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Abstract: Betalains are natural bioactive pigments characterized by their nitrogen-containing 

structure, water solubility, and non-toxic properties, occurring naturally in various plant species 

across different families. Among these plants, Celosia argentea, a member of the Amaranthaceae 

family, has been identified as a particularly rich source of betalains, synthesizing and accumulating 

significant quantities of both red-purple betacyanins and yellow-orange betaxanthins. The value of 

betalains extends far beyond their role as brilliant natural colorants; these bioactive substances 

possess an impressive array of health-promoting properties that have attracted significant scientific 

interest, with research demonstrating that betalains exhibit potent antioxidant and anti-inflammatory 

activities, alongside notable antimicrobial properties, while studies have revealed their anticancer, 

antidiabetic, and antilipidemic effects, as well as their ability to provide hepatoprotective and 

neuroprotective benefits. This diverse profile of biological activities has positioned betalains as 

valuable ingredients across multiple industries, with applications spanning food and beverages, 

where they serve as natural colorants and functional ingredients; textiles, where they provide 

sustainable dyeing alternatives; and the cosmetic and pharmaceutical sectors, where their therapeutic 

properties can be harnessed for various health-promoting products. This review presents a 

comprehensive examination of the current research status regarding betalain production in C. 

argentea, exploring the biosynthetic pathways responsible for betalain formation, analyzing their 

diverse biological properties, discussing their wide-ranging applications across different industries, 

and offering perspectives on future research directions in this promising field. 

Keywords: betalain; biological property; Celosia argentea; natural pigment; ornamental plant; plant 

secondary metabolites 

 

1. Introduction 

Celosia belongs to the Amaranthaceae family, which comprises approximately 60 species. This 

genus is native to subtropical and temperate zones of Africa, South America, and Southeast Asia. The 

name "Celosia" derives from the Greek word "kelos," meaning "burned" or "burning," referring to the 

vibrant colors of its inflorescences (yellow, red, and orange). Among the various species, Celosia 
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argentea var. cristata (L.) Kuntze (also known as C. cristata L.) and C. argentea var. plumosa (Burvenich) 

Voss (C. plumosa Burvenich) are widely recognized ornamental plants cultivated globally. C. argentea 

var. cristata is commonly known as cockscomb, while C. argentea var. plumosa is referred to as 

feathered amaranth [1–3]. According to Miguel et al. [4], C. argentea is considered the wild form, 

whereas C. cristata and C. plumosa are regarded as cultivar types. 

Beyond their ornamental value, Celosia species serve multiple purposes. The seedlings, young 

leaves, and inflorescences are consumed as vegetables in Asia, Africa, and South America. 

Additionally, they play a significant role in traditional medicine, where they are used as disinfectants 

and remedies for eye and liver ailments, as well as treatments for dysentery, dysuria, blood disorders, 

gynecological conditions, hypertension, and sarcoptidosis, among other health issues [5–8]. C. 

argentea contains a diverse array of bioactive compounds, including saponins [8,9], phenols [6,10,11], 

flavonoids [12], bicyclic peptides [13], and betalains [1,14,15]. These compounds contribute to various 

biological properties, such as antioxidant [16,17], antimicrobial [12,18], anti-inflammatory [12], 

antidiabetic [19], antimetastatic [20], and anticancer activities [6,11]. Further benefits include 

immunomodulatory and hepatoprotective effects [4,9,21]. 

Among the various bioactive compounds found in C. argentea, betalains have garnered 

significant scientific interest. This review aims to comprehensively describe current research on 

betalain production in C. argentea, including its biosynthesis pathway, biological properties, and 

applications. The review also discusses future prospects for betalain production from this valuable 

plant resource. 

2. Celosia argentea: Taxonomy, Morphology, and Ethnobotanical Applications 

Celosia argentea, commonly known as plumed cockscomb or silver cock's comb, is an annual 

plant belonging to the Amaranthaceae family. Native to subtropical and temperate zones of Africa, 

South America, and Southeast Asia, the genus Celosia comprises approximately 60 species worldwide 

[1]. This plant is known by various regional names, including Qingxiang in China [7], Mawal in India 

[22], and soi kai or ngon kai in Thailand. Among the diverse species within this genus, two primary 

varieties are widely cultivated globally: C. cristata (characterized by cylindrical pink or rose flower 

heads) and C. plumosa (distinguished by feathery plume-like flower heads) (Figure 1). 

 

Figure 1. Celosia argentea var. plumosa (A) and C. argentea var. cristata (B). 

Morphologically, C. argentea is classified as an herbaceous plant due to its lack of woody tissue 

and the presence of a hairy covering. It is a short-lived, predominantly annual plant with stems 

reaching approximately 15–100 cm in height. The plant features simple leaves arranged in opposite 

pairs, with shapes varying from lance-like to linear. These leaves exhibit pointed tips, tapered bases, 
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and wavy edges, and are relatively thin with light green coloration. The midrib of the leaves ranges 

in color from creamy white to dark green or reddish. The inflorescence of C. argentea consists of 

compact flower clusters emerging from leaf axils and branch tips. The flower stalks typically measure 

10–20 cm in length, with upright-standing flowers. These flowers are characterized by hairy bracts 

that overlap densely in multiple layers. They are bisexual and cylindraceous or trochiform, 

positioned at the apex of stems and branches. The flowers display a vibrant palette of colors, 

including red, orange, pink, and yellow, with some clusters exhibiting multiple colors 

simultaneously. Owing to their striking coloration, these plants are widely cultivated as ornamental 

specimens, cut flowers, and are frequently used in dried flower arrangements [7,23,24]. 

Beyond their ornamental value, C. argentea plants serve significant nutritional and medicinal 

purposes. The seedlings, young leaves, and inflorescences are consumed as vegetables across various 

regions, including Asia, Africa, and South America. From an ethnomedicinal perspective, different 

parts of the plant have been traditionally utilized to address various health conditions. The dried ripe 

seeds, for instance, have been employed in the treatment of hepatitis, hypertension, and 

sarcoptidosis, as well as to enhance vision [7,25]. Similarly, dried leaves and inflorescences have 

served as disinfectants and remedies for ocular and hepatic ailments, and have been used to treat 

dysentery, dysuria, blood disorders, and gynecological conditions [5–8]. In addition, the radix extract 

of this plant has been used to treat stomachache [26]. 

3. Bioactive Compounds in C. argentea 

C. argentea contains a diverse array of bioactive compounds isolated from various parts of the 

plant. The major constituents include saponins, polyphenols, fatty acids, peptides, amino acids, 

betalains, and minerals, as summarized in Table 1. Each of these compounds contributes to the plant's 

medicinal properties. 

Table 1. The major bioactive compounds found in C. argentea (modified from Tang et al. [7]. 

Bioactive 

compound 

Chemical Analytical technique Plant part Reference 

Saponins Celosin A, Celosin B, Celosin C, Celosin D, 

Celosin E, Celosin F, Celosin G, Celosin I, 

Celosin II, Celosin H, Celosin I, Celosin J, 

Cristatain 

NMR, HPLC-ELSD Seed [9,27–30] 

Polyphenols Lutin, Epigallocatechin, Gallic acid, Caffeic 

acid, Rosmarinic acid, Quercetin, 4-O-β-d-

apifuranosyl-(12)-β-d-glucopyranosyl-2-

hydroxy-6-methoxyacetophenone 

HPLC Leaf [11,17] 

Peptides Moroidin, Celogentins A, Celogentins B, 

Celogentins C, Celogentins D, Celogentins 

E, Celogentins F, Celogentins G, 

Celogentins H, Celogentins J, Celogentins 

K, Celogenamide A 

NMR, MS/MS, CD 

spectra 

Seed [31–35] 

Amino acids Glycine, Alanine, Arginine, Lysine, 

Glutamic acid, Valine, Methionine, 

Isoleucine, Phenylalanine, Serine, 

Tyrosine, Proline, Leucine, Histidine, 

Aspartic acid, Cysteine, Cytine, Threonine, 

Ornithine  

Amino acid 

analyzer 

Seed, Leaf [36,37] 

Fatty acids Arachic acid, Arachidonic acid, Linolenic 

acid, Hexadecanoic acid, Palmitoleic acid, 

Octadecanoic acid, Octadecanoic 

monoenoic acid, Oleinic acid, Linoleic acid 

GC Seed [36,37] 
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Betalains Betaxanthins (Indicaxanthin, 

Dopaxanthin), Betacyanins (Betanin, 

Gomphrenin, Amaranthine, and 

Bougainvillein) 

Spectrophotometry Leaf, 

Inflorescence 

[1,14,15] 

Minerals K, Ca, Mg, Na, Fe, Mn, Cu, Zn, S, Si, Ti, 

Cd, Hg, Cr, Mo, Pb 

AA Seed, Leaf [36,37] 

Others Β-Sitosterol, Stigmasterol, β-Carotene, 

Ascorbic acid 

- Seed, Leaf [38,39] 

Saponins in C. argentea exist as oleanane-type triterpenoids, with various forms identified, 

including celosin A to J, celosin I and II, and cristatain. These compounds demonstrate significant 

biological properties such as anti-inflammatory, antitumor, and hepatoprotective effects [7].  

Polyphenols represent another important class of bioactive compounds with similar biological 

properties to saponins. Research has shown that polyphenol content varies across Celosia species. For 

example, C. laxa contains significantly higher levels of polyphenols and flavonoids than red and green 

variants of C. argentea [17]. The primary polyphenols in C. laxa are rosmarinic acid and phenol 

glycoside, while rutin and epigallocatechin predominate in the green variant, and epigallocatechin is 

the main constituent in the red variant of C. argentea [7]. 

Japanese researchers first discovered cyclic peptides in C. argentea [31]. The most notable 

peptides include moroidin, celogentins, and celogenamide A, which have demonstrated anti-mitotic 

effects. Beyond these cyclic peptides, various amino acids are present in this plant. Lin et al. [37] 

reported that approximately 42.85% of total amino acids in C. argentea are essential, with glutamic 

and aspartic acid being the predominant forms. Regarding fatty acid composition, C. argentea 

contains primarily unsaturated fatty acids (approximately 79.28%), with oleinic and linoleic acids 

being the most abundant [37]. 

The mineral content of C. argentea varies depending on the specific variety. For instance, C. 

argentea var. plumosa contains higher levels of Fe, Al, Mn, Cu, K, Ni, Ti, and Se compared to C. argentea 

var. cristata [40]. According to Lin et al. [37], the content of Fe, Zn, Mn, and Cu is 197, 160, 56, and 30 

mg/g, respectively. Additional bioactive compounds found in C. argentea include lutein, β-carotene, 

stigmasterol, and ascorbic acid [38,39]. 

Recent studies have highlighted that C. argentea inflorescences contain significant amounts of 

natural pigments called betalains. These compounds confer numerous biological and pharmaceutical 

properties, including anti-inflammatory, anticancer, antimicrobial, antioxidant, and antidiabetic 

effects, as well as immunological activity, cytoprotective, and hepatoprotective benefits [15,41,42]. 

Schliemann et al. [1] found that C. argentea contained 0.157 g/g fresh weight (FW) of total betalains in 

yellow inflorescence and 0.293 g/g FW in orange-red inflorescence. More recently, Mueangnak et al. 

[15] reported that inflorescences of 3-month-old field-cultivated C. argentea contained approximately 

2.95 mg/g dry weight (DW) of total betalains. 

4. Betalains in C. argentea: Biosynthesis Pathway, Biological Properties, and 

Applications 

Betalains are nitrogen-containing, water-soluble, non-toxic major plant secondary metabolites 

derived from the metabolism of amino acid L-tyrosine. They comprise two major groups: red-purple 

betacyanins, with a maximum absorbance of 530 nm, and yellow-orange betaxanthins, with a 

maximum absorbance of 480 nm. Both compounds are based on betalamic acid [4-(2-

oxoethylindene)-1,2,3,4-tetrahydropyridine-2,6-dicarboxylic acid], which forms through 

condensation with either cyclo-3,4-dihydroxyphenylalanine (cyclo-DOPA) derivatives or various 

amino acids/amines, respectively (Figure 2) [43–45]. The composition and concentration of 

betacyanins and betaxanthins vary across plant sources, resulting in diverse colorations in the plant 

organs where they accumulate [46–48]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 April 2025 doi:10.20944/preprints202504.1533.v1

https://doi.org/10.20944/preprints202504.1533.v1


 5 of 17 

 

 

Figure 2. Betalamic acid (A), betacyanin (B), and betaxanthin (C) structures [49]. 

Over the past decade, scientists have isolated and characterized more than a hundred betalains, 

organizing them into different structural categories [43,50]. Within the betacyanin group, compounds 

such as betanin, gomphrenin, amaranthin, and bougainvillein have been identified, while the 

betaxanthin group includes amino acid conjugates and amine-derived conjugates [49,50]. Compared 

to anthocyanins (another class of plant pigments), betalains demonstrate superior water solubility, 

greater dyeing capacity, and enhanced stability across a pH range of 3 to 7 [43,51], making them 

exceptionally versatile for various applications. 

The distinctive properties of betalains make them valuable candidates for use as natural 

colorants in foods and beverages, dyeing agents in textiles and cosmetics, and film materials for 

coating metal surfaces. Beyond their colorant applications, betalains exhibit remarkable biological 

activities, including anti-inflammatory, antioxidant, anticancer, and antimicrobial properties, 

highlighting their significant potential for pharmaceutical and medical applications [45]. Recent 

research has begun exploring the molecular mechanisms behind these health-promoting effects, 

further expanding the potential therapeutic uses of these natural compounds in treating various 

disorders and diseases. 

4.1. Biosynthesis Pathway of Betalains 

The biosynthesis pathway of betalains in C. argentea has not yet been fully elucidated. Most 

studies have been carried out in Beta vulgaris, Portulaca grandiflora, Mirabilis jalapa, Hylocereus undatus, 

H. monacanthus, and Amaranthus tricolor [44,45,52,53]. However, based on comprehensive literature 

reviews, betalains are synthesized from the aromatic amino acid tyrosine, which is a product of the 

shikimic acid pathway [54]. These pigments are produced in the cytosol and endoplasmic reticulum 

before being transported and accumulated in vacuoles, particularly in the epidermal and 

subepidermal tissues [55,56]. 

As illustrated in Figure 3, the biosynthesis begins with the conversion of tyrosine to 3,4-

dihydroxy-L-phenylalanine (L-DOPA). Initially, this conversion was reported to be catalyzed by 

tyrosinase in the presence of molecular oxygen [47,50]; however, more recent studies have 

demonstrated that cytochrome P450 enzymes belonging to the CYP76AD family are responsible for 

this tyrosine hydroxylase activity [57]. Following this conversion, the aromatic ring of L-DOPA 

undergoes oxidation and cleavage in the presence of the enzyme 4,5-DOPA-estradiol-dioxygenase 

(4,5-DODA), resulting in the formation of 4,5-seco-DOPA [58]. The resulting 4,5-seco-DOPA then 

spontaneously converts through a cyclization reaction to form betalamic acid [59], which serves as a 

key intermediate for the formation of both betacyanins and betaxanthins. Betaxanthins are formed 

through a relatively simple process involving the condensation of betalamic acid with amino acids 

or other amines, which occurs without enzymatic catalysis [43]. 
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In contrast, the formation of betacyanins follows a more complex pathway. First, L-DOPA is 

converted into cyclo-DOPA through an oxidation and cyclization reaction catalyzed by CYP76AD 

enzymes. Cyclo-DOPA is subsequently glycosylated by cyclo-DOPA-5-O-glucosyltransferase to yield 

cyclo-DOPA-glucoside. The condensation of this glycosylated compound with betalamic acid results 

in the formation of betanin, a member of the betacyanin group, which is characterized by a hydroxy 

group (-OH) at the C6 position and a glycosyl residue linked to -OH at the C5 position [60,61]. The 

formation of other betacyanins involves additional structural modifications catalyzed by various 

glucosyltransferase enzymes. For example, gomphrenin features a glucosyl residue linked to the OH 

at the C6 position, while amaranthine contains a glucuronyl glucosyl residue at the C6 position. 

Bougainvillein is distinct in having glucosyl residues at both the C5 and C6 positions of cyclo-DOPA 

[4,62]. 

 

Figure 3. Biosynthesis pathway of betalains [49]. 

4.2. Biological Properties of Betalains 

Betalains exhibit a wide spectrum of biological activities as demonstrated in both in vitro and 

cellular assays, including antioxidant, anti-inflammatory, antimicrobial, anticancer, antidiabetic, 

antilipidemic, and hepatoprotective effects. B. vulgaris (beetroot) and Opuntia ficus-indica (prickly 

pear) serve as the primary sources for betalains in biological property investigations, with betanin 

and indicaxanthin being the most extensively studied compounds among this pigment family [45]. 

The mechanisms through which betalains exert these diverse biological effects are property-specific 

and comprehensively summarized in Table 2.  

Table 2. Biological properties of betalains (modified from Carreón-Hidalgo et al. [45]. 

Biological activity Mode of action Reference 

Antioxidant 1. Direct scavenging of free radicals 

2. Indirect activation of antioxidant defense mechanisms, such as antioxidant 

enzymes, through the induction of transcription factors (e.g., nuclear factor 

erythroid 2-related factor 2 (Nrf2)) or the activation of superoxide 

dismutase (SOD), catalase (CAT), glutathione S-transferase (GST), protein 

[45,63–66] 
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kinase B (AKT), c-Jun N-terminal kinase (JNK), and extracellular signal-

regulated kinase (ERK) enzymes 

Anti-inflammatory 1. Reduction of inflammatory transcription factors and cytokines: 

- Decrease NF-κB, TNF-α factor, IL-6, IL-1β, CCL5, and CXCL1 

- Increase anti-inflammatory IL-10 

2. Reduction of pro-inflammatory enzymes: 

- Decrease iNOS and COX-2 activity 

3. Decreased oxidative stress markers: 

- Reduce reactive oxygen and nitro species, superoxide anion, and lipid 

peroxidation 

[45,67–72] 

Antimicrobial Betalains exert antimicrobial activity against both Gram-positive and Gram-

negative bacteria by targeting microbial cell membranes, similar to phenolic 

compounds. They alter membrane function and structure while increasing 

membrane permeability, ultimately leading to microbial cell death 

[45,73–76] 

Anticancer 1. Inhibition of cancer cell proliferation and viability across multiple cancer 

types, such as prostate (PC-3), colon (HCT-116, CaCo-2), breast (MCF-7), 

lung (H460), stomach (AGS), brain, central nervous system (NCI-SF-268), 

liver (HepG2), and melanoma (A375) cancer cells 

2. Induction of apoptosis through multiple pathways:  

- Upregulation of pro-apoptotic genes and proteins (p21, p53, Bax, Bad, 

TRAILR4/DR4, FAS, caspase 3) in various cancer cell lines 

- Enhanced DNA damage and loss of mitochondrial membrane potential 

- Increased apoptotic cell percentage in melanoma cells (Allegra et al., 

2018) 

3. Promotion of autophagy as an additional anticancer mechanism:  

- Induced autophagy in breast cancer cells 

- Overexpression of autophagy markers like LC3-II in melanoma cells 

[77–89] 

Antidiabetic and 

antilipidemic  

1. Regulation of glucose metabolism and pancreatic function:  

- Decreased plasma glucose levels, reduced insulin and glycosylated 

hemoglobin, and lowered Maillard products related to protein glycation 

- Significant hypoglycemic activity and increased insulin concentration 

- Potent antihyperglycemic activity through inhibition of digestive 

enzymes (α-amylase and α-glucosidase)  

2. Improvement of lipid profiles and body composition:  

- Reduced serum lipids including total cholesterol, triacylglycerols, LDL, 

and VLDL  

- Decreased body weight 

3. Clinical benefits in cardiometabolic conditions:  

- Reduced atherogenic risk factors, hyperhomocysteinemia, dyslipidemia, 

and hyperglycemia 

[86,90–98] 

Hepatoprotective, 

neuroprotective, and 

other effects 

1. Protection against drug and chemical toxicity 

- Restored critical liver enzymes (alkaline aminotransferase, aspartate 

aminotransferase, and alkaline phosphatase) 

- Reduced drug-induced alterations in liver morphology 

- Decreased enzymatic activity associated with liver damage 

2. Radioprotective properties 

- Restoring antioxidant enzyme activity in the liver and other organs 

(spleen, kidneys) 

- Decreasing malondialdehyde levels, an indicator of oxidative stress 

- Reducing white blood cell damage and micronuclei formation in 

erythrocytes 

[99–103] 
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4.3. Applications of Betalains 

Betalains exhibit diverse biological properties, making them valuable across multiple industries, 

including food and beverages, packaging, textiles, cosmetics, and pharmaceuticals, as well as other 

aspects. The Food and Drug Administration (FDA) has classified betalains as generally recognized 

as safe (GRAS) under the color additive petition, permitting their use as natural products in foods, 

beverages, cosmetics, and pharmaceuticals (Simon et al., 2017; Sadowska-Bartosz and Bartoz, 2021; 

FDA U.S. Food and Drug Administration, 2023). Among betalains, betanin derived from beetroot 

(E162) is the most widely utilized compound. While commercial betalains are predominantly sourced 

from beetroot, limited information exists regarding betalains from C. argentea. Table 3 summarizes 

the applications of betalains derived from various plant sources across different industries. 

Table 3. The applications of betalains from different plant species. 

Industry Product Plant source Reference 

Foods and beverages Jelly, ice cream, and ice sherbets B. vulgaris [104–106] 

Banana juice, fruit spread Rivina humilis [107] 

Dairy (cow milk) B. vulgaris, Hylocereus 

polyrhizus 

[108,109] 

Yogurt H. polyrhizus [110] 

Yogurt and cream Opuntia ficus-indica, O. 

megacantha 

[111] 

Jelly gummy and drink Salicornia fruticosa [112] 

Juice B. vulgaris [113] 

Biscuits B. vulgaris [114] 

Candies B. vulgaris [115] 

Banana spread Basella rubra [116] 

Beverages, smoothie-like beverages B. vulgaris [113,117] 

Noodle Amaranthus tricolor [118] 

Pork meat - [64] 

 Rainbow trout fillets B. vulgaris [119] 

Food packaging Furcellaran films B. vulgaris [120] 

Starch/polyvinyl alcohol films Stenocereus stellatus [121] 

Ammonium chitosan/polyvinyl alcohol 

films 

O. ficus-indica [122] 

 Ammonium chitosan films A. tricolor [123] 

Textiles Colored wool O. ficus-indica [124] 
Colored wool B. vugaris [125] 

Bioactive cotton fabrics  B. vugaris [126] 

Betalain-dyed nonwoven cotton fibers B. vugaris [127] 

Cosmetics and 

pharmaceuticals 
Lipsticks H. polyrhizus [128] 

Facial cosmetic Amaranthus sp. [129] 

Other applications Dye-sensitized solar cells Phytolacca americana, B. 

vulgaris; Bougainvillea sp. 

[130–133] 

 Betalain-based biosensors B. vulgaris [134,135] 

 Metal coating B. vulgaris [136] 

 Organometallic reductants, stabilizing 

agents 

B. vulgaris [137] 

5. Production of Betalains from C. argentea 

Betalains can be extracted from both wild and cultivated Celosia argentea, with the plant's 

inflorescences serving as particularly rich sources of these compounds. However, obtaining betalains 

from natural plants presents several significant challenges. The process is notably labor-intensive, 
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requires extensive land area for cultivation, and remains highly vulnerable to seasonal, climatic, and 

geographical variations. Furthermore, the susceptibility of these plants to pathogens significantly 

reduces betalain yield. A recent study by Mueangnak et al. [15] highlighted these limitations, 

reporting that betalain content from a 3-month-old field-cultivated plant reached only 2.95 mg/g dry 

weight (DW), with productivity at a mere 0.03 mg/g·day. These constraints have prompted 

researchers to develop alternative production techniques, with plant cell and tissue cultures 

emerging as particularly promising platforms for efficiently producing these valuable bioactive 

compounds. 

Compared to other plant sources, research on betalain production from Celosia argentea remains 

relatively limited. Warhade and Badere [138] conducted pioneering work in this field, successfully 

investigating betalain production from callus cultures of C. argentea var. cristata. Their research 

documented significant betalain content, calculated by measuring amaranthin, betanin, betalamic 

acid, and betaxanthin levels, ranging from 9.62 to 29.90 mg/g fresh weight (FW). Building on this 

foundation, in 2018, the same researchers expanded their investigations to explore the effects of 

various elicitors on betalain production in cell suspension cultures derived from the same plant 

variety. Their findings revealed that after fungal elicitation, cultures achieved a total betalain content 

of approximately 1.44 mg/g FW [139]. 

More recent advancements have shown promising results. Sang A Roon et al. [14] established a 

betalain-producing cell line from C. argentea var. plumosa and achieved a maximum betalain 

concentration of 2.16 mg/g DW. This was accomplished by cultivating the cells in MS medium 

supplemented with 43.88 g/L sucrose, 0.15 mg/L tyrosine, and 0.77 mg/L BAP. Building on this 

research, Mueangnak et al. [15] investigated the effects of both biotic and abiotic elicitation on betalain 

production in cell suspension cultures of C. argentea var. plumosa. Their findings revealed that 

chitosan at 5.0 mg/L and copper sulfate (CuSO₄) at 6.4 mM were the most effective elicitors, enhancing 

betalain production to achieve impressive concentrations of 4.65 and 4.99 mg/g DW, respectively, 

demonstrating both the potential and challenges of enhanced betalain production through 

biotechnological approaches. 

6. Perspectives 

Betalains represent a class of bioactive natural pigments found in several plant species, including 

C. argentea. These valuable compounds exhibit a diverse range of biological properties that make 

them increasingly attractive for applications across multiple industries. While beetroot (Beta vulgaris) 

has traditionally served as the main commercial source of betalains, several limitations restrict its 

widespread utilization. These constraints include a limited color spectrum of pigments, the presence 

of undesirable earthy-musty odorants (primarily geosmin and pyrazines), and high nitrate content—

compounds that can serve as precursors to potentially carcinogenic nitrosamines [140]. In contrast, 

C. argentea offers significant advantages as an alternative source, providing a broader variety of 

colorants while notably lacking the problematic earthy-musty odorants found in beetroot.  

Despite these promising attributes, research focusing on betalain production from C. argentea 

has been relatively sparse over the past decade, especially when compared to extensively studied 

plants such as B. vulgaris (beetroot), O. ficus-indica (prickly pear), H. polyrhizus (dragon fruit), and A. 

tricolor (amaranth). This research gap extends to extraction methodologies, processing techniques, 

and characterization of betalains' physicochemical properties under various environmental and 

experimental conditions. Comprehensive investigations into these aspects are urgently needed to 

fully realize the potential of C. argentea as a commercial betalain source. 

The complexity of betalain chemistry presents both challenges and opportunities for researchers. 

The betalain family comprises more than one hundred distinct compounds, each potentially 

exhibiting unique biological properties and activities. Isolation, identification, and thorough 

characterization of individual betalain compounds from C. argentea represent crucial steps toward 

understanding their specific beneficial effects. Moreover, elucidating the precise mechanisms 

through which these compounds exert their biological activities is essential for their targeted 
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application. This knowledge gap is particularly significant in the pharmaceutical and cosmetic 

industries, where betalains show tremendous promise but currently lack sufficient scientific 

documentation to support their commercial development and regulatory approval. 

7. Conclusion 

C. argentea stands as one of the most promising sources of bioactive compounds in the plant 

kingdom. This remarkable plant not only accumulates various beneficial compounds, including 

saponins, polyphenols, peptides, and amino acids, but also synthesizes and stores relatively high 

concentrations of natural betalain pigments. These vibrant compounds extend far beyond their 

aesthetic value as brilliant colorants, offering an impressive array of health benefits that have 

captured significant scientific interest. Extensive research has demonstrated that betalains possess 

potent antioxidant, anti-inflammatory, and antimicrobial properties. Furthermore, they exhibit 

anticancer, antidiabetic, and antilipidemic activities, while also providing hepatoprotective and 

neuroprotective effects—a comprehensive profile that positions them as valuable ingredients across 

diverse industries, including food and beverages, textiles, cosmetics, and pharmaceuticals. 

The future development of C. argentea as a commercial source of betalains necessitates focused 

research efforts in several key areas. Scientists should prioritize the optimization of cultivation 

methods and extraction techniques specifically tailored to maximize betalain yield and quality from 

this plant species. Equally important is the identification and characterization of novel betalain 

compounds unique to C. argentea, as these may possess distinct biological activities not found in more 

commonly studied sources. Comprehensive investigations into the bioavailability, potential toxicity, 

and therapeutic efficacy of these compounds will be essential for establishing their safety and 

effectiveness in various applications. Recent advancements in analytical technologies and 

biotechnological approaches, particularly in areas such as metabolomics, genomics, and cell culture 

systems, could substantially accelerate progress in this promising field, ultimately enabling more 

sustainable, efficient, and economically viable production of these valuable natural compounds for 

global markets. 
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