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ABSTRACT
Beetroot is known for the common varieties which are the red beetroot (Beta vulgaris L.var Rubra L.), characterized by a dark red
tuber and the white beetroot/cut beetroot (Beta vulgaris  L. var  Cicla  L.) with a whitish red tuber. Beetroot is also known for its
potential bioactive content, such as nitrate, phenolics, betalains, ascorbic acid, carotenoids and saponins, which are processed into
various functional foods of high nutritional value. This article aims to review role of the nitrate as a bioactive compound in red
beetroot, its benefits as a functional food ingredient and its benefits for health. The research was conducted at Brawijaya University
Malang, Indonesia during 2024. Nitrate is a major potential component in beetroot that  has  been  widely  studied  as  an implementation
in  health  improvement  such  as  metabolic disorders. Nitrate is naturally formed in plants and subsequently converted to nitric oxide
(NO) in the human body which is known to have beneficial effects for clinical application. NO could regulate  metabolic disorder-
induced metabolic diseases, such as reduced blood pressure, increased oxygen, nutrient delivery to the active muscle and mediator
for neurotransmission, vasodilatation, nerve function and also as immune defense. Beetroot can have added value if it is converted
into a functional product. Beetroot can be formulated as a fresh product, fermented, bread, powder, chips, gel and cereal bar.
Functional beetroot production can be a new strategy for increasing the nutritional content with high bioaccessibility such as nitrate,
potassium and antioxidants which have the potential to improve heart health and sports performance.

Key words: Bioactive compound, Functional food, Nitrate, Nitric oxide, Red beetroot.

Beetroots are plants that have been grown for medicinal
purposes for thousands of years. According to records
written in Europe, beetroots were cultivated before the tenth
century (Yashwant 2015). Beetroots are a type of root
vegetable source of natural antioxidants (Chhikara et al.
2019),  a source of dietary fiber, a source of minerals (potassium,
sodium, iron, copper, magnesium, calcium, phosphorus
and zinc), a source of vitamins (retinol, ascorbic acid and
B-complex), as well as being rich in bioactive compounds
such as nitrate, carotenoids, ascorbic acids, triterpenes,
betalains, phenolics and saponins mentioned in Fig 1
(Baião et al., 2016; Chhikara et al., 2019; Clifford et al.,
2015; Hadipour et al., 2020) and often known as NO Diet
(Baião et al., 2017; Nowacka et al., 2019) because it is rich
in nitrate, so beetroot is a high-nitrate plant (Lidder and
Webb, 2013). Dietary nitrates and nitrites serve as effective
NO (Nitric Oxide) donors under conditions of hypoxia and
ischemia (Bryan and Ivy, 2015). NO causes a vasodilatory
effect and increases blood flow to the muscles (Moazami
et al., 2015). It takes > 6.3 mmol to increase NO levels and
decrease blood pressure in normal people and Cardio
Vascular Disease (CVD) patients (Baião et al., 2020). The
high nitrate content in beetroot juice can increase the
athlete’s VO2 Max which biologically affects the utilization
of O2 regulators by muscle contractors so that the
distribution of O2 according to muscle needs and nitrate
supplementation until the fifteenth day can increase
mitochondrial mass so that it also increases the use of
NO in mitochondria to produce energy (Sanrebayu et al.,
2020).

Beetroots Originated in Mesopotamia and from Europe
and Asia Minor in the 8th century. Several varieties of beet
such as yellow beet (1700s) and sugar beet developed by
the Prussians in the 1800’s, now the more popular red
beetroot comes from the Mediterranean region, widely
cultivated in Europe, America and throughout Asia (Chawla
et al., 2016; Zohary et al., 2012). Two well-known beetroot
varieties are the red beetroot (Beta vulgaris L. var Rubra L.)
which is characterized by a dark red tuber and the white
beetroot/cut beetroot (Beta vulgaris L.var cicla L.) with a
whitish red tuber. Beetroots are a promising commodity for
cultivation because they can be harvested every 2.5-3
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months after the seeds are sown, Even though the two
types of beetroots cannot flower and set seeds in Indonesia
the seeds are still imported from abroad but can grow well
in Indonesia, especially in the highlands with an altitude of
> 1,000 m asl for red beetroots and at an altitude of 500 m
asl for white beetroots. Beetroots are unable to form tubers
if grown in lowlands. Therefore beetroots are widely grown
on the island of Java, especially Cipanas, Lembang,
Pangalengan and Batu (Asian Journal, 2017).

At the stage of growth, beet plants need direct exposure
to sunlight for around 6-8 hours. It needs regular watering
especially when the topsoil is dry. It needs to be kept moist
but not wet to avoid rot and fungus caused by excessive
watering. The sowing season in Bangalore (India) is in
July and August which is the best season for sowing seeds.
The sowing method uses row sowing. Sow the seeds at a
depth of 2 cm and each seed should be sown at intervals
of 5-10 cm (GreenMyLife, 2018). Beetroots develop better
in deep, looser, acidic soil that is rich in organic matter and
light, the optimum temperature ranges from 10C-20C.
The best color, taste and quality are achieved in cool
weather through the stages of the reproductive cycle. The
appearance of oval to heart-shaped leaves occurs in the
vegetative phase, around the stem, which grows upright.
Emission of flower tassels occurs with the production of 2-3
mm lenticular seeds, consisting of gromeruli during the
reproductive stage. The root system consists of a main
root and smaller roots with lateral branches. The taproot is
dark purplish red, round to long in shape and develops almost
at ground level (Kumar, 2015).

The way to benefit from beetroot, in the form of traditional
formulas such as cooked vegetables or fresh juices,
requires a very large amount of beetroot (Baião et al., 2016;
2017; 2018; Da Silva et al., 2016) but if too much will cause
discomfort to the stomach and can cause nausea and

vomiting. Beetroot juice is a source of nutrients and rich in
bioactive compounds. Freshly extracted beetroot juice
contains 62.20% Antioxidant activity, contains 990.7 mg/100 ml
total phenols, 790 mg/L anthocyanins and 520.3 mg/L
betanin, so it can be used as added value in food formulation
(Arora et al., 2019). Therefore it is necessary to supplement
beetroot with the right formulation and the appropriate
portion as well as effective nitrate concentration and other
bioactive compounds as an alternative that is suitable for
consumption such as consuming natural vegetables, by
maintaining the composition of nitrate and other bioactive
compounds contained in beetroot (Baião et al., 2017).

This article aims to review nitrate as a bioactive
compound in red beetroot, its benefits as a food ingredient, its
mechanism as a functional food and its benefits for health.

Beta vulgaris
Beta vulgaris is also known as beetroot. Beetroots belong to
the Chenopodiaceae family which includes around 1400
species which are divided into 105 genera (Chawla et al.,
2016) and are members of the dicot family. Beetroots are
classified in the Amarantaceae family, Genus Beta and Beta
vulgaris species (Indonesian Ministry of Health, 2018). The
edible part of the beetroot is the root. The main root is long,
sharp and sturdy and the side roots form a dense texture.
Roots are generally spherical or cylindrical in color red-purple/
yellow-golden/red-white depending on the beetroot variety.
Beetroot leaves emerge from the hypocotyl corolla and vary in
leaf size, shape and color. Seeds are known as multigerm
seeds because 1 seed can produce more than 1 sprout. The
outer part of the cork seed contains phenolic compounds
and inhibits germination as a physical barrier. The stems are
decumbent, erect and branched a lot. The flowers are very
small with 5 petals (Kezi and Sumathy, 2014). Here’s a
description of beetroot’s different parts (Fig 2).

Fig 1: Bioactive compounds in beets (Baião et al., 2016; Chhikara et al., 2019; Clifford et al., 2015; Hadipour et al., 2020).
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Taproot
This is the most commonly consumed part of the beetroot. It is
a thick, fleshy taproot that can range in shape from globular to
long and tapered. The skin is thin and smooth and while most
people are familiar with the dark purplish-red variety, some
beets can also be nearly white, orange, or even have concentric
red and white rings. The flesh has a sweet and earthy taste
and is often used in salads, soups, or as a side dish.

Leaves (Beet greens)
The leaves that grow from the top of the taproot are also edible
and nutritious. They are typically a dark green color with red
petioles (leaf stems) and midribs. Beet greens can be cooked
like spinach or chard and are rich in vitamins and minerals.

Stems
The stems connecting the leaves to the root are also edible.
They are often sautéed or used in stir-fries.

All parts of the beetroot plant-the root, leaves and
stems-are safe to eat and can be incorporated into a variety
of dishes (Biancardi et al., 2010).

In order for beet plants to grow optimally to produce
quality crops, it is necessary to control pests that can cause
crop failure. Pest control can be done as follows:
1. Flea beetles: do not threaten plants, only reduce value

due to hollow leaves.
2. Cercospora leaf spot disease: causes significant losses,

especially in late summer (high temperature, high humidity,
long leaf wet periods throughout the night). Impact: beets
fail to grow to full size if severe. Controlled by spraying
Mencozeb 2 g/L.

3. Rhizoctonia Root Rot. Impact: kills and stunts plants.
Controlled with Carbendazim 1 g/L (GreenMyLife, 2018).

The nutritional composition of beets in 100 grams of
ingredients as stated in the 2017 Indonesian Food Comp-
osition Table (TKPI) and 2018 United States D epar tm en t
of Agriculture (USDA) can be seen in the Table 1.

Beets not only consist of macronutrients and micronutrients,
but beets are a functional food source because they have
benefits for various diseases by containing important
components called bioactive compounds such as vitamins,
minerals, phenols, carotenoids, nitrates, ascorbic acid and
betalains. The effects of phytochemicals depend on the
bioaccessibility of nutrients during the digestive process
(Liliana and Oana-Viorela, 2020).

Beets are also a plant that is rich in nitrates, so beets
are a plant that is high in nitrate content. Table 2 shows the
average nitrate content in vegetables in mg/kg, mmol in
UK portions as a guide to estimating the number of nitrate
units per portion (1 nitrate unit = 1 mmol) to estimate nitrate
intake or to modify/alter intake as desired. Tap water and
mineral water are included in the table intended for
comparison (Lidder and Webb, 2013).

Beetroot are an important source of inorganic nitrate
with varying amounts of nitrate. It is reported that there is a
10-fold variation between single varieties (Mirmiran, 2020).
Some studies report nitrate levels in beetroot ranging from
644 - 1800 mg/kg (Lidder and Webb, 2013), although some
studies found higher amounts of nitrate in beetroot, such
as beetroot juice containing 4965 mg/L nitrate (Corleto et al.,
2018). Raw beetroot contains 4420 mg/kg but this amount
increases drastically to 42415 mg/kg after the dehydration
process (Sucu and Turp, 2018), likewise, beetroot powder
contains 14037 mg/kg nitrate (Ozaki et al., 2021). In
addition, fermenting beetroot juice and extract allows the
conversion of nitrates to nitrites first (Choi et al., 2017), thus
increasing the protective effect, which can be added to meat
products in the form of nitrites (Hwang et al., 2017; 2018).

Nitrate and nitrite production in plants
Nitrate  and  nitrite  is  produced  in  plant  by  nitrogen  cycle.
Nitrogen  cycle  is  a fundamental biogeochemical process
of a crop development that converts nitrogen into various
forms,  allowing  it  to  move  from  the  atmosphere  to  the
soil,  organisms,  and  back  to  the atmosphere (Astier; 2018;

Fig 2: (A) Beet physiology, (B) Red beet physiology Biancardi, et al., 2010.
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Valenzuela, 2023). Atmospheric N becomes available to
plants via a series of microbial transformations in the soil
(Geisseler, 2010; Grzyb, 2021). The process of the  nitrogen
cycle  consists  of  several  stages,  including  nitrogen  fixation,
nitrification, assimilation, ammonification and  denitrifi-cation
(Grzyb,  2021;  Brochado et al.,  2023).  Nitrogen fixation is the
initial step of the nitrogen cycle, where atmospheric nitrogen
(N2) is converted into ammonia (NH3).The symbiotic
nitrogen fixation is an indispensable process in the nitrogen
cycle, where bacteria of the genus Rhizobium establish
symbiotic associations with leguminous plants, such as
the common bean (Phaseolus vulgaris), soybean (Glycine
max) and pea (Pisum sativum) (Brito, 2011; Cunha, 2023;
Kamran, 2023). These bacteria have the ability to convert
atmospheric nitrogen into a form assimilable by plants
(Brochado et al., 2023).

After nitrogen fixation, the next stages is nitrification
which converting ammonia (NH3) into nitrite (NO2) and then

into nitrate (NO3). This process is carried out by nitrifying
bacteria in the soil, ammonia (NH3) is first converted into
nitrite by Nitrosomonas bacteria and then into nitrate by
Nitrobacter bacteria. Nitrates (NO3) are the primary source
of nitrogen for plants and they  can  be  taken  up  by  plant
roots and used  to  synthesize  amino  acids  and other nitrogen-
containing compounds (Valenzuela, 2023). Nitrification plays
a crucial role in transforming organic nitrogen compounds
into readily accessible inorganic forms for plants
(Brochado, 2023).

Assimilation is a next stages that incorporating ammonia
(NH3) and nitrates (NO3

-) into biological tissues, such as
plant and animal cells. This incorporation allows organisms
to utilize nitrogen for the synthesis of essential molecules,
such as proteins and nucleic acids (Mokhele, 2012,  Zhu,
2023).  After  assimilation,  processing  of  ammonification
occur  when  organisms excrete  waste  or  die, the  nitrogen
in  their  tissues  is  in  the  form  of  organic  nitrogen.  Various

Table 1: Composition of nutrients in 100 g of beets.

Nutrients Content per 100 g

Macro nutrients 87.58
Water (g) 43
Energy (kcal) 9.56-9.96
Carbohydrates (g) 7.96
Sugar (g) 2-2.8
Dietary fiber (g) 1.61-1.68
Proteinsfat (g) 0.17-0.18
Saturated fatty acids (g) 0.027
MUFA (g) 0.032
PUFA (g) 0.060
Phytosterols (mg) 25
Cholesterol (mg) 0
Essential and non-essential amino acids
Tryptophan (g) 0.019 Cystine (g) 0.019
Isoleucine (g) 0.048 Arginine (g) 0.042
Leucine (g) 0.068 Histidine (g) 0.021
Lysine (g) 0.058 Alanine (g) 0.060
Threonine (g) 0.047 Glutamic acid (g) 0.428
Methionine (g) 0.018 Glycine (g) 0.031
Phenylalanine (g) 0.046 Proline (g) 0.042
Tyrosine (g) 0.038 Aspartic acid (g) 0.116
Valine (g) 0.056 Serine (g) 0.059
Micronutrients
Vitamin Mineral
Carotenoids (µg) 2 Na (mg) 77
Thiamine (mg) 0.031 Ca (mg) 16
Riboflavin (mg) 0.27 Fe (mg) 0.79
Niacin (mg) 0.331 P (mg) 38
Pantothenic acid (mg) 0.145 K (mg) 305
Vitamin B6 (mg) 0.067 Mg (mg) 23
Ascorbic acid (mg) 3.6 Zn (mg) 0.35

The nutritional composition of beets in 100 grams of ingredients as stated in the 2017 Indonesian Food Composition Table (TKPI) and
2018 United States Department of Agriculture (USDA).
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fungi and prokaryotes then decompose the tissue and
release inorganic nitrogen back into the environment,
making it available for uptake by plants and other
microorganisms for growth (Kuypers, 2018). Nitrate-N that
is not taken up by plants, because it is soluble, may be
leached below  the root  zone, it may be converted to
dinitrogen (N2) or nitrous  oxide  (N2O)  gases  by heterotrophic
bacteria, called denitrification process (Grzyb, 2021; Wang,
2022).

Red beetroot as a functional food
Benefits of red beetroot as a functional ingredient in
various food products
Beetroots can have added value if they can be made into a
product (Table 3). Beetroot can be formulated as fresh juice,
fermented juice, bread, powder, chips, gel and cereal-bar
which have been tested on healthy and unhealthy volunteers
as a food supplement. Several products made from red
beetroot are in great demand among the public, such as
juice, yogurt, candy, jam, jelly, powder and ice cream
(Czyżewska et al., 2006; Baião et al., 2017; 2018; Hobbs
et al., 2014). Red beetroot is a tuber vegetable rich in
nutrients and bioactive compounds, traditionally used in
various food products because of its red color. Cereal-
based products such as bread, pastries, biscuits, pasta

and noodles are food sources of carbohydrates and protein
but lack micronutrients and fiber, thereby increasing
consumer demand for healthy foods that provide nutrient-
dense foods (Rousta et al. 2021).

The addition of red beetroot fiber to bread, rolls, cakes,
cupcakes, biscuits and cookies can increase the fiber, ash
and protein content while reducing the fat content due to
the higher nutritional content of beetroot powder (Hobbs et al.,
2014; Nagib and Zidan 2019;  Daunaravièiûtë et al., 2020).

Beetroots can be added to ready-to-eat snacks such
as extruded products and breakfast cereals. Formulated
as a functional snack with an attractive pink to red color it is
very popular with consumers because of its delicious taste,
texture and attractive appearance (Abdul Alam et al., 2018;
Lisiecka and Wójtowicz, 2021). Red beetroot powder and
beetroot juice can be used as a natural coloring in butter,
mayonnaise, cream cheese spread and cream cheese which
functions as a natural antimicrobial, reduces lipid oxides,
suppresses the growth of bacteria and fungi and reduces
peroxide levels. This is because the antioxidant activity of
beetroots is higher, resulting in dairy products with a longer
shelf life (Raikos et al., 2016, Asadaii et al., 2020).

The addition of beetroots in milk-based drinks such
as yogurt and fermented buttermilk drinks can reduce
acidity, increase antioxidant properties, antibacterial

Table 2: Nitrate content in plants (Lidder dan Webb 2013).

Average nitrate Average nitrate content [mmol
Estimated nitrate content

Vegetables
content (mg/kg)  per UK portion (80 g)]

 per UK portion (80 g) 1 unit
of nitrate = 1 mmol (62 mg)

High 1890 (113-2650) 2.44 (1.57-3.42)
Rocket / Arugula 2597 (2597) 3.35 (3.35-3.35)
Spinach 2137(965-4259) 2.76 (1.24-5.50)
Lettuce 1893 (970-2782) 2.44 (1.26-3.60) 2
Radish 1868 (1060-2600) 2.41 (1.37-3.35)
Beetroot 1459 (644-1800) 1.88 (0.84-2.32)
Chinese cabbage 1388 (1040-1859) 1.79 (1.34-2.40)
Medium 316 (168-518) 0.41 (0.22-0.67)
Turnip 624 (307-908) 0.80 (0.40-1.18)
Cabbage 513 (333-725) 0.66 (0.44-0.94)
Mung beans 496 (449-585) 0.64 (0.58-0.76)
Leeks 398 (56-841) 0.51 (0.006-1.08) ½
Leek 353(145-477) 0.46 (0.19-0.61)
Cucumber 240 (151-384) 0.31 (0.19-0.50)
Carrot 222 (121-316) 0.29 (0.16-0.40)
Potato 220 (81-713) 0.28 (0.10-0.92)
Garlic 183 (34-455) 0.24 (0.05-0.58)
Red paprika 117 (93-140) 0.15 (0.11-0.18)
Green paprika 111 (76-159) 0.14 (0.10-0.21)
L o w 78 (25-203) 0.10 (0.03-0.27) 1/10
Onion 87 (23-235) 0.11 (0.03-0.31)
Tomato 69 (27-170) 0.09 (0.03-0.23)
Water (mg/l) (250 ml glass) (250 ml glass)
Tap water 26 (22.8-30.3) 0.10 (0.09-0.12) 1/10
Mineral water 2.6 (<0.1-6.3) 0.01 (<0.0004-0.025) 1/100
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potential, total phenolic content, survival of probiotic
bacteria Streptococcus thermophiles and Lactobacillus and
increase consumer acceptance (Ganguly et al., 2017;
Hashem 2018; Ahmad and Ali, 2019). The addition of 10%
red beetroot powder to cookies is more acceptable
(Murlidhar et al., 2017) and the quality of spray-dried beetroot
powder stored for a long period is better stored in LAP
packaging compared to HDPE (Singh and Hathan, 2017).
The addition of 10% beetroot powder can also increase
the elasticity of snack bars, significantly reduce hardness,
the most acceptable texture and sensory properties, have
higher ash content, carbohydrates, antioxidant activity,
flavonoids and total phenols (Tangariya et al., 2022).
Consumption of functional beetroot gelly is a new strategy
to provide nutritional content with high bioaccessibility such
as nitrate, potassium and antioxidants which have the
potential to improve heart health and sports performance
(Silva et al., 2016; Morgado et al., 2016).

Health benefits of nitrate and nitrite in red beetroot
Nitrates (NO3-)  and  nitrites  (NO2-)  are  naturally  occurring
substances  in  fruits  and   vegetables, which humans are
encouraged to consume because of their beneficial health
effects. On the other side, nitrates and nitrites are used as
food additives such as sausages, ham and other
processed meat (Levine, 2012; Song, 2015). Nitrate and
nitrite in humans are present due to diet or produced by
the action of endogenous L-arginine-NO synthase (Nuji,
2017; Mcneal, 2021). Nitrate (NO3-) in food is converted in
the human body to nitrite (NO2-) and subsequently to nitric
oxide (NO) generated by NOS (NO synthase) enzymes that
oxidize in the blood and tissue. In the blood, exogenous
NO3 mixes with endogenous NO3- produced via the
oxidation of NO (Shannon, 2021; Redaelli, 2022).

Nitric oxide in the body is a compound that is known to
have beneficial effects for clinical application. NO could
regulate metabolic disorder-induced cardiovascular
diseases and other metabolic disease, such as reduced
blood pressure and increased oxygen and nutrient delivery
to the active muscle and also as a mediator for neurotrans-
mission, vasodilatation, nerve function and immune defense
(Ma, 2018; Zamani, 2021; Andrabi, 2023). Under conditions
of illness or senescence, the activity of eNOS (endothelial
nitric oxide synthase) was reduced  and  the production of
NO was decreased  (Novensa,  2011; Rogers, 2013). Thus
indicating exogenous source of NO supplement might have
a potential treatment for patients undergoing illness or
senescence (Ma, 2018).

NO is known to be a potent vasodilator to cause a BP
reduction. NO generated in the vasculature causes
relaxation in vascular smooth  muscle,  which  subsequently
results in vasodilation (Levine, 2012; Redaelli, 2022). The
nitrite anion is a cell-signaling molecule, which is
considered a storage pool of NO as well as a NO-independent
signal. Dietary nitrate- enhanced nitrite is capable of
increasing cyclic guanosine 32 ,52 -monophosphate
(cGMP) levels in tissues and contributing to blood vesselS
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vasodilation via a mechanism that lies upstream from
activation of soluble guanylyl cyclase (sGC) (Liu, 2020).

Moreover, the synthesis of NO was reduced in obese
mice (Siervo, 2011). Metabolic disorder-induced high blood
pressure, insulin resistance and carbohydrate tolerance
were found in eNOS (endothelial nitric oxide synthase)-
knockout mice. Dietary nitrate effectively supplements NO
by the activated exogenous NO3-NO2-NO pathway under
conditions of hypoxia. Nitrate enhanced exercise tolerance
by the NO-cGMP-PPAR pathway and increased the
metabolism of fatty acid in skeletal muscle cells (Ashmore,
2015). Exogenous nitrate could activate the cGMP pathway
in mice and promote the conversion of white adipose to
brown adipose, therefore enhancing fat metabolism and
decreasing body weight (Roberts, 2015).

NO also contributes to improved wound healing by
upregulating angiogenic factors, such as TGF-ß and VEGF,
which ensures adequate blood supply for healing. However, in
cases of impaired wound healing, inadequate NO synthases
and low levels of available NO lead to decreased collagen
deposition, unregulated inflammatory responses, tissue
hypoxia and prolonged healing time (Malone-Povolny, 2019).
Recently, hypoxia-induced oxidative stress conditions have
been suggested to facilitate the depletion of antioxidants
and thus promote cysteine oxidation and subsequently lead
to an enhanced Cgb generation of NO in the presence of
nitrite during hypoxia (Bescós, 2012; Reeder, 2018).

CONCLUSION
Red beetroot is a superfood that has been used as a
therapeutic and functional food ingredient since ancient
times. This paper summarizes the entire scope of red
beetroot and its use as a value-added product. It is useful
as a food coloring agent in many dairy and food products.
The Nitrate content in red beets through the physiological
role of NO which functions as vasodilation, efficient use of
O2 during exercise, the immune system, as a neurotransmitter
and as an inhibitor of platelet adhesion. It also has anti-
microbial, anti-hypertensive, anti- inflammatory, anti-
hyperglycemic properties, etc. This plant has many health
benefits and provides an opportunity for researchers to
develop various products derived from red beets that have
added value.

ACKNOWLEDGEMENT
The present study was supported by Brawijaya University
and the Ministry of Health of the Republic of Indonesia
through the Malang Ministry of Health Health Polytechnic.

Disclaimers
The views and conclusions expressed in this article are solely
those of the authors and do not necessarily represent the
views of their affiliated institutions. The authors are responsible
for the accuracy and completeness of the information
provided, but do not accept any liability for any direct or
indirect losses resulting from the use of this content.

Informed consent
All animal procedures for experiments were approved by
the Committee of Experimental Animal care and handling
techniques were approved by the University of Animal Care
Committee.

Conflict of interest
The authors declare that there are no conflicts of interest
regarding the publication of this article. No funding or
sponsorship influenced the design of the study, data
collection, analysis, decision to publish, or preparation of
the manuscript.

REFERENCES
Abdul Alam, N.A., Karim, R. and Muhammad, K. (2018). Effect of

sago and tapioca starches on the physicochemical and
textural properties of expanded rice product coloured
with red beetroot (Beta vulgaris) powder. International
Food Research Journal. 25: 1-12.

Abozed, S.S. and Ahmed, Z. (2021). Enhancement of nutritional
and functional characteristics of noodles formulated with
spinach leaves and sugar beet. Egyptian Journal of
Chemistry. 64(12): 7475-7480. doi: 10.21608/EJCHEM. 2021.
73641.3637.

Ahmad, A.F. and Ali, A.O.  (2019). Effect of beta vulgaris root
eextractsin rayeb milk on its microbiological, chemical and
nutritional ccomposition. Novel Research in Microbiology
Journal. 3(2): 286-296. doi: 10.21608/nrmj.2019.30609.

Alshehry, G.A. (2019). Utilization of beetroot as a natural antioxidant,
pigment and antimicrobial in cupcake during the storage
period. International Journal of Engineering Research
and Technology. 8(10): 652-659.

Andrabi, S.M., Sharma, N.S., Karan, A., Shahriar, S.M.S., Cordon,
B., Ma, B. and Xie, J. (2023). Nitric Oxide: Physiological
functions, delivery and biomedical applications. Advanced
Science. 10(30). https://doi.org/10.1002/advs.202303259.

Andrabi, S.M., Sharma, N.S., Karan, A., Shahriar, S.M.S., Cordon,
B., Ma, B. and Xie, J. (2023). Nitric Oxide: Physiological
functions, delivery and biomedical applications. Advanced
Science. 10(30). https://doi.org/10.1002/advs.202303259.

Arora, S., Siddiqui, S., Gehlot, R. (2019). Physicochemical and bioactive
compounds in carrot and beetroot juice. Asian Journal of
Dairy and Food Research. 38(3): 252-256. doi: 10.18805/
ajdfr.DR-1363.

Asadaii, H., Sani, A.M., Arianfar, A. and Salehi, E.A.  (2020). Effect
of tomato lycopene, turmeric and beetroot extract on
microbial and chemical properties of cow’s milk butter.
Journal of BioScience and Biotechnology. 9(1): 59-64.

Ashmore, T., Roberts, L.D., Morash, A.J., Kotwica, A.O., Finnerty,
J., West, J.A. et al. (2015). Nitrate enhances skeletal muscle
fatty acid oxidation via a nitric oxide- cGMP-PPAR-mediated
mechanism. BMC Biol. 13: 110

Asian Journal. (2017). Budidaya Buah Bit Sangat Menjanjikan.
https://www.jurnalasia.com/bisnis/budidaya-buah-bit-
sangat-menjanjikan/. Accessed September 9, 2021.

Astier, J., Gross, I. and Durner, J. (2018). Nitric oxide production in
plants: An update. Journal of Experimental Botany. 69(14):
3401-3411. https://doi.org/10.1093/jxb/erx420.

Red Beetroot (Beta vulgaris L. var rubra L.) is a Potential Source of Nitrate as a Functional Food: A Review



       Asian Journal of Dairy and Food Research10

Ateteallah, H., Abd-Elkarim, N. and Hassan, N.A.  (2019). Effect
ofadding beetroot juice and carrot pulps on rheological,
chemical,nutritional and organoleptic properties of ice
cream. Journal of Foodand Dairy Sciences. 10(6): 175-
179. doi: 10.21608/jfds.2019.48281.

Aulia, F. and Sunarharum, W.B.  (2020). Beetroot (Beta vulgaris L.
var. rubra L.) f lour proportion and oven temperature
affect the Physi-cochemical caracteristics of beetroot
cookies. In IOP Conference Series: Earth and Environmental
Science. 475: 012040. IOP Publishing. doi: 10.1088/1755-
1315/475/1/01204.

Aykin-Dincer, E., Gungor, K.K., Caglar, E. and Erbas, M. (2021).
The use of beetroot extract and extract powder in sausages
as natural food colorant. International Journal of Food
Engineering. 17(1): 75-82. doi:10.1515/ijfe-2019-0052.

Baião,  Dd.S.,  Silva,  F.dO.,  d’El-Rei,  J.,  Neves,  M.E., Perrone,  D.,  Aguila,
E.M.D. and Paschoalin, V.M.F. (2018). A new functional
beetroot formulation enhances adherence to nitrate
supplementation and health outcomes in clinical practice.
SDRP Journal of Food Science and Technology (ISSN:
2472-6419). 3(6): 484-498. doi: 10.25177/JFST.3.6.1.

Baião, Dd.S., Conte-Junior, C.A., Paschoalin, V.M.S., Alvares, T.S.
(2016). Beetroot juice increaseNitric oxide metabolites
in both men and women regardless of body mass.
International Journal of Food Sciences and Nutrition.
67(1). doi: https://doi.org/10.3109/09637486.2015.1121469.

Baião, Dd.S., da Silva, D.V.T., Del Aguila, E.M., Paschoalin, V.M.F.
(2017). Nutritional, Bioactive and Physicochemical
Characteristics of Dierent Beetroot Formulations. In Food
Additives; Karunaratne, D.N., Pamunuwa, G., Eds.; Intech
Open: London, Uk; Chapter. 2: 21-44.

Baião, Dd.S., Davi, V.T., da-Silva and Vania, M.F. Paschoalin. (2020).
Beetroot, A Remarkable Vegetable: Its  Nitrate and
Phytochemical Contents Can be Adjusted in Novel Formulations
to Beneût Health and Support Cardiovascular Disease
Therapies. Antioxidants. 9(960): 1-31. doi:10.3390/antiox
9100960.

Bescós, R., Sureda, A., Tur, J.A. and Pons, A. (2012). The effect of
nitric-oxide-related supplements on human performance.
Sport Medicine. 42(2): 99-117. https://doi.org/10.2165/11596
860- 000000000-00000.

Biancardi, E., Mc Grath, J.M., Lewellen, R.T. and Stevanato, P. (2010).
Sugar Beet. Genetic and morphological variability in Rhizoctonia
solani with an emphasis on AG. 2-2: 173-219.

Brito, M.d.M.P., Muraoka, T., Silva, E.C.d. (2011). Contribuição Da
fixação biológica de nitrogênio, fertilizante nitrogenadoe
nitrogênio do solo no desenvolvimento de Feijão e Caupi.
Bragantia 2011. 70: 206-215.

Brochado, M.G. da S., Silva, L.B. X. da, Lima, A. da C., Guidi, Y.M.
and Mendes, K.F. (2023). Herbicides versus nitrogen
cycle: Assessing the trade-offs for soil integrity and
crop yield-an in-depth systematic  review. Nitrogen
(Switzerland). 4(3): 296-310. https://doi.org/10.3390/nitrogen
4030022.

Bryan, N.S. and Ivy, J.L. (2015). Inorganic nitrite and nitrate: Evidence
to support consideration as dietary nutrients. Nutrition
Research. 35: 643-654. http://dx.doi.org/10.1016/j.nutres.
2015.06.001.

Chawla, H., Parle, M., Sharma, K. and Yadav, M. (2016). Beetroot:
A health promoting functional food. Nutraceuticals. 1:
0976-3872.

Chhikara, N., Kushwaha, K., Sharma, P., Gat, Y. and Panghal, A. (2019).
Bioactive compounds of beetroot and utilization in food
processing industry: A Critical Review. Food Chemistry.
272: 192-200. doi: https://doi.org/10.1016/j.foodchem.
2018.08.022.

Choi, Y.S., Kim, T.K., Jeon, K.H., Park, J.D., Kim, H.W., Hwang, K.E.,
Kim, Y.B. (2017). Effects of Pre-converted nitrite from
red beet and ascorbic acid on ouality vharacteristics in
meat emulsions. Korean J. Food Sci. Anim. Resour. 37(2):
288-296. doi: 10.5851/kosfa.2017.37.2.288. Epub 2017
Apr 30. PMID: 28515652; PMCID: PMC5434215.

Clifford, T., Howatson, G., West, D.J. and Stevenson, E.J. (2015).
The potential benefits of red beetroot supplementation
in health and disease. Nutrients. 7(4): 2801-2822. https://
doi.org/10.3390/nu7042801.

Corleto, K.A., Singh, J., Jayaprakasha, G.K., Patil, B.S. (2018). Storage
stability of dietary nitrate and phenolic compounds in beetroot
(beta vulgaris) and arugula (Eruca sativa) juices. J.
Food Sci. 83(5): 1237-1248. doi: 10.1111/1750-3841.14129.
Epub 2018 Apr 16. PMID: 29660828.

Cunha, L.d.S., Duarte Júnior, J.B., Lana, M.d.C., Ribeiro, L.L.O., Shimada,
B.S., Richart, A., Costa, A.C.T.d., Rosa, W.B. (2023). Inoculation,
Co-Inoculation and Nitrogen Fertilization in Soybean Culture.
Concilium. 23: 454-472.

Czyżewska, A., Klewicka, E., Libudzisz, Z. (2006). The Influence of
lactic acid fermentation process of red beet juice on the
stability of biologically colorants. Eur. Food Res. Technol.
223: 110-116, doi:10.1007/s00217 005 0159 y.

Daunaravièiûtë, M., Paulauskienë, A., Tarasevièienë, Ž. and Silkartaitë,
B. (2020). Influence of vegetable additives on spelt wheat
(Triticumspelta L.) bread quality. Žemës Ûkio Mokslai.
27(2): 62-69. doi:10.6001/zemesukiomokslai.v27i2.4335.

Ganguly, S., Chakraborty, C. and Bandyopadhyay, K. (2017). Develop-
mentand characterization of biocolour (Beta vulgaris)
enriched low cal-orie Lassi (Yoghurt based beverage).
International Journal of CurrentMicrobiology and Applied
Sciences. 6 (4): 2265-70. doi: 10.20546/ijcmas.2017.
604.263.

Geisseler, D., Horwath, W.R., Joergensen, R.G., Ludwig, B. (2010).
Pathways of nitrogen utilization by soil microorganisms-
a review. Soil Biol. Biochem. 42: 2058-2067.

GreenMyLife. (2018). All About Beetroot. Available at  https://www.
greenmylife.in/all-about- beetroot/ (accessed Sep 12, 2023).

Grzyb, A., Wolna-Maruwka, A., Niewiadomska, A. (2021). The significance
of microbial transformation of nitrogen compounds in
the light of integrated crop management. Agronomy. 11: 1415.

Hadipour, E., Taleghani, A., Tayarani-Najaran, N. and Tayarani-Najaran,
Z. (2020). Biological effects of red beetroot and betalains:
A review. Phytotherapy Research. 1-21. https://doi.org/10.
1002/ptr.6653.

Hashem, M.I. (2018). Supplementation of buttermilk with red beetroot
for producing fermented milk beverage. Egyptian Journal
of Agricultural Research. 96(3): 1111-125. doi: 10.21608/
ejar.2018.140400.

Red Beetroot (Beta vulgaris L. var rubra L.) is a Potential Source of Nitrate as a Functional Food: A Review



 Volume  Issue 11

Hobbs, D., Ashouri, A., George, T., Lovegrove, J. and Methven, L. (2014).
The consumer acceptance of novel vegetable-enriched
bread products as a potential vehicle to increase vegetable
consumption. Food Research International. 58: 15-22.
https://doi.org/10.1016/j.foodres.2014.01.038.

Hwang, K.E., Kim, T.K., Kim, H.W., Oh, N.S., Kim, Y.B., Jeon, K.H., Choi,
Y.S. (2017). Effect of fermented red beet extracts on
the shelf stability of low-salt frankfurters. food sci. Biotechnol.
2017 Aug 14. 26(4): 929-936. doi: 10.1007/s10068-017-
0113-3. PMID: 30263621; PMCID: PMC6049558.

Hwang, K.E., Kim, T.K., Kim, H.W., Seo, D.H., Kim, Y.B., Jeon, K.H.,
Choi, Y.S. (2018). Effect of natural pre-converted nitrite
sources on color development in raw and cooked pork
sausage. Asian-australas. J. Anim. Sci. 2018 Aug. 31(8):
1358-1365. doi: 10.5713/ajas.17.0767. Epub 2018 Jan
26. PMID: 29381898; PMCID: PMC6043443.

Indonesian Ministry of Health. (2018). Tabel Komposisi Pangan
Indonesia 2017. Directorate of Community Nutrition, Ministry
of Health, Republic of Indonesia: Jakarta.

Kamran, A., Mushtaq, M., Arif, M., Rashid, S. (2023). Role of biostimulants
(Ascorbic Acid and  Fulvic  Acid)  to  synergize  rhizobium
Activity  in  Pea  (Pisum  sativum L.  Var. Meteor). Plant Physiol.
Biochem. 196: 668-682.

Kezi, J. and Sumathy, J.H. (2014). Betalain a boon to the food
industry. Discovery. 20: 51-58.

Kirdat, R.A., Patil, B.D. and Ramteke, S.P. (2019). Preparation of
flavored milk using beetroot juice as natural colorant.
The Pharma Innovation Journal. 8(12): 196-199.

Kumar, Y.  (2015). Beetroot: A super food. International Journal of
Engineering  Studies  and Technical Approach.2015.
1(3): 20-26.

Kuypers, M.M., Marchant, H.K., Kartal, B. (2018). The microbial nitrogen-
cycling network. Nat. Rev. Microbiol. 16(5): 263-276.

Levine, A.B., Punihaole, D. and Levine, T.B. (2012). Characterization
of the role of nitric oxide and its clinical applications.
Cardiology (Switzerland). 122(1): 55-68. https://doi.org/
10.1159/000338150.

Lidder, S. and Webb, A.J. (2013). Vascular eûects of dietary nitrate
(as found in green leafy vegetables and beetroot) via
the nitrate-nitrite-nitric oxide pathway. British Journal
of Clinical Pharmacology. 75: 677-696. doi: 10.1111/j.1365-
2125.2012.04420.x.

Liliana, C. and Oana-Viorela, N. (2020). Red beetroot: Composition
and health effects - A Review. Journal of Nutritional Medicine
and Diet Care. 5(2). https://doi.org/10.23937/2572-3278.
1510043.

Lim, J.A. (2018). Product development and sensory evaluation of
watermelon look-alike bread using natural pigments.
Doctoral dissertation, Tunku Abdul Rahman University
College.

Lisiecka, K and A. Wójtowicz. (2021). Effect of fresh beetroot applica-
tion and processing conditions on some quality features
of newtype of potato-based snacks. LWT. 141: 110919.
doi: 10.1016/j.lwt.2021.110919.

Liu, Y., Croft, K.D., Hodgson, J.M., Mori, T. and Ward, N.C. (2020).
Mechanisms of the protective effects of nitrate and nitrite
in cardiovascular and metabolic diseases. Nitric Oxide
- Biology and Chemistry. 96(January): 35-43. https://doi.
org/10.1016/j.niox.2020.01.006.

Lucky, A.R.,  Al-Mamun, A., Hosen, A., Toma, M.A. and Mazumder,
M.A.R. (2020). Nutritional and sensory quality assessment
of plain cake enriched with beetroot powder. Food
Research. 4(6): 2049-2053. doi: 10.26656/fr.2017.
4(6).268.

Ma, L., Hu, L., Feng, X. and Wang, S. (2018). Nitrate and nitrite in health
and disease. Aging and Disease. 9(5): 938-945. https://
doi.org/10.14336/AD.2017.1207.

Malone-Povolny, M.J., Maloney, S.E. and Schoenfisch, M.H. (2019).
Nitric oxide therapy for diabetic wound healing. Advanced
Healthcare Materials. 8(12): e1801210. https://doi.org/
10.1002/adhm.201801210.

Mcneal, C.J. and Bazer, F.W. (2021). Synthesis and health in humans
(Issue August 2023). Springer International Publishing.
https://doi.org/10.1007/978-3-030-74180-8.

Mirmiran, P., Houshialsadat,  Z.,  Gaeini, Z., Bahadoran,  Z., Azizi, F.
(2020). Functional properties of beetroot (Beta vulgaris)
in management of cardio-metabolic diseases. Nutr. Metab.
2020. 17(3): 1-15.

Moazami, M., Taghizadeh, V., Ketabdar, A., Dehbashi, M. and Jalilpour,
R. (2015). Effects of oral L- arginine supplementation
for a week, on changes in respiratory gases and blood
lactate in female hand-ballists. Iranian Journal of Nutrition
Sciences and Food Technology. 9(4):  45-52.

Mokhele, B., Zhan, X., Yang, G. and Zhang, X. (2012). Review: Nitrogen
assimilation in crop plants and its affecting factors.
Canadian Journal of Plant Science. 92(3): 399-405.
https://doi.org/10.4141/CJPS2011-135.

Morgado M, de Oliveira GV, Vasconcellos J, Monteiro ML, Conte-
Junior C, Pierucci AP, Alvares TS. (2016). Development
of Abbeetroot-based nutrit ional gel containing high
content of bioaccessible dietary nitrate and antioxidants.
International Journal of Food Sciences and Nutrition.
67(2): 153-60. doi: 10.3109/09637486.2016.1147531.
Epub 2016 Feb 17. PMID: 26887255.

Murlidhar Ingle, S.S., Thorat, P.M., Kotecha, C.a. and Nimbalkar. (2017).
Nutritional assessment of beetroot (Beta Vulgaris L.)
powder cookies. Asian Journal of  Dairy And Food
Research. 36(3):222-228. doi:10.18805/ajdfr.v36i03.8963.

Nagib, R.M. and Zidan, N.S. (2019). Fortification of cake with sweet-
potato and beetroot flour as natural antioxidant during
storage. Alexandria Science Exchange Journal. 40(4):
754-66. doi: 10.21608/asejaiqjsae.2019.70264.

Novensa, L., Novella, S., Medina, P., Segarra, G., Castillo, N., Heras,
M. et al. (2011). Aging negatively affects estrogens-mediated
effects on nitric oxide bioavailability by shifting ERalpha/
ERbeta balance in female mice. PLoS One. 6: e25335

Nowacka, M., Tappi, S., Wiktor, A., Rybak, K., Miszczykowska, A.,
Czyzewski, J.,Drozdzal, K., Witrowa-Rajchert, D., Tylewicz,
U. (2019). The impact of pulsed electric feld on the
extraction of bioactive compounds from beetroot. Foods.
8(7): 244. 1-12. doi: http://dx.doi.org/10.3390/foods8070244.

Nuji, M. and Habuda, M. (2017). Nitrates and nitrites, metabolism
and toxicity. Food in Health and Disease. 6: 63-72.

Ozaki, M.M., Munekata, P.E.S., Jacinto-Valderrama, R.A., Efraim, P.,
Pateiro, M., Lorenzo, J.M., Pollonio, M.A.R. (2021). Beetroot
and radish powders as natural nitrite source for fermented
dry sausages. Meat  Sci. 2020 Jan. 171: 108275. doi: 10.
1016/j.meatsci.2020.108275. Epub 2020 Aug 11. PMID:
32853888.

Red Beetroot (Beta vulgaris L. var rubra L.) is a Potential Source of Nitrate as a Functional Food: A Review



       Asian Journal of Dairy and Food Research12

Oliveira Filho, J., Lemes, A.,Cruz Filho, R., Guimarães, R., Oliveira,
K., Santana, G., Danesi, E. and Egea, M.B. (2021). Red
pasta: What is the technological impact of the enrichment
of beet ingredient in fresh pasta? Quality Assurance and
Safety of Crops and Foods. 13(2): 46-55. doi: 10.15586/
qas.v13i2.850

Raikos, V., McDonagh, A., Ranawana, V. and Duthie, G. (2016).
Processed beetroot (Beta vulgaris L.) as a natural
antioxidant in mayonnaise: Effects on physical stability,
texture and sensory attributes. Food Science and Human
Wellness. 5(4): 191-198. https://doi.org/10.1016/j.fshw.
2016.10.002.

Redaelli, S., Magliocca, A., Malhotra, R., Ristagno, G., Citerio, G.,
Bellani, G., Berra, L. and Rezoagli, E. (2022). Nitric oxide:
clinical applications in critically ill patients. Nitric Oxide -
Biology and Chemistry. 121: 20-33. https://doi.org/10.
1016/j.niox.2022.01.007.

Reeder, J. Ukeri. (2018). Strong modulation of nitrite reductase activity
of cytoglobin by disulf ide bond oxidation: Implications
for nitric oxide homeostasis. Nitric Oxide. 72: 16-23.

Roberts, L.D., Ashmore, T., Kotwica, A.O., Murfitt,. SA., Fernandez,
B.O., Feelisch, M. et al. (2015). Inorganic nitrate promotes
the browning of white adipose tissue through the nitrate-
nitrite- nitric oxide pathway. Diabetes. 64: 471-484.

Rogers, S.C., Zhang, X., Azhar, G., Luo, S., Wei, J.Y. (2013). Exposure
to high or low glucose levels accelerates the appearance
of markers of endothelial cell senescence and induces
dysregulation of nitric oxide synthase. J. Gerontol A Biol
Sci Med Sci. 68: 1469-1481.

Rousta, L.K., Ghandehari Yazdi, A.P., Khorasani, S., Tavakoli, M.,
Ahmadi, Z. and Amini, M. (2021). Optimization of novel
multigrain pasta and evaluation of physicochemical properties:
Using d optimal mixture design. Food Science and Nutrition.
9(10): 5546-5556. https://doi.org/10.1002/fsn3.2514.

Sanrebayu, Syam, A., Wahiduddin, Safruddin. (2020). The effect of
beetroot (Beta vulgaris) on  hemoglobin levels and vo2max
atlet value.  south asian research.  Journal of Nursing and
Healthcare. 2(1): 23-30. doi: 10.36346/sarjnhc.2020.
v02i01.004.

Shalaby, H.S. and Hassenin, A.S.  (2020). Effects of fortification stirred
yoghurt with red beet powder (rbp) on hypercholesterolemia
rats. European Journal of Agriculture and Food Sciences.
2(5): 1-7. doi:10.24018/ejfood.2020.2.5.61.

Shannon, O.M., Easton, C., Shepherd, A.I., Siervo, M., Bailey, S.J.
and Clifford, T. (2021). Dietary nitrate and population
health: A narrative review of the translational potential
of existing laboratory studies. BMC Sports Science,
Medicine and Rehabilitation. 13(1): 1-17. https://doi.org/
10.1186/s13102-021-00292-2.

Siervo, M., Jackson, S.J., Bluck, L.J. (2011). In-vivo nitric oxide synthesis
is reduced in obese patients with metabolic syndrome:
Application of a novel stable isotopic method. J Hypertens.
29: 1515-1527.

Silva, O., Perrone, D., Trindade Rocha Pierucci, A.P., Conte-Junior,
C.A., Alvares, S., Del Aguila, E.M. and Flosi Paschoalin,
V.M. (2016). Physicochemical, nutritional and sensory
analyses of a Nitrate-enriched beetroot gel and its effects
on plasmatic nitric oxide and blood pressure. Food and
Nutrition Research. 60(1). https://doi.org/10.3402/fnr.
v60. 29909.

Singh, B. and Hathan B.S. (2017). Effect of different packaging
materials on the storage study of beetroot powder. Asian
Journal Of Dairy And Food Research. 36(1): 58-62.
doi: 10.18805/ajdfr.v36i01.7460.

Sneh, P.B., Singh, A., Chaudhary, V., Sharma, N.,  and Lorenzo, J.M.
(2022). Beetroot as a novel ingredient for its versatile
food  applications.  Critical Reviews in Food Science and
Nutrition. 1-26. doi: https://doi.org/10.1080/10408398.
2022.2055529.

Song, P., Wu, L., Guan, W. (2015): Dietary nitrates, nitrites and nitrosamines
intake and the risk of gastric cancer: A meta-analysis.
Nutrients. 7(12): 9872-9895.

Srivastava, S and Singh, K. (2018). Nutritional differences found
in two values added baked products of beetroot (Beta
vulgaris). International Journal of Science, Engineering
and Management. 3(4): 209-212.

Sucu, C. and Turp, G.Y. (2018). The investigation of the use of
beetroot powder in turkish fermented beef sausage (sucuk)
as nitrite alternative. Meat Sci. 2018 Jun. 140: 158-166.
doi: 10.1016/j.meatsci.2018.03.012. Epub 2018 Mar 15.
PMID: 29551571.

Tangariya, P., Awasthi, P. and Sahoo, A. (2022). Effect of beetroot
powder incorporation on the textural, sensory and nutritional
quality of legume and oil seeds based snack bar. Asian
Journal Of Dairy And Food Research. 42(1): 117-
122. doi : 10.18805/ajdfr.DR-1721.

Valenzuela, H. (2023). Ecological management of the nitrogen cycle
in organic farms. Nitrogen. 4(1): 58-84. https://doi.org/
10.3390/nitrogen4010006.

Wang, C., Ji, Y., Cao, X., Yue, L., Chen, F., Li, J., Yang, H., Wang, Z.,
Xing, B. (2022). Carbon dots improve nitrogen bioavai-
lability to promote the growth and nutritional quality of
soybeans under drought s tress. ACS Nano. 16(8):
12415-12424.

Yashwant, K. (2015). Beetroot: A Super Food. International Journal
of Engineering Studies and Technical Approach. 1: 20-26.

Zamani, H., de Joode, M.E.J.R., Hossein, I.J., Henckens, N.F.T., Guggeis,
M.A., Berends, J.M., de Kok, T.M.C.M. and van Breda, S.
G.J. (2021). The benefits and risks of beetroot juice
consumption: A systematic review. Critical Reviews in Food
Science and Nutrition. 61(5): 788-804. https://doi.org/
10.1080/10408398.2020.1746629.

Zhu, L., Huang, C., Li, W., Wu, W., Tang, Z., Tian, Y. and Xi, B. (2023).
Ammonia assimilation is key for the preservation of nitrogen
during industrial-scale composting of chicken manure.
Waste Management. 170(August): 50-61. https://doi.org/
10.1016/j.wasman.2023.07.028.

Zohary, D., Hopf, M. and Wesis, E. (2012). Domestication of plants
in the Old World: The origin and spread of domesticated
plants in southwest asia, Europe and the Mediterranean
Basin. Oxford UniversityPresson Demand.

Red Beetroot (Beta vulgaris L. var rubra L.) is a Potential Source of Nitrate as a Functional Food: A Review


