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Abstract

This review paper provides an in-depth investigation of betacyanins, nitrogenous vacuolar pigments found in various plant species, with
a primary focus on the Chenopodiaceae family, including red beetroot (Beta vulgaris rubra) and Swiss chard (Beta vulgaris circle).This
study explores the diverse bioactive substances in red beetroot, such as betalains, and their potential health benefits.The study delves
into the classification of betacyanins, their solubility, stability under different conditions, and various extraction techniques, including
UV-Visible spectroscopy and high-performance liquid chromatography.Furthermore, the study discusses the natural sources of
betacyanins, including red dragon fruit (Hylocereus polyrhizus), cactus fruit (Opuntia elatior Mill.), and Celosia Argentina var.
cristata. The botanical classification and biosynthetic pathways of Amaranthus betacyanins are also explored.The pharmacological
activities of betacyanins, such as their antioxidant, antimicrobial, anticancer, and anti-inflammatory properties, were thoroughly
examined.The potential benefits of betacyanins over synthetic dyes in various applications, including the food and pharmaceutical
industries, are highlighted.Overall, this comprehensive review consolidates existing knowledge on betacyanins, offering valuable
insights into their extraction, sources, and diverse pharmacological activities, paving the way for future research and applications in
different fields.

Index Terms - Betacyanin, Beta vulgaris L., Chenopodiaceae Family , inflorescence Celosia , High-Performance Liquid
Chromatography (HPLC), Hepatoprotective Properties , Natural Colorants .

l. Introduction

The Chenopodiaceae family includes Swiss chard (Beta vulgaris cicla, BVc) and red beetroot (Beta vulgaris rubra, BVr) [1]. A variety
of bioactive substances found in red beetroot, such as betalains, ascorbic acid, flavonoids, carotenoids, polyphenols, saponins, and high
nitrate levels, can have positive impacts on health [2]. One of the major vegetables, beetroot (Beta vulgaris L.), has a notable
concentration of nutritive and bioactive substances. A subset of them are called natural pigments, or betalians, from which B. vulgaris
root preparations contain 300-600 mg/kg betanin [3].A group of 13 families of plants contain betalains, which are nitrogenous vacuolar
pigments that also accumulate in certain Basidiomycetes [4].Various plant organs contain betalains, which mostly accumulate in cell
vacuoles in epidermal and subepidermal tissues [5].Betalains are phytochemicals that were recently categorized as antioxidants [6].
They have long been recognized as acceptable colorants for food and other industrial applications.Natural betalains have therapeutic
qualities that help prevent disease in addition to being used as food coloring additives, pharmaceuticals, and cosmetics [7].When stored
at 4°C and in the pH range of 4-6, betalains exhibit maximum stability. Therefore, these pigments may be used as food coloring agents
in meals with a short shelf life, dairy products that are chilled, and frozen foods [8]. Water-soluble betalains are the secondary
metabolites of Caryophyllales that are derived from ammonium derivatives of betalamic acid. They are classified into two groups:
Yellow betaxanthin pigments and reddish-violet betacyanin pigments [9].Subgroups of betacyanins, including betanin-, gomphrenin-,
amaranthin-, and bougainville- type pigments, can be further subdivided [10].

Red beet (Betavulgaris) betacyanins, which have been widely marketed as food colorings, are the most researched betacyanins
[11].Yellow betaxan-thins and violet betacyanins are produced when betalamic acid spontaneously condenses with amines and/or their
derivatives and with cyclo-DOPA or its glucosyl derivatives [12].A class of chromoalkaloids includes betaxanthins, or yellow pigments,
and betacyanins, or reddish-violet pigments, referred to as betalains [13]. The secondary metabolite of the Caryophyllales genus,
betalains are water-soluble chemicals derived from ammonium derivatives of betalamic acid.The most abundant betacyanin is called
betanin (betanidin 5-O-p-D-glucoside), and it is the only pigment that the US Food and Drug Administration (FDA) has approved for
use as a natural colorant in food goods [14].There are four types of betacyanins: 2-descarboxybetanin, gomphrenin, amaranthine, and
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betanin [15]. Regardless of the solvent used, beetroot pulps, peels, and juice had the highest concentration of betalain compared with
leaves and stems. The maximum amount of betalain (0.81 mg/g) was extracted from Peel using methanol (I1) OEM as opposed to (1)
IEM (methanol 0.39 mg/g) [16].

Solubility- A class of water-soluble pigments called betacyanins is responsible for the color found in a large range of fruits and flowers
[17].Common polar solvents such as water, ethanol, and methanol, as well as their combinations, readily dissolve bethaneins
[18].However, unlike anthocyanins, betacyanins can be added to foods with low acidity because they are less vulnerable to hydrolytic
cleavage. This allows them to remain visible throughout a wide pH range, from 3 to 7, with pH ranges of 5-7 being optimal for their
stability [19].

Stability- pH, temperature, oxygen content, light intensity, and water activity all had a significant impact on the stability of betacyanins
from red beet and A. tricolor [20].

1. TECHNIQUES FOR BETACYANIN EXTRACTION

Generally, UV-Visible spectroscopy and high-performance liquid chromatography have been used to determine the betalain analysis of
the sample.Whereas betaxanthins absorb at kma"x = 480 nm, betacyanins absorb at approximately Kma'x = 540 nm [21]. Using
particular buffer solutions as the reference, the Beckman Model-25 spectrophotometer was used to measure the visible spectra of
amaranthine in solution at different pH levels.[22]. UV-Vis. A Jasco U-530 UV-vis spectrophotometer was used to measure the total
betacyanin concentration and UV-vis absorption spectrum in the 200—700 nm range [23].Column chromatography on highly acid
Exchange resin was used to isolate the acylated betacyanins, which were then separated by chromatography on polyamide powder.
Similar to the methods outlined for amaranthin and betanin [24].

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

All LC separations were performed at room temperature. Double-distilled water was used to prepare buffers, and precise-grade reagents
and solvents were used [25]. High-performance liquid chromatography (HPLC), as outlined by Schwartz and von Elbe (1980), was used
to assess the betacyanin content of each sample [26]. An HPLC system with an L-7200 auto sampler, a D-7000 interface module, an L-
7100 pump, an L-7350 column oven with a Peltier cooling module, and an L-7450A diode-array detector was used to analyze all samples
[27].At a constant temperature of 25—C and a flow rate of 1 mL/min, the optimal separation of anthocyanins and betalains was achieved
on an insightful scale (250 x 3 mm i.d.) using a LUNA C18(2)-reversed phase column with a particle size of 5 Im (Phenomenex,
Torrance, CA) fitted with a security guard C18 ODS (4 - 3.0 mm i.d.) [28].A UV-visible 490 variable wavelength detector, a U6K
injector with a 20 p, L injector loop, two 510 A and B pumps, a 680 solvent programmer, and a Hitachi D 2000 computing integrator
comprised the detailed equipment (Waters Associates) [29]. The compounds were separated using a Gemini C18 3 um 50 x 0.5 mm
column (Phenomenex, Torrance, CA, USA) at 45 °C and a flow rate of 25 puL/min, following the injection of aliquots (5uL) of sample
solutions into HPLC systems [30].Two solutions were used in the gradient of elution for HPLC, which used a C18 reversed-phase
column with a particle size of 5 pm. Whereas solution B includes 100% acetonitrile, solution A comprises 100% water and 0.1% (v/v)
TFA [31].1% formic acid in water that has been double-distilled. A consistent flow rate of 0.5 mL/min was maintained with an injection
volume of 10 pL. Typically, detection was carried out at L = 538 nm using a diode array detection (DAD) device at 505, 480, and 310
nm with a UV-Vis detector. A constant 35 °C was maintained in the column.[32].The solvents were (A) water/acetonitrile/glacial acetic
acid/phosphoric acid, 50:48.5:1.0:0.5 (v/v/v/v), and (B) 0.5% aqueous phosphoric acid (v/v). % B, start, 20%; 26 min, 60%; 30 min,
20; 35 min, 20% (run time 35 min) was the solvent gradient [33].

I11. NATURAL SOURCES OF BETACYANIN

In terms of color, betacyanins and anthocyanins are extremely comparable, whereas betacyanins have a greater ability to color
[34].Betanin-type betacyanins are the most prevalent form and are mostly found in red beetroot (Beta vulgaris L.) and the Cactaceae
family (e.g., Hylocereus polyrhizus and Opuntiaficus-indica L.), whereas amaranthin- and gomphrenin-type betacyanins are also
present. The primary betacyanins in the Amaranthaceae family, such as those found in Gomphrenaglobosa L. and Amaranthustricolor
L., are betacyanins [35].Within the betacyanin category, amaranthin - | was derived from Amaranthus tricolor, betanin from Beta
vulgaris, and gomphrenin- | from Gomphrena globosa.(36) Taxanthines, which provide yellowish hues, and betacyanin compounds,
which give reddish-violet colors [37]. In a number of places, including the southern United States, Mexico, Bolivia, Ecuador, and
Argentina, amaranthus pigments have been used to color bread, beverages, and other delicacies [38].Thus, yogurt, sherbert, ice cream,
frozen fruit desserts, sweets, frostings, puddings, bacon, sausage, drinks, and canned fruit are among the possible uses. The use of
amaranthus pigments in food applications has not received much attention in the literature [39].There are few sources of crops, such as
fruits, vegetables, and flowers, that contain betacyanin [40].Beta vulgaris, a herbaceous biennial crop in the Chenopodiaceae family, is
more often known as beetroot [41].Against nine strains of Gram-positive bacteria, the betacyanin fraction from red spinach (minimum
inhibitory concentration [MIC] values: 0.78-3.13 mg/mL) showed a stronger antibacterial activity profile than that of red pitahaya (MIC
values: 3.13-6.25 mg/mL) [42].

In the food and pharmaceutical industries, natural red pigments derived from plants are increasingly sought after as alternatives to
synthetic red dyes [43].The botanical classification, uses, and biosynthetic pathways of Amaranthus betacyanins were examined in early
research conducted in the 1960s and 1970s [44].
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RED DRAGON FRUIT (HYLOCEREUS POLYRHIYUS)

A member of the Cactaceae family, dragon fruit belongs to the genera Hylocereus and Selenicereus. The Cactaceae family's Selenicereus
genus is the basis for the classification of dragon fruit. The following is the classification of dragon fruit [45].

Division Spermatohyta [45]

Class Dicotyledonae [45]

Order Caryophyllales [46]
Family Cactaceae [46]

Sub family Cactoidea [46]

Genus Hylocereus [46]

Species Hylocereus polyrhizus [46]

Table no.1 Red dragon fruit (Hylocereus polyrhiyus)

This plant was first domesticated in Mexico and Central America, but it is currently farmed extensively in Taiwan, Vietham, and
Malaysia. Generally speaking, Malaysia is home to two varieties of dragon fruit: Hylocereus Undatus, which has pink skin and white
flesh, and Hylocereus Polyrhizus, which has pink skin and red flesh [47].The crop has a 20-year lifespan, begins to bear fruit two years
after planting, and stabilizes its yield in three to five years [48].

Fig.1 Red dragon fruit (Hylocereus polyrhiyus)

Numerous health benefits of red pitaya have been reported, such as cancer chemoprevention, anti-inflammatory and antidiabetic effects,
a lower risk of cardiovascular disease mortality, and antioxidative qualities due to the presence of betacyanin [49]. A betacyanin found
in red dragon fruit other than betanin is called isobetanin [50].One reddish-violet pigment found in red-fleshed dragon fruit is betacyanin.
A class of molecules with radical scavenging and antioxidant properties are betalachins, which are linked to N-heterocyclic compounds.
In many tropical and subtropical nations, betalacyanin improves fruit value and makes it a viable substitute crop for betacyanin [51].The
pigment betacyanin is accountable for giving the fruit its reddish-purple hue [52].

BEETROOT (BETA VULGARIS L.)

The family Chenopodiaceae includes beetroot (Beta vulgaris L.), which has its origins in both Asia and Europe [53] . There are various
types of beetroot, which range in bulk color from yellow to red, and it is a blooming plant that is either a genuine biennial or a rare
perennial. B. vulgaris ssp. Maritima, B. vulgaris ssp. Vulgaris, B. vulgaris ssp. Adanensis, B. macrocarpa, B. macrocarpa Guss., B.
patula, B. patula Ait., B. intermedia, B. intermedia Bunge, B. macrorhiza, B. macrorhiza Stev., B. trygina, B. corolliflora, B. corolliflora
Zoss., B. Patellaris, B. patellaris Mog., B. procumbens, B. procumbens B. transzschel, B. lomatogona F., B. trigyna W., Chr. Sm., B.
webbiana, B. Webbiana Mog. and B. nana Boiss [54].

Fig.2 Beetroot (Beta vulgaris L.)
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The vegetable red beetroot is high in oil, carbs, vitamins, and components that have bioactive qualities. Among the bioactive components
include betaine, water-soluble pigments called betalains, polyphenols, carotenoids, and flavonoid saponins [55]. Typically eaten as a
side dish, red beetroot is one of the healthiest foods. Apart from its antioxidant qualities, red beetroot also possesses anti-inflammatory
and detoxification characteristics. Owing to its many biological properties, the plant may be able to avert serious health issues including
heart disease [56].Plants belonging to the genus Beta produce betalains, which are secondary metabolites, in addition to sucrose, primary
metabolites, and other organic acids and vitamins. [57].Most of the phenolic chemicals are found in the outermost sections of the red
beetroot's (Beta vulgaris) root. Peel, crown, and meat had the lowest levels of betanin (1) and total phenolic content among the different
root sections [58]. Red betacyanins and yellow betaxanthins are the two primary categories of bettalains, which are excellent water-
soluble nitrogenous pigments that may be extracted from beet root [59].Yellow betaxanthins and reddish-violet betacyanins are the two
main types. Approximately 74.95% of beetroot’s content is made up of betacyanins, whereas only 25.25% is betaxanthin. Betacyanins,
specifically betanin and its isomerisoetarin, make up almost 80% of the pigments found in red beetroot [60].

INFLORESCENCE CELOSIA

Celosia Argentina var. cristata, often known as common cockscomb, is a herbaceous plant that belongs to the Amaranthaceae
family.This annual plant has an inflorescence that, when fully formed, resembles the crest of a rooster or a convoluted brain [61]. Two
varieties of flowers are found in Celosia: the plume-type Celosia plumosa and the cockscomb-type Celosia Cristata [62].Celosia cristata
is an annual herbaceous dicotyledon plant that is both decorative and therapeutic . It grows to a height of 5-2 feet. This plant is a member
of the Magnoliopsid class and has bisexual flowers with pink or white, oblanceolate, curving, and crowded ovate bracteoles in terminal,
elongated spikes measuring 2.5-15 2-2.5 cm. On top of the stems and branches, there is a cylindraceous or trophoformis inflorescence.
[63,64].

Fig.3 Inflorescence Celosia

Under the Amaranthaceae (Caryophyllales) family, the genus Celosia of plants has about sixty species that are endemic to Africa, South
America, and Southeast Asia's temperate and subtropical zones [65]. In some parts of the world like Africa, China, Indonesia, India,
and other parts of Asia, its leaves and inflorescences are eaten as vegetables [66]. It has been observed that the genus Celosia exhibits
hepatoprotective properties. In a prior chemical analysis, flavones, steroids, and saponins were identified in C. cristata; the latter two
demonstrated hepatoprotective properties [67]. In China and other nations, seedlings, young leaves, and inflorescences are consumed
as vegetables; in traditional Chinese medicine, dried leaves, inflorescences, and seeds are also utilized [68] . The seeds have been applied
for a variety of conditions, including diarrhea, bleeding, dysentery, coughing, impaired vision, eye inflammation, strong light sensitivity,
headaches, intestinal worms, and uncomfortable urination [69]. The dried red flowers are useful in treating osteoporosis, hemoptysis,
hemorrhoid hemorrhage, leucorrhea, severe menstrual bleeding, and hematuria [70]. Betalains are found exclusively in plants belonging
to the order Caryophyllales (formerly known as Centrospermae). This group contains the Amaranthaceae family, which comprises
numerous significant genera, including Amaranthus and Celosia cristata, as well as the Nyctaginaceae family, which includes
Bougainvillea spectabilis. Various parts of plants belonging to the Amaranthaceae family, such as stems, leaves, and inflorescences,
have produced the isolation and identification of many betalians (16 red-violet betacyanins and 3 yellow betaxanthins[71].The existence
of 2-descarboxy-betanidin was assessed through the extraction of betacyanins found in trace amounts in the yellow inflorescences of C.
cristata and co-injection with a hairy root extract from yellow beets [72].

CACTUS FRUIT (OPUNTIA ELATIOR MILL.)

Approximately 200-300 species of xerophytic plants belong to the Opuntia subfamily of the Cactaceae family [74]. The cactus is known
by several colloquial names in India, including Hathlo Thor and Chorhthlo (Gujarati); Haththathoira, Nagphana, and Nagphani (Hindi);
Snuhi, Vajrakantaka, and Bahushala (Sanskrit); Nagadali and Nagakkali (Tamil); and Nagamulla and Nagajemudu (Telugu) [75].It
became naturally occurring in a number of regions across the globe, such as the Middle East, South Africa, Australia, India, and the
Mediterranean basin.This species' edible fruit, the prickly pear, is also grown in South Africa, the Mediterranean region, and South
America [76].In terms of morphology, Opuntia elatior Mill reaches a height of 3 m or more and is a subarborescent or shrubby shrub
with small, caduceus, and subulate leaves. It is a prickly shrub with fleshy stems that are articulated and flattened [77].
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Kingdom Plantae
Division Magnoliophyta (Angiosperms)
Class Magnoliopsida (Dicotyledons)
Sub-class Archichlamydeae
Order Caryophyllales (cactales)
Family Cactaceae
Subfamily Opuntiodeae
Tribe Opuntieae
Genus Opuntia
Species Elatior Mill

Table no.2 Cactus fruit (Opuntia elatior Mill.) [73]

Approximately 200—300 species of xerophytic plants belong to the Opuntia subfamily of the Cactaceae family [74]. The cactus is known
by several colloguial names in India, including Hathlo Thor and Chorhthlo (Gujarati); Haththathoira, Nagphana, and Nagphani (Hindi);
Snuhi, Vajrakantaka, and Bahushala (Sanskrit); Nagadali-and Nagakkali (Tamil); and Nagamulla and Nagajemudu (Telugu) [75].1t
became naturally occurring in a number of regions across the globe, such as the Middle East, South Africa, Australia, India, and the
Mediterranean basin.This species' edible fruit, the prickly pear, is also grown in South Africa, the Mediterranean region, and South
America [76].In terms of morphology, Opuntia elatior Mill reaches a height of 3 m or more and is a subarborescent or shrubby shrub
with small, caduceus, and subulate leaves. It is a prickly shrub with fleshy stems that are articulated and flattened [77].The popular plant
Opuntia elatior Mill. (Cactaceae), also referred to as Nagaphani or Hathlothore, is found throughout India, with Gujarat being one of
the most common states for its availability. Gujarati locals, whatever of age, use the fruits of Opuntia elation to treat anemia and overall
debility [78] . Its fruit is also a great source of vitamins and nutrients; it can be eaten raw, dried, preserved in jams and syrups, or
processed into goods that resemble candies [79].When it comes to its technological attributes, cactus O. dillenii fruits are preferred
above those of O. ficus-indica. These attributes include a low pH, mild TSS, a plain fruit taste, and an abundance of deep red-purple
color throughout the fruit [80]. Numerous compounds with strong antioxidant activity and useful qualities can be found in the fruits and
cladodes of the cactus O. ficus-indica. In the majority of research on the phytochemical components of the cactus O. ficus-indica,
betalains have received the greatest attention [81].0. strictly fruit is a part of the plant that can be eaten. Nutrients in Stricta fruit include
protein, calcium, nitrogen, moisture, energy, fat, copper, iron, magnesium, zinc, sodium, phosphorus, niacin, and vitamin [82]. Owing
to the presence of betanin, the fruits of Opuntia elatior Mill possess a variety of pharmacological properties, including antioxidant, anti-
inflammatory, and analgesic effects. Additionally, it has recently been reported that betanin can prevent acute kidney damage caused
by paraquat and fructose-induced diabetic cardiac fibrosis [83].Opuntia ficus-indica is the primary cactus pear that has been found to
be a source of betalains, but other authors have also found these pigments in Opuntia stricta, Opuntia streptacantha, Opuntia robusta,
Opuntia undulate, Opuntia lasiacantha, Opuntia decumbens, Opuntia Boldinghii, Opuntia matudae, Opuntia xoconostle, and Opuntia
macrorhiza [84].

1V. PHARMACOLOGICAL ACTIVITIES OF BETACYANIN

Potential sources of free radicals in nature include plants. According to epidemiological research, eating a diet rich in fruits and
vegetables can help prevent a number of chronic diseases linked to aging, including cancer, heart disease, cataracts, immune system
malfunction, and brain disorders [85] .Because betacyanin have a number of pharmacological properties that are significant for human
health, including antioxidant, anticancer, antilipidemic, and antibacterial properties, more research has been done on them recently [86].

ANTIOXIDANT ACTIVITY

Natural antioxidants can be obtained from plants, and some species are important because they can be used to produce raw materials or
preparations that include photochemicals that have strong antioxidant properties and health benefits [87]. Betalains biochemical
characteristics have led to intriguing health possibilities in recent years.Many studies have shown that betalains are very active
antioxidants in a variety of plants, including Celosia, pitahaya, prickly pears, beetroot, and garambullo [88].The chemoprotective
properties of food colorings such betalains help the body balance its oxidants and antioxidants and fight oxidative stress [89].The
antioxidant activity of betacyanins is often increased by acylation and decreased by glycosylation. If a hydroxyl group is present at the
aglycone's C-5 position, betalains' antioxidant activity is boosted [90].

ANTIMICROBIAL ACTIVITY

One significant issue facing the food processing sector is microbial contamination. Food deterioration can jeopardize food safety by
increasing the risk of foodborne illnesses and have a negative impact on food quality by causing waste and financial losses
[91].Antimicrobial action against Staphylococcus aureus, Bacillus cereus, and Salmonella Typhimurium was established by betalains
derived from beetroot pomace. At quantities less than or equal to 500 pg/mL, it was also observed that the red pitahaya's betacyanin
fraction demonstrated a good antibacterial spectrum against molds, yeasts, and Gram-positive and Gram-negative bacteria. In this study,
extracts and betacyanin fractions from the edible sections of red pitahaya and red spinach were tested for their ability to inhibit 16
human disease-causing bacterial species. Higher antibacterial activity is indicated by lower MIC values [92]. Strains of microorganisms
were employed to evaluate antibacterial activity. The test bacterial cultures were placed in Muller-Hinton agar at 37°C for 20-24 hours
before being moved to Muller-Hinton broth [93]. This review includes studies that looked at how betalains affected a range of
microorganisms, including the multidrug-resistant and extremely virulent ESKAPE pathogens (Enterococcus spp., Pseudomonas
aeruginosa, Acinetobacter baumannii, Staphylococcus aureus, and Enterobacter spp.).Biofilm-forming, Gram-positive, and Gram-
negative bacteria, as well as fungi and the dengue virus, were all shown to exhibit antimicrobial action in in vitro testing employing
betalains from different sources [94].
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ANTICANCER ACTIVITY

The process by which a normal cell changes into a cancerous type is known as carcinogenesis [95]. Utilizing the MTT colorimetric
test, the inhibitory effect of natural colors on cancer cell proliferation was assessed for each recovered pigment [96]. The use of beetroot
products or its constituents as dietary supplements in cancer prevention has garnered significant attention recently due to its anticancer
characteristics [97].Numerous research have been done to examine the potential anticancer effects of red beet extract betalains on human
tumor cell lines, including those from the breast, lung, kidney, stomach, prostate, and colon. When beetroot betalains are applied to
colon cancer cells, they cause apoptosis and decrease cell proliferation without harming healthy cells [98]. The original nutritional
betacyanin, bethanin, promotes death in K562 human myeloid leukemia cells, faintly demonstrates epigenome-regulated gene
expression in MCF-7 breast cancer cells, and effectively suppresses tumor cell development in the stomach, breast, lung, colon, and
central nervous system.However, more research is needed to determine betaxanthins' possible proliferative, chemopreventive, and
epigenetic effects [99].

ANTI-INFLAMMATORY ACTIVITY

When the immune system recognizes that something is bad, such a pathogen, damaged cells, poisonous chemicals, or radiation, it
releases inflammation, which starts the healing process and eliminates the harmful stimulus [100]. Anti-inflammatory medication can
stop early neoplastic growth and malignant conversion because inflammatory cells create a milieu that is conducive to tumor
development, which explains why many malignancies arise at sites of inflammation. An inhibitory effect on cyclooxygenase (COX)
enzymes is extremely desirable, as COXs convert arachidonic acid to prostaglandins, which in turn induce inflammation [101]. Reddy
and colleagues conducted a study which shown that betanin inhibited 97% of the enzyme activity in cyclooxygenase-2 (COX-2). This
suppression was on par with or even higher than that of numerous phenolic compounds and a number of anti-inflammatory medications,
including Vioxx, Celebrex, and Ibuprofen [102].Furthermore, it has been demonstrated that betalains shield vascular endothelium cells
from cytokine-induced redox state modification, a direct target of oxidative stress in inflammation [103].Extracts from beetroot and
betalains have shown promise as powerful anti-inflammatory drugs. Their anti-inflammatory actions, which are summed up in, seem to
be mediated in part by disrupting pro-inflammatory signaling cascades. The most significant of them is the nuclear factor-kappa B (NF-
kB) cascade, which directly activates and transcribes the majority of gene targets (cytokines, chemokines, apoptotic and phagocytic
cells) that control and magnify the inflammatory response [104].

V. BENEFITS OF BETACYNIN OVER SYNTHETICS DYES

Human health may be at risk from certain artificial food colorings made from minerals. As alternatives to synthetic colorants, natural
colorants and plant-based sources are gaining popularity among food producers and consumers.The higher cost and lower stability of
natural food coloring have drawn criticism [105].There is a growing trend in food technology to substitute safe synthetic food colorants
with natural plant extracts that include betacyanin pigments [106]. It has been extensively utilized as a natural coloring agent in food,
cosmetics, paintings, and ornamental arts. It has also been used as a medication to treat common ailments of the blood, heart, liver,
pancreas, digestive system, and nervous system [107]. As a natural colorant, it is also extensively utilized in a variety of dairy goods,
candies, beverages, and cattle products, including cooked, smoked, semi-dry, or fermented sausages [108]. Examples of these products
include milk, ice creams, yogurt, and kefir.As an antioxidant, it scavenges and neutralizes the harmful oxidative chemicals that are
present in our bodies [109].In comparison to red pitahaya (MIC values: 3.13-6.25 mg/mL), the betacyanin fraction from red spinach
(MIC values: 0.78-3.13 mg/mL) showed a superior antibacterial activity profile against nine Gram-positive bacterial strains [100].One
potential mechanism of betacyanin fractions' anti-biofilm effect against S. aureus and P. aeruginosa is their ability to inhibit the growth
of biofilms on red spinach and pitahaya [111].

V1. CONCLUSION

In conclusion, this review provides a comprehensive overview of betacyanins, focusing on their presence in various plant sources such
as beetroot, dragon fruit, celosia, and cactus fruit. Betacyanins, specifically betanin, have been extensively studied for their bioactive
properties, including antioxidant, antimicrobial, anticancer, and anti-inflammatory activities. The stability and solubility of betacyanins
under different conditions, such as pH and temperature, are highlighted, emphasizing their potential applications as natural colorants in
the food industry.This study also delves into the various techniques employed for betacyanin extraction, including UV-Vis spectroscopy
and high-performance liquid chromatography.The pharmacological activities of betacyanins, particularly their role as antioxidants and
their potential benefits for human health, are discussed.Overall, the diverse sources and multifaceted properties of betacyanins make
them promising candidates for various applications, from food coloring to potential therapeutic agents.

VIIl. REFERENCES

[1] Ninfali P, Angelino D. Nutritional and functional potential of Beta vulgaris cicla and rubra. Fitoterapia. 2013 Sep 1;89:188-99.

[2] Fu Y, Shi J, Xie SY, Zhang TY, Soladoye OP, Aluko RE. Red beetroot betalains: Perspectives on extraction, processing, and
potential health benefits. Journal of Agricultural and Food Chemistry. 2020 Oct 12;68(42):11595-611.

[3] Sutor-Swiezy K, Antonik M, Proszek J, Nemzer B, Pietrzkowski Z, Popenda £, Swiergosz T, Wybraniec S. Dehydrogenation of
betacyanins in heated betalain-rich extracts of red beet (Beta vulgaris L.). International Journal of Molecular Sciences. 2022 Jan
23;23(3):1245.

[4] stintzing FC, Conrad J, Klaiber I, Beifuss U, Carle R. Structural investigations on betacyanin pigments by LC NMR and 2D NMR
spectroscopy. Phytochemistry. 2004 Feb 1;65(4):415-22.

[5] Ceclu L, Nistor OV. Red beetroot: Composition and health effects—A review. J. Nutr. Med. Diet Care. 2020;6(1):1-9.

[6] Tesoriere L, Allegra M, Butera D, Livrea MA. Absorption, excretion, and distribution of dietary antioxidant betalains in LDLSs:
potential health effects of betalains in humans. The American journal of clinical nutrition. 2004 Oct 1;80(4):941-5.

TIJER2402090 ‘ TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org ’ ar26



TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org

[7] Winson KW, Chew BL, Sathasivam K, Subramaniam S. Effect of amino acid supplementation, elicitation and LEDs on Hylocereus
costaricensis callus culture for the enhancement of betalain pigments. Scientia Horticulturae. 2021 Nov 17;289:110459.

[8] Khan M. Stabilization of betalains: A review. Food Chemistry. 2016 Apr 15;197:1280-5.

[9] Hadipour E, Taleghani A, Tayarani-Najaran N, Tayarani-Najaran Z. Biological effects of red beetroot and betalains: A review.
Phytotherapy Research. 2020 Aug;34(8):1847-67.

[10] Polturak G, Aharoni A. “La Vie en Rose”: Biosynthesis, sources, and applications of betalain pigments. Molecular plant. 2018 Jan
8;11(1):7-22.

[11] Cai Y, Sun M, Wu H, Huang R, Corke H. Characterization and quantification of betacyanin pigments from diverse Amaranthus
species. Journal of Agricultural and Food Chemistry. 1998 Jun 15;46(6):2063-70.

[12] Khan MI. Stabilization of betalains: A review. Food Chemistry. 2016 Apr 15;197:1280-5.

[13] Sepulveda-Jiménez G, Rueda-Benitez P, Porta H, Rocha-Sosa M. Betacyanin synthesis in red beet (Beta vulgaris) leaves induced
by wounding and bacterial infiltration is preceded by an oxidative burst. Physiological and Molecular Plant Pathology. 2004 Mar
1;64(3):125-33.

[14] Devadiga D, Ahipa TN. Betanin: A Red-Violet Pigment-Chemistry and Applications. Chemistry and Technology of Natural and
Synthetic Dyes and Pigments. 2020 Jan 2;5772(10):88939.

[15] Esatbeyoglu T, Wagner AE, Schini-Kerth VB, Rimbach G. Betanin—A food colorant with biological activity. Molecular nutrition
& food research. 2015 Jan;59(1):36-47.

[16] Abdo E, EI-Sohaimy S, Shaltout O, Abdalla A, Zeitoun A. Nutritional evaluation of beetroots (Beta vulgaris L.) and its potential
application in a functional beverage. Plants. 2020 Dec 10;9(12):1752.

[17] Wybraniec S, Mizrahi Y. Fruit flesh betacyanin pigments in Hylocereus cacti. Journal of Agricultural and Food Chemistry. 2002
Oct 9;50(21):6086-9.

[18] Gengatharan A, Dykes G, Choo WS. Betacyanins from Hylocereus polyrhizus: pectinase-assisted extraction and application as a
natural food colourant in ice cream. Journal of Food Science and Technology. 2021 Apr;58:1401-10.

[19] Azeredo HM, Santos AN, Souza AC, Mendes KC, Andrade MI. Betacyanin stability during processing and storage of a
microencapsulated red beetroot extract. American Journal of Food Technology. 2007;2(4):307-12.

[20] Cai Y, Sun M, Corke H. Colorant properties and stability of Amaranthus betacyanin pigments. Journal of Agricultural and Food
Chemistry. 1998 Nov 16;46(11):4491-5.

[21] Azeredo HM. Betalains: properties, sources, applications, and stability—a review. International journal of food science &
technology. 2009 Dec;44(12):2365-76.

[22] Huang AS, VVon Elbe JH. Stability comparison of two betacyanine pigments—Amaranthine and betanine. Journal of Food Science.
1986 May;51(3):670-4.

[23] Wybraniec S, Mizrahi Y. Fruit flesh betacyanin pigments in Hylocereus cacti. Journal of Agricultural and Food Chemistry. 2002
Oct 9;50(21):6086-9.

[24] Minale L, Piattelli M, De Stefano S, Nicolaus RA. Pigments of centrospermae—V1.: Acylated betacyanins. Phytochemistry. 1966
Nov 1;5(6):1037-52.

[25] Schwartz SJ, Von Elbe JH. Quantitative determination of individual betacyanin pigments by high-performance liquid
chromatography. Journal of Agricultural and Food Chemistry. 1980 May;28(3):540-3.

[26] Von Elbe JH, Schwartz SJ, Hildenbrand BE. Loss and regeneration of betacyanin pigments during processing of red beets. Journal
of Food Science. 1981 Nov;46(6):1713-5.

[27] M Herbach K, C Stintzing F, Carle R. Thermal degradation of betacyanins in juices from purple pitaya [Hylocereus polyrhizus
(Weber) Britton & Rose] monitored by high-performance liquid chromatography—tandem mass spectometric analyses. European Food
Research and Technology. 2004 Sep;219:377-85.

[28] stintzing FC, Trichterborn J, Carle R. Characterisation of anthocyanin—betalain mixtures for food colouring by chromatic and
HPLC-DAD-MS analyses. Food chemistry. 2006 Jan 1;94(2):296-309.

[29] Pourrat A, Lejeune B, Grand A, Pourrat H. Betalains assay of fermented red beet root extract by high performance liquid
chromatography. Journal of Food Science. 1988 Jan;53(1):294-5.

[30] Sawicki T, Baczek N, Wiczkowski W. Betalain profile, content and antioxidant capacity of red beetroot dependent on the genotype
and root part. Journal of Functional Foods. 2016 Dec 1;27:249-61.

[31] Ahmadi H, Nayeri Z, Minuchehr Z, Sabouni F, Mohammadi M. Betanin purification from red beetroots and evaluation of its anti-
oxidant and anti-inflammatory activity on LPS-activated microglial cells. PloS one. 2020 May 13;15(5):e0233088.

[32] Slatnar A, Stampar F, Veberic R, Jakopic J. HPLC-MSn identification of betalain profile of different beetroot (Beta vulgaris L.
ssp. vulgaris) parts and cultivars. Journal of Food Science. 2015 Sep;80(9):C1952-8.

[33] Chandra A, Rana J, Li Y. Separation, identification, quantification, and method validation of anthocyanins in botanical supplement
raw materials by HPLC and HPLC— MS. Journal of agricultural and food chemistry. 2001 Aug 20;49(8):3515-21.

[34] Roriz CL, Heleno SA, Carocho M, Rodrigues P, Pinela J, Dias MI, Fernandes IP, Barreiro MF, Morales P, Barros L, Ferreira IC.
Betacyanins from Gomphrena globosa L. flowers: Incorporation in cookies as natural colouring agents. Food chemistry. 2020 Nov
1;329:127178.

[35] Yao X, Qin Y, Zhang M, Zhang J, Qian C, Liu J. Development of active and smart packaging films based on starch, polyvinyl
alcohol and betacyanins from different plant sources. International journal of biological macromolecules. 2021 Jul 31;183:358-68.
[36] Delgado-Vargas F, Jiménez AR, Paredes-Lopez O. Natural pigments: carotenoids, anthocyanins, and betalains—characteristics,
biosynthesis, processing, and stability. Critical reviews in food science and nutrition. 2000 May 1;40(3):173-289.

[37] Székely D, Maté M. Red Beetroot (Beta Vulgaris L.). InAdvances in Root Vegetables Research 2022 Sep 26. IntechOpen.

[38] Cai Y, Corke H. Amaranthus betacyanin pigments applied in model food systems. Journal of Food Science. 1999 Sep;64(5):869-
73.

[39] Gazala Q, Murtaza I, Ara S, Qazi H, Geelani SM, Amir S. Characterization and antimicrobial activity of some natural dye yielding
plant species of Kashmir Valley. Journal of Industrial Pollution Control. 2016;32(2).

[40] Leong HY, Show PL, Lim MH, Ooi CW, Ling TC. Natural red pigments from plants and their health benefits: A review. Food
reviews international. 2018 Jul 4;34(5):463-82.

TIJER2402090 ‘ TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org ’ arz27



TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org

[41] Rehman S, Shah S, Butt AM, Shah SM, Jabeen Z, Nadeem A. Biochemical profiling and elucidation of biological activities of Beta
vulgaris L. leaves and roots extracts. Saudi Journal of Biological Sciences. 2021 Jan 1;28(1):592-602.

[42] Yong YY, Dykes G, Lee SM, Choo WS. Comparative study of betacyanin profile and antimicrobial activity of red pitahaya
(Hylocereus polyrhizus) and red spinach (Amaranthus dubius). Plant foods for human nutrition. 2017 Mar;72:41-7.

[43] Castellar R, Ob6n JM, Alacid M, Fernandez-L6pez JA. Color properties and stability of betacyanins from Opuntia fruits. Journal
of Agricultural and Food Chemistry. 2003 Apr 23;51(9):2772-6.

[44] Cai Y, Sun M, Wu H, Huang R, Corke H. Characterization and quantification of betacyanin pigments from diverse Amaranthus
species. Journal of Agricultural and Food Chemistry. 1998 Jun 15;46(6):2063-70.

[45] Halimfanezi L, Asra RR. A Review: Analysis of Betacyanin Levels in Various Natural Products. Asian Journal of Pharmaceutical
Research and Development. 2020 Oct 15;8(5):88-95.

[46] Riazuddin YK. A Comparative Study on the Extraction of Betacyanin in the Peel and Flesh of Dragon Fruit (Doctoral dissertation,
UMP).

[47] Wong YM, Siow LF. Effects of heat, pH, antioxidant, agitation and light on betacyanin stability using red-fleshed dragon fruit
(Hylocereus polyrhizus) juice and concentrate as models. Journal of food science and technology. 2015 May;52:3086-92.

[48] Arivalagan M, Karunakaran G, Roy TK, Dinsha M, Sindhu BC, Shilpashree VM, Satisha GC, Shivashankara KS. Biochemical and
nutritional characterization of dragon fruit (Hylocereus species). Food Chemistry. 2021 Aug 15;353:129426.

[49] Kim H, Choi HK, Moon JY, Kim YS, Mosaddik A, Cho SK. Comparative antioxidant and antiproliferative activities of red and
white pitayas and their correlation with flavonoid and polyphenol content. Journal of food science. 2011 Jan;76(1):C38-45.

[50] Choo KY, Ong YY, Lim RL, Tan CP, Ho CW. Study on bioaccessibility of betacyanins from red dragon fruit (Hylocereus
polyrhizus). Food science and biotechnology. 2019 Aug 1;28:1163-9.

[51] Jamaludin NA, Ding P, Hamid AA. Physico-chemical and structural changes of red-fleshed dragon fruit (Hylocereus polyrhizus)
during fruit development. Journal of the Science of Food and Agriculture. 2011 Jan 30;91(2):278-85.

[52] Ramli NS, Ismail P, Rahmat A. Influence of conventional and ultrasonic-assisted extraction on phenolic contents, betacyanin
contents, and antioxidant capacity of red dragon fruit (Hylocereus polyrhizus). The Scientific World Journal. 2014 Jan 1;2014.

[53] Nistor OV, Seremet L, Mocanu GD, Barbu V, Andronoiu DG, Stanciuc N. Three types of red beetroot and sour cherry based
marmalades with enhanced functional properties. Molecules. 2020 Nov 2;25(21):5090.

[54] Chhikara N, Kushwaha K, Sharma P, Gat Y, Panghal A. Bioactive compounds of beetroot and utilization in food processing
industry: A critical review. Food chemistry. 2019 Jan 30;272:192-200.

[55] Lechner JF, Stoner GD. Red beetroot and betalains as cancer chemopreventative agents. Molecules. 2019 Apr 23;24(8):1602.
[56] Hadipour E, Taleghani A, Tayarani-Najaran N, Tayarani-Najaran Z. Biological effects of red beetroot and betalains: A review.
Phytotherapy Research. 2020 Aug;34(8):1847-67.

[57] Skalicky M, Kubes J, Shokoofeh H, Tahjib-Ul-Arif M, Vachova P, Hejnak V. Betacyanins and betaxanthins in cultivated varieties
of Beta vulgaris L. compared to weed beets. Molecules. 2020 Nov 18;25(22):5395.

[58] Kujala TS, Loponen JM, Klika KD, Pihlaja K. Phenolics and betacyanins in red beetroot (Beta v ulgaris) root: Distribution and
effect of cold storage on the content of total phenolics and three individual compounds. Journal of agricultural and food chemistry. 2000
Nov 20;48(11):5338-42.

[59] Canadanovié-Brunet JM, Savatovié¢ SS, Cetkovi¢ GS, Vuli¢ J7J, Djilas SM, Markov SL, Cvetkovi¢ DD. Antioxidant and
antimicrobial activities of beet root pomace extracts. Czech Journal of Food Sciences. 2011 Nov 28;29(6):575-85.

[60] Fu Y, Shi J, Xie SY, Zhang TY, Soladoye OP, Aluko RE. Red beetroot betalains: Perspectives on extraction, processing, and
potential health benefits. Journal of Agricultural and Food Chemistry. 2020 Oct 12;68(42):11595-611.

[61] Bodhipadma K, Noichinda S, Yadbuntung I, Buaeiam W, Leung DW. Comparison of in vitro and in vivo inflorescence of common
cockscomb (Celosia argentea var. cristata). Science Asia. 2010 Mar 1;36:68-71.

[62] Gilman EF, Howe T. Celosia cristata. Florida: University of Florida, Institute of Food and Agriculture Science. 1999 Oct.

[63] Sharma D, Sharma L. The Chemical Composition and Pharmaceutical Effect of Celosia cristata: A Review on Nutritional Aspect.
[64] Tang Y, Xin HL, Guo ML. Review on research of the phytochemistry and pharmacological activities of Celosia argentea. Revista
brasileira de farmacognosia. 2016 Nov;26:787-96.

[65] Cai Y, Sun M, Schliemann W, Corke H. Chemical stability and colorant properties of betaxanthin pigments from Celosia argentea.
Journal of Agricultural and Food Chemistry. 2001 Sep 17;49(9):4429-35.

66] Sayeed R, Thakur M, Gani A. Celosia cristata Linn. flowers as a new source of nutraceuticals-A study on nutritional composition,
chemical characterization and in-vitro antioxidant capacity. Heliyon. 2020 Dec 1;6(12).

[67] Yan H, Zhang G. Cytotoxic coumaronochromones from the inflorescences of Celosia cristata. Natural Product Research. 2017 Aug
18;31(16):1886-90.

[68] Schliemann W, Cai Y, Degenkolb T, Schmidt J, Corke H. Betalains of Celosia argentea. Phytochemistry. 2001 Sep 1;58(1):159-
65.

[69] Surse SN, Shrivastava B, Sharma P, Gide PS, Attar S. Celosia cristata: Potent pharmacotherapeutic herb—A review. Int. J. Pharm.
Phytopharm. Res. 2014;3:444-6.

[70] Sayeed R, Thakur M, Gani A. Celosia cristata Linn. flowers as a new source of nutraceuticals-A study on nutritional composition,
chemical characterization and in-vitro antioxidant capacity. Heliyon. 2020 Dec 1;6(12):e05792.

[71] Preethi M, Sritharan N, Raveendran M, Senthil A. Studies on extraction of betalain pigments by different solvents and assessing
antioxidant activity of Bougainvillea spectabilis and Celosia argentea flowers. Madras Agricultural Journal. 2019 Dec 20;106(march
(1-3)):1.

[72] Schliemann W, Cai Y, Degenkolb T, Schmidt J, Corke H. Betalains of Celosia argentea. Phytochemistry. 2001 Sep 1;58(1):159-
65.

[73] Patel KN, Ishnava KB. Evaluation of nutritional and medicinal properties of Opuntia elatior Mill. Phytochemicals. 2018 Nov
5;10:121-38.

[74] Chauhan SP, Sheth NR, Suhagia BN. Effect of fruits of Opuntia elatior Mill on mast cell degranulation. Journal of pharmacy &
bioallied sciences. 2015 Apr;7(2):156.

[75] Chauhan SP, Sheth NR, Suhagia BN. Analgesic and Anti-inflammatory action of Opuntia elatior Mill fruits. Journal of Ayurveda
and Integrative Medicine. 2015 Apr;6(2):75.

TIJER2402090 ‘ TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org ’ ar28




TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org

[76] Osuna-Martinez U, Reyes-Esparza J, Rodriguez-Fragoso L. Cactus (Opuntia ficus-indica): A Review on its Antioxidants Properties
and Potential Pharmacological Use in Chronic Diseases. Nat Prod Chem Res 2: 153. doi: 10.4172/2329-6836.1000153 Page 2 of 8 and
protein (0.5-1%); other compounds are only partly known and have not been quantitatively determined [9]. The sugar moiety includes
mucilaginous components containing polymers, such as chains of (1-4)-linked B-D-galacturonic acid and R (1-2)-linked L-rhamnose
residues [10, 11]. The physiological role of the .... Opuntia ficus-indica. 2014.

[77] Prajapati S, Acharya R. Opuntia elatior Mill.(Nagaphani): A review on its ethnobotany, phytochemical and pharmacological
properties. Ann Ayurvedic Med. 2015;4:107-6.

[78] Prajapati SM, Anand S, Acharya R, Goyal M. Effect of Opuntia elatior Mill.(Nagaphani) in the management of Pandu Roga ws r
to iron deficiency anemia; an open labeled randomized standard controlled clinical trial. Ayu. 2020 Apr;41(2):87.

[79] Patel H, Prajapati S, Ranade A, Acharya R, Kumar NM. Evaluation of the haematinic activity of Opuntia elatior Mill. fruit. Indian
Journal of Natural Products and Resources (IINPR)[Formerly Natural Product Radiance (NPR)]. 2018 Jun 7;9(1):39-46.

[80] Moussa-Ayoub TE, Jaeger H, Youssef K, Knorr D, EI-Samahy S, Kroh LW, Rohn S. Technological characteristics and selected
bioactive compounds of Opuntia dillenii cactus fruit juice following the impact of pulsed electric field pre-treatment. Food chemistry.
2016 Nov 1;210:249-61.

[81] Moussa-Ayoub TE, Abd El-Hady ES, Omran HT, El-Samahy SK, Kroh LW, Rohn S. Influence of cultivar and origin on the
flavonol profile of fruits and cladodes from cactus Opuntia ficus-indica. Food Research International. 2014 Oct 1;64:864-72.

[82] Kampamba M, Ezeala CC, Hikaambo CN, Bwalya AG. Opuntia stricta (Haw): A review on its chemical composition, putative in-
vitro antidiabetic mechanism of action and potential pharmacological uses in chronic disease. Journal of Pharmacognosy and
Phytochemistry. 2022;11(2):01-8.

[83] Sutariya B, Saraf M. Betanin, isolated from fruits of Opuntia elatior Mill attenuates renal fibrosis in diabetic rats through regulating
oxidative stress and TGF-f pathway. Journal of ethnopharmacology. 2017 Feb 23;198:432-43.

[84] Saenz C, Cancino B, Robert P. Red betalains from Opuntia spp.: Natural colorants with potential applications in foods. Israel
Journal of Plant Sciences. 2012 Jan 1;60(3):291-9.

[85] Pyo YH, Lee TC, Logendra L, Rosen RT. Antioxidant activity and phenolic compounds of Swiss chard (Beta vulgaris subspecies
cycla) extracts. Food chemistry. 2004 Mar 1;85(1):19-26.

[86] Choo KY, Ong YY, Lim RL, Tan CP, Ho CW. Study on bioaccessibility of betacyanins from red dragon fruit (Hylocereus
polyrhizus). Food science and biotechnology. 2019 Aug 1;28:1163-9.

[87] Dehbi F, Hasib A, Bouaziz M, Ouatmane A, Elbatal H, Jaouad A, Sayadi S. Effect of phenolic compounds and betalain pigments
on the antioxidant capacity of Moroccan prickly pear juices. Nature & Technology. 2013 Jun 1(9):2.

[88] Moreno-Ley CM, Osorio-Revilla G, Hernandez-Martinez DM, Ramos-Monroy OA, Gallardo-Velazquez T. Anti-inflammatory
activity of betalains: a comprehensive review. Human Nutrition & Metabolism. 2021 Sep 1;25:200126.

[89] Madadi E, Mazloum-Ravasan S, Yu JS, Ha JW, Hamishehkar H, Kim KH. Therapeutic application of betalains: A review. Plants.
2020 Sep 17;9(9):1219.

[90] Sadowska-Bartosz I, Bartosz G. Biological properties and applications of betalains. Molecules. 2021 Apr 26;26(9):2520.

[91] Kumar S, Brooks MS. Use of red beet (Beta vulgaris L.) for antimicrobial applications—a critical review. Food and bioprocess
technology. 2018 Jan;11:17-42.

[92] Yong YY, Dykes G, Lee SM, Choo WS. Comparative study of betacyanin profile and antimicrobial activity of red pitahaya
(Hylocereus polyrhizus) and red spinach (Amaranthus dubius). Plant foods for human nutrition. 2017 Mar;72:41-7.

[93] Canadanovié-Brunet JM, Savatovié¢ SS, Cetkovi¢ GS, Vulié JJ, Djilas SM, Markov SL, Cvetkovi¢c DD. Antioxidant and
antimicrobial activities of beet root pomace extracts. Czech Journal of Food Sciences. 2011 Nov 28;29(6):575-85.

[94] Wijesinghe VN, Choo WS. Antimicrobial betalains. Journal of applied microbiology. 2022 Dec 1;133(6):3347-67.

[95] Lechner JF, Stoner GD. Red beetroot and betalains as cancer chemopreventative agents. Molecules. 2019 Apr 23;24(8):1602.
[96] Reddy MK, Alexander-Lindo RL, Nair MG. Relative inhibition of lipid peroxidation, cyclooxygenase enzymes, and human tumor
cell proliferation by natural food colors. Journal of agricultural and food chemistry. 2005 Nov 16;53(23):9268-73.

[97] Zielinska-Przyjemska M, Olejnik A, Dobrowolska-Zachwieja A, Luczak M, Baer-Dubowska W. DNA damage and apoptosis in
blood neutrophils of inflammatory bowel disease patients and in Caco-2 cells in vitro exposed to betanin. Advances in Hygiene &
Experimental Medicine/Postepy Higieny tability study of betacyanin extract from red dragon fruit (Hylocereus polyrhizus) peels.
Procedia Chemistry. 2015 Jan 1;16:438-44.

[98] Yong YY, Dykes G, Lee SM, Choo WS. Effect of refrigerated storage on betacyanin composition, antibacterial activity of red
pitahaya (Hylocereus polyrhizus) and cytotoxicity evaluation of betacyanin rich extract on normal human cell lines. LWT. 2018 May
1;91:491-7.

[99] Alfawal AE, Elgammal OE, El-Shanshoury MR. Anticancer Activity of Beetroot (Beta vulgaris L.) Extracts (Human Colon
Carcinoma Cell Line). Al-Azhar Journal of Agricultural Research. 2022 Jun 1;47(1):253-62.

[100] Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, Li Y, Wang X, Zhao L. Inflammatory responses and inflammation-associated
diseases in organs. Oncotarget. 2018 Jan 1;9(6):7204.

[101] He J, Giusti MM. Anthocyanins: natural colorants with health-promoting properties. Annual review of food science and
technology. 2010 Apr 10;1:163-87.

[102] Ahmadi H, Nayeri Z, Minuchehr Z, Sabouni F, Mohammadi M. Betanin purification from red beetroots and evaluation of its anti-
oxidant and anti-inflammatory activity on LPS-activated microglial cells. PloS one. 2020 May 13;15(5):e0233088.

[103] Allegra M, Furtmiiller PG, Jantschko W, Zederbauer M, Tesoriere L, Livrea MA, Obinger C. Mechanism of interaction of betanin
and indicaxanthin with human myeloperoxidase and hypochlorous acid. Biochemical and biophysical research communications. 2005
Jul 8;332(3):837-44.

[104] Clifford T, Howatson G, West DJ, Stevenson EJ. The potential benefits of red beetroot supplementation in health and disease.
Nutrients. 2015 Apr;7(4):2801-22.

[105] Priatni S, Pradita A. Stability study of betacyanin extract from red dragon fruit (Hylocereus polyrhizus) peels. Procedia Chemistry.
2015 Jan 1;16:438-44.

[106] Reshmi SK, Aravinthan KM, Devi PS. Antioxidant analysis of betacyanin extracted from Basella alba fruit. 2012.

[107] Kapadia GJ, Rao GS. Anticancer effects of red beet pigments. Red Beet Biotechnology: Food and Pharmaceutical Applications.
2012:125-54.

TIJER2402090 ‘ TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org ’ ar29




TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org

[108] Georgiev VG, Weber J, Kneschke EM, Denev PN, Bley T, Pavlov Al. Antioxidant activity and phenolic content of betalain
extracts from intact plants and hairy root cultures of the red beetroot Beta vulgaris cv. Detroit dark red. Plant foods for human nutrition.
2010 Jun;65:105-11.

[109] Georgiev VG, Weber J, Kneschke EM, Denev PN, Bley T, Pavlov Al. Antioxidant activity and phenolic content of betalain
extracts from intact plants and hairy root cultures of the red beetroot Beta vulgaris cv. Detroit dark red. Plant foods for human nutrition.
2010 Jun;65:105-11.

[110] Moreno-Ley CM, Osorio-Revilla G, Herndndez-Martinez DM, Ramos-Monroy OA, Gallardo-Velazquez T. Anti-inflammatory
activity of betalains: a comprehensive review. Human Nutrition & Metabolism. 2021 Sep 1;25:200126.

[111] Yong YY, Dykes G, Lee SM, Choo WS. Biofilm inhibiting activity of betacyanins from red pitahaya (Hylocereus polyrhizus)
and red spinach (Amaranthus dubius) against Staphylococcus aureus and Pseudomonas aeruginosa biofilms. Journal of applied
microbiology. 2019 Jan 1;126(1):68-78.

TIJER2402090 | TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org | a730



