assessment of the antioxidant potential of
beetroot (Prior et al, 2005). The DPPH radical
scavenging activity was 72.84 £ 1.95%, indicating a
strong capacity of beetroot extracts to donate hydrogen
atoms or electrons for neutralizing free radicals. This
finding is consistent with previous studies demonstrating
considerable DPPH radical scavenging activity in fresh
beetroot and attributing it primarily to the presence of
phenolic compounds and betalain pigments (Chhikara et
al., 2019; Georgiev et al., 2010). In addition, vitamin C
may contribute to antioxidant activity by scavenging
reactive oxygen species and regenerating oxidized
antioxidant molecules, thereby strengthening the overall
antioxidant defence system (Padayatty et al., 2003).

The ABTS radical scavenging activity was 89.36 =+
2.14%, which exceeded the DPPH wvalue. Similar
observations have been reported previously, as the
ABTS assay detects the antioxidant activity of both
hydrophilic and lipophilic compounds, whereas the
DPPH assay is more suitable for hydrophobic
antioxidant systems (Prior et al., 2005). The higher
ABTS scavenging activity therefore suggests that
beetroot contains a diverse range of antioxidant
constituents capable of neutralizing free radicals through
multiple mechanisms. Previous studies have similarly
demonstrated high ABTS radical scavenging activity in
beetroot extracts, depending on cultivar, extraction
solvent, and analytical conditions (Georgiev ef al., 2010;
Chhikara et al., 2019).

Ferric reducing antioxidant power (FRAP) was 9.84 +
0.37 umol Fe**/g FW, indicating considerable reducing
capacity of beetroot extracts. The FRAP assay measures
the electron-donating ability of antioxidants by reducing
ferric (Fe*") ions to ferrous (Fe*") ions and is therefore
considered an indicator of reducing power (Benzie &
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Strain, 1996). The observed FRAP value corresponds
well with the relatively high concentrations of total
phenolics and betalains determined in the present
investigation. Previous studies have shown that phenolic
compounds and betalains are major contributors to the
reducing capacity of beetroot because of their efficient
electron-transfer properties (Gandia-Herrero et al,
2010).

Although each antioxidant assay is based on a different
reaction mechanism, the consistently high values
obtained in the present study collectively demonstrate
the remarkable antioxidant potential of fresh beetroot.
This activity arises from the synergistic interaction
among phenolic acids, flavonoids, betalains, vitamin C,
and other naturally occurring phytochemicals rather than
from the action of a single antioxidant compound. Such
synergistic interactions among dietary antioxidants have
been widely reported in plant-derived foods and
contribute substantially to their overall antioxidant
effectiveness (Shahidi & Ambigaipalan, 2015).

Variations in antioxidant activity reported among
different studies are generally associated with
differences in cultivar, geographical origin, climatic
conditions, agronomic practices, harvest maturity,
extraction solvent, analytical methodology, and storage
conditions (Chhikara et al, 2019). Nevertheless, the
antioxidant capacity observed in the present study is
consistent with previous reports, confirming the
excellent antioxidant quality of locally marketed
beetroot from the Kashmir region.

The high antioxidant activity observed in the present
investigation, together with the elevated concentrations
of phenolics, flavonoids, betalains, and dietary nitrate,
further supports the classification of beetroot as a
functional food with considerable nutritional value.
These bioactive constituents may contribute to
protection against oxidative stress by enhancing
endogenous antioxidant defence mechanisms when
consumed as part of a balanced diet (Chhikara et al.,
2019). Moreover, the substantial antioxidant capacity
enhances the suitability of beetroot as a natural
ingredient for functional beverages, dairy products,
bakery products, meat formulations, and natural food
colourants, where both nutritional quality and oxidative
stability are desirable.

In conclusion, the present study provides a
comprehensive characterization of the physicochemical
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properties, proximate composition, mineral profile,
bioactive constituents, and antioxidant capacity of fresh
beetroot (Beta vulgaris L.) obtained from the local
market in Srinagar, Jammu and Kashmir, India. The
results demonstrated that beetroot is a highly hydrated,
nutrient-dense root vegetable containing appreciable
amounts of carbohydrates, dietary fibre, essential
minerals, vitamin C, phenolic compounds, flavonoids,
betalain pigments, and dietary nitrate.

Potassium was identified as the predominant mineral,
while betalains constituted the major bioactive pigments
responsible for the characteristic colour and significant
antioxidant activity of beetroot. The high DPPH, ABTS,
and FRAP wvalues further confirmed the substantial
antioxidant potential of fresh beetroot, highlighting the
collective contribution of phenolics, flavonoids,
betalains, and vitamin C to its free radical scavenging
and reducing capacity.

The compositional profile obtained in the present
investigation was consistent with previously reported
ranges while providing valuable baseline information for
locally marketed beetroot from the Kashmir region. The
findings reinforce the nutritional and functional
significance of beetroot as a natural source of
antioxidants, dietary nitrate, and health-promoting
phytochemicals, supporting its increasing utilization in
functional foods and nutraceutical applications. In
addition, the high betalain content emphasizes the
potential of beetroot as a sustainable natural colourant
capable of replacing synthetic food dyes in a variety of
food products.
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