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Abstract 

 

Betalains are water soluble nitrogenous pigments which are stored in vacuoles as glycosides. 
They consist of red-violet betacyanin and yellow betaxanthin. Nowadays, this pigment has 
gained much attention due to increasing society awareness of healthy and natural products. 
Natural pigments become frequently used in food, cosmetic and medicine industries as a 
substitute for synthetic dyes due to the latter’s negative impacts on health and environment. 
Therefore, information about the plants that produce betalain pigments is needed. The 
occurrence of betalain in higher plants is restricted in 13 families of the order Caryophyllales, 
such as family Amaranthaceae. Until now betacyanin pigments derived from red beet root is 
the only one that have been produced commercially in the form of concentrates or powder. 
Therefore, exploration of new alternative potential sources of betalain is necessary. 
Amaranthus, a member family Amaranthaceae is widely cultivated in some areas of Asia and 
Africa and contains complex mixtures of betalain. Several species of Amaranthus are often 
considered as weeds. Yet, in many countries Amaranthus are also used as vegetables, 
cereals as well as medicinal and ornamental plants. Interestingly, the cultivated species 
contain more betacyanin and higher biomass than wild ones. Based on its physico-chemical 
properties Amaranthus pigments show possible potential as food colorant. In addition, 
Amaranthus betalain shows strong antioxidant activity. Recent studies recommended 
Amaranthus plant as an alternative source of betalain. 
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Introduction 
Betalains are a class of nitrogen-containing pigments, mutual exclusive with anthocyanin 
which in higher plant is only synthesized in 13 families of the order Caryophyllales. Like 
anthocyanin, the betalain pigment also interacts with their environment, such as attraction of 
pollinators and protection of tissue against damaging UV-radiation as well as increase 
pathogen resistance and improve viral defense especially for under gorund growing part like 
red beet root. Recently, natural plant pigments have been widely used as natural colorants to 
replace synthetic dyes, which are increasingly rejected by consumer. Betalain is one of the 
most plant pigments which have been increasingly used as natural colorant either for food or 
pharmacy and cosmetic industry. Until now, root of red beet (Beta vulgaris) is the ultimate 
source of betacyanin which is commercially developed either in concentrate or powder. The 
attention towards betalain is still few due to consideration that the edible betalain source is 
only from red beet. Therefore, trend of research has been going to explore alternative sources 
of betalain, especially the betacyanin. The promising alternative source plant is Amaranthus, 
a member of famili Amaranthaceae.  

Distribution and Uses of Amaranthus  
Genus Amaranthus has species and genotypes that are potential as plant pigment sources 
which are accumulated either in leaves, flowers, or stems. Currently, Amaranthus includes 3 
recognized sub-genus and 70 species, although species number is still questionable due to 
hybridization and species determination. Several species are considered weeds. However, 
people around the world know Amaranthus as vegetables, cereals, and ornaments. Interest in 
Amaranthus increases because the plants of this genus are rich in biologically active 



compounds and are valuable food crops. Amaranthus seeds can be used as cereal or ground 
into flour that have high content of proteins, essential amino acids, and minerals. Apart from 
protein, Amaranthus grains are good sources of dietary fiber and dietary minerals such as 
iron, magnesium, phosphorus, copper, and especially manganese. The leaves also are 
consumed as nutritious leaf vegetables.  
 
Amaranthus, an annual plant with C4 type of photosynthesis, has a high production potential 
because it grows intensively, photosynthesis fast and effectively and is capable of growing in 
a wide range of environments. As an ornamental plant, its beauty is prominently supported by 
betacyanin-type betalain pigments. Similar to the red pigments in red beet the Amaranthus 
betacyanin has been widely used in food industry. In China, natural pigments of Amaranthus 
tricolor has been legally accepted as food ingredients (Hygienic standards for Food Additives, 
GD2760-89). Moreover, the cultivated species of Amaranthus has higher content of 
betacyanin and more biomass than the wild species. Although the cultivars and the growth 
stage affect the pigment concentration it shows that the cultivated genotypes are potential to 
be commercially developed as natural pigment sources (Cai et al., 1998a).  
 
Betacyanins : biosynthesis and properties 
Red-violet Amaranthus pigments are nitrogenous compounds, water soluble betacyanins. 
This pigment supports the red appearance in flower and vegetative tissues of Amaranthus. 
Freshly isolated protoplasts derived from cotyledonous seedling of A. tricolor show cells 
containing red vacuolar pigments among the green ones (Fig. 1). Betacyanins are derived 
from immonium conjugate of betalamic acid with cyclo-DOPA with additional substitutions 
through varying glycosylation and acylation patterns at C-5 or C-6 (Fig. 2). Betacyanins have 
two optimum absorptions, in the UV-range between 270 – 280 nm due to cyclo-DOPA 
structure and in the visible range at 535 – 538 nm depending on the solvent. Based on the 
chemical structure, betacyanin has four types, e.g. betanin, 2-Descarboxy-betanin, 
gomphrenin, and amaranthine. The amaranthine (Fig. 3) and isoamaranthine are 
predominantly betacyanins in many genus of the Amaranthaceae including Amaranthus (Cai 
et al., 2001). These two pigments reach about 95% of the betacyanins fraction of A. pinosus 
stem bark (Stintzing et al., 2004). Meanwhile, the average of amaranthine and 
isoamaranthine compositions among 40 genotypes of 37 species in 8 genus including 
Amaranthus were 91.5 and 2.8% peak area of the total area (Cai et al., 2001). 

 
Fig. 1. Basic structure of betacyanins. 

 
Fig. 2. Structure of Amaranthine. R= 

glucuronic acid (Stintzing et al., 2004). 

 
Fig. 3. Freshly isolated protoplasts from in vitro cotyledonary seedling of Amaranthus tricolor.       

Note * : vacuolar betacyanin (Mastuti, 1995). 

 
Different from other natural pigments, extraction of Amaranthus betacyanins is inexpensive 
because it is easily extractable by water. In solution the brightness of red–violet betacyanins 



will be stable at low temperature in the dark and in the absence of air in the pH range 5-7. 
However, the dried pigments are more stable at room temperature for long-term storage. It 
shows that Amaranthus pigments are potentially used for commercial food colorants, 
especially in low temperature like jelly and ice cream (Cai et al., 1998b). 

Biological Properties: antioxidant and antimalarial acitivities  
Several studies have proved that red beet is a good source of natural antioxidant. The most 
responsible component is betanin because it is very good electron donor acting as 
antioxidants. Therefore, betalains has been classified as a new class of dietary cationized 
antioxidants. Amaranthine betacyanin derived from A. tricolor also shows antioxidant activity 
although they showed the lowest value of DPPH Inhibition (31.1%) among the other 
betacyanin Amaranthaceae tested but it was quite higher than ascorbic acids which was used 
as standard antioxidant (17.1%) (Cai et al., 2005). Antioxidant activity of different betalains 
depends on their chemical structures. The C-5 position of the hydroxyl group on aglycones in 
the betalain molecules significantly improved the activity. The number of hydroxyl group and 
imino groups in the molecule correlates with increasing free radical activity of the betalains 
(Cai et al., 2003). 

Amaranthine also has a potential effect as antimalaria agent. Betalain pigments derived from 
stem bark extract of A. spinosus containing amaranthine showed suppressive activity on 
Plasmodium berghei berghei (with ED50 = 789.36 ± 7.19 mg/kg) (Hilou et al., 2006). It was 
noted that betalain pigments can chelate the parasite indispensable inner cation Ca

2+
, Fe

2+
 

and Mg
2+

 due to its ortodiphenol and several carboxy. Plasmodium ribonucleotide reductase 
(RNR) enzyme needs Fe

2+
 dan Mg

2+
 cofactors to synthesize nucleic acids. It is the reason 

why metal chelators are widely used as antimalaria agents. Amaranthine also contains 
quarternary nitrogen which inhibits plasmodium growth by blocking the parasite choline 
intracellular transport. The cholin is needed for biosyntesis of phosphatidylcholines, which are 
essential molecules for Plasmodium. 
 
Future Prospect 
Many studies show that Amaranthaceae plants are a potential source of both natural colorant 
and natural antioxidant. It shows high potential not only as healthy natural food colorant but 
also as a substitute for the commercially developed betalains from red beet. Plant 
improvement of Amaranthus has also been established through tissue and protoplasts culture 
in vitro which showed its potential to produce continuous betacyanin (Mastuti, 1995). 
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