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Chapter

Amaranth: An Ancient and  
High-Quality Wholesome Crop
Dinesh Adhikary, Upama Khatri-Chhetri and Jan Slaski

Abstract

Amaranth was a staple of the Aztec diet and is described as a “superfood” in part 
because of its high protein content and well-balanced amino acid profile. In terms of 
nutrient content, amaranth surpasses many staple crops such as rice, corn, and wheat. 
Additionally, lysine content is twice as much than in rice and thrice as much than in 
corn. Along with desirable agronomic traits, this crop has been hugely applauded for 
its gluten-free nature. Not only can it benefit vegan and gluten allergy personals, but 
it also has the potential to supply high-quality proteins and at the same time provides 
antimicrobial activities in the packaged food items. Despite all of these properties, 
this crop is still not in the mainstream cultivation practices in North America and 
in many parts of the world. As the planet is expecting massive increase in human 
population and global climate change, we firmly believe that this widely distributed, 
ancient, protein-rich pseudo-cereal has a potential to augment our food system. In 
this book chapter, we aim to report the nutritional properties of grain amaranth.

Keywords: amaranth, lysine, complete protein, gluten-free, ancient crop

1. Introduction

1.1 Amaranthus sp. taxonomy and distribution

Amaranthus L. is a eudicot genus in the Amaranthaceae family of the order 
Caryophyllales and is commonly known as the pigweeds or amaranths. The genus 
comprises about 75 species, which are generally annuals, and are distributed through-
out the world’s temperate and tropical regions [1, 2]. The genus Amaranthus is further 
divided into three subgenera, Acnida, Albersia, and Amaranthus [3], with Acnida 
being dioecious and subgenera Albersia and Amaranthus being monoecious but with 
distinctive floral morphology. The three main domesticated species of Amaranthus 
(Amaranthus caudatus L., A. cruentus L., and A. hypochondriacus L.) originated in the 
Americas and are primarily cultivated for grain, as potherbs and ornamentals [2, 4].

Amaranth is an ancient crop in which scientific and commercial interest has 
recently been renewed. The grain amaranths (A. hypochondriacus, A. caudatus, 
A. cruentus) have many favorable agronomic properties and are highly adaptable 
to various ecological zones, with better resistance to biotic and abiotic stresses 
than many conventional other food crops [2]. These species also have advantages 
of being protein-rich C4 pseudo-cereals that can be adapted to cultivation in a 
wide range of environments, with good tolerance of drought and salinity [2, 5]. 
Amaranths also exhibit superior water use efficiency compared to many other C3 
and C4 crops [6].
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1.2 Amaranth use in the ancient times

The grain amaranth was an important crop for the Aztecs and the Incas [1, 2]. 
In the pre-Columbian period, it was one of the major crops like beans and corn in 
the New World and carried religious importance [1]. During the various dates of 
the religious calendar, Aztec people ground amaranth seeds mixed with honey or 
human blood and make different shapes of animals, birds, mountains, and gods, 
and they were eaten during the ceremonies [1, 2].

Prior to the conquest by Spaniards, Mexicans had a culture where a ceremonial 
paste called Zoale was prepared from amaranth grains and was fed to the slaves 
before they were sacrificed to the gods [1, 7]. From the Christian viewpoint, the 
use of grain amaranth was the very symbol of heathen idolatry [1], and therefore 
Spaniards discouraged the cultivation of Amaranthus [1, 7]. Although the cultiva-
tion was highly suppressed by the Spanish conquistadors, small patches of A. 
hypochondriacus were still grown inside maize fields [1, 2].

Along with the widespread use in food products, grain amaranths also gained 
religious significance in India and Nepal. In Uttar Pradesh, India, the crop amaranth 
is recognized as Ramdana (seed given by Lord Ram) [7]. In the states of Madhya 
Pradesh and Gujarat, India, amaranth is recognized as Rajgira (Rajgira, a seed given 
by King, an incarnation of Lord Vishnu). In Hindu culture, popped amaranth grain 
is soaked in milk and is one of the food items permitted to be eaten during religious 
festivals after a long fasting [2, 7]. In different parts of Nepal, India, and Pakistan, 
popped amaranth seed is used to make laddoos and confections like alegria in 
Mexico. Laddoos carries an important religious significance. It is considered a pure 
food and can be offered to Hindu gods. Around the Nilgiri Hills in India, Badagas 
peoples have a ritual that they offer a basket of puffed amaranths on Badagas 
funeral pyre [7, 8]. Looking at those cultural instances, grain amaranths may have 
been migrated from the Americas to the Old World only about 500 years ago; but it 
is quite astonishing to get strong evidences on the connection of amaranth grain to 
Hindu culture in the Old World.

2. Nutritional facts of amaranths

2.1 Amaranth proteins

Based on the solubility and extractability, there are four major seed storage 
proteins in plants: albumins, globulins, prolamins, and glutelins. In pseudo-cereals, 
including amaranth, the major seed storage proteins are composed of albumin, 
globulin, and glutelin [9–13]. However, there are some reports showing traces of 
prolamins in some of the amaranth species [10, 12]. Storage proteins accumulate 
in developing seeds and store nitrogen, carbon, and sulfur [14]. These proteins 
are hydrolyzed and mobilized during seed germination and early seedling growth 
[14, 15]. They do not carry any enzymatic functions and are found only in seeds. 
However, some storage proteins may also be involved in defense or metabolism. 
These proteins are synthesized in the rough endoplasmic reticulum. As seeds 
mature, they are collected in the protein bodies that are derived from vacuole [15]. 
They may also act as a sink for excess nitrogen.

Chief distinction between the major proteins is outlined as follows: albumin 
storage proteins are water soluble with low molecular weight 10–18 kDa and low 
isoelectric point between pH 4.0 and 5.0 [16]. Based on the sedimentation coeffi-
cients (S20w), albumin has the coefficient of approximately 2S; therefore it is defined 
as 2S albumin [17]. However, in the case of pseudo-cereals, the sedimentation 
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coefficients of 1.7S comprised of polypeptides with Mr. ranging from 4000 to 
20,000, and they are high in sulfur-containing amino acids, including cysteine and 
methionine [17]. Majority of albumins consists of two polypeptide chains linked by 
four disulfide bonds [18]. They are found in dicot plants and account for 20–60% of 
the total proteins in seed [16]. Globulin storage proteins are soluble in salt with their 
molecular weights in the range of 150–190 kDa [16]. They have an isoelectric point of 
pH 5–10 [19]. Based on the sedimentation coefficients, (S20w), globulin has the coef-
ficients ranging from 7S to 12S [16]. They lack cysteine residues and lack disulfide 
bonds [16]. Glutelin storage proteins are soluble in borate buffer but poorly soluble 
in water. They have molecular weights in the range of 45–150 kDa and an isoelectric 
point range between the pH range of 4.8 and 8.7 and are highly hydrophobic in 
nature [16]. They are high in proline and glutamine content [16]. One of the distinc-
tive signal peptides that is distinguished from other storage proteins is the 37 amino 
acid sequence at the NH2 terminus that is followed by 269 amino acid acidic subunit 
(Mr = 32,489) and a 193 amino acid basic unit (Mr = 19,587) [20].

2.2 Lysine content

Amaranth grain and leaves are popular for their nutritional value. Protein con-
tent is about 15% in grains [21], and it has a well-balanced amino acid composition 
with high lysine content [22]. Lysine is the limiting amino acid in most of the cereal 
crops including wheat, sorghum, and rice, but it is abundant in amaranth; only the 
first limiting amino acid in amaranth is leucine [21], and it is also abundant in most 
of our staple food sources. Therefore, amaranth is considered as a complete protein 
supplier when it is consumed with another cereal.

2.3 Seed properties and nutrient content

Grain amaranth plant produces millions of seeds that are small (≈1 mm) in 
diameter and has not been analyzed for detailed morphological features [23, 24]. 
The color of the seeds is highly variable from white, gold, brown, and pink to black 
[24]. Coons [25] reported that black color is dominant over white and a single gene 
controls the inheritance. It is possible that the seed coat colors, perisperm type, and 
seed shape in Amaranthus species are controlled by different gene loci. Seed shape 
changes based on angle of view; in lateral view seeds appear lenticular in shape, 
and in front view seeds appear circular or obovate [23]. Adhikary [24] reported 
white-vitreous and white-opaque type of seeds. Although seed shape and size may 
not have a significant impact in the nutrient content of a seed, some pigmented 
seeds have been reported to contain different amounts of nutrient components. For 
instance, [21] reported that pale-colored seeds of A. caudatus contain about 14% of 
protein, 10% of fat, 64% of starch, and 8% of dietary fiber, while black-pigmented 
seeds were reported to contain 16% of dietary fiber, with lysine concentration 
ranged between 5.2 and 6.0 g/16 g N in the grains [21]. Moreover, protein digestibil-
ity was found to be higher in pale seeds than in the black seeds [21].

Starch is formed by two glucan polymers, amylose and amylopectin [26], and 
is stored in the perisperm of amaranth seed [27]. Like the grasses, amaranth starch 
can be classified as either glutinous (waxy) or non-glutinous (starchy) [27]. Non-
glutinous (starchy) seeds contain both amylose and amylopectin, and glutinous 
(waxy) seeds lack amylose [24, 26]. Both perisperm forms are found in all three 
species of the grain Amaranthus [26]. Amaranth seeds contain 65–75% of starch 
[28], and the digestibility of cooked amaranth seeds resulted in a similar response to 
white bread; however, flaked and roasted seeds responded with a slightly increased 
glycemic response [29, 29].
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2.4 Squalene content

Squalene is a unique triterpene compound that has a biological and pharmaco-
logical importance. Although squalene is an intermediate product in the cholesterol 
biosynthesis process [30], earlier work has predicted that daily consumption can 
decrease cholesterol levels [31]. It can inhibit chemically induced breast and colon 
cancer [32]. There are also evidences of a lower frequency of heart diseases in the 
Mediterranean region [33], as people in this region consume more olive oil, which 
is rich in squalene [34]; thus it is believed that squalene consumption in the diet has 
a positive impact on human health. It originates partly from cholesterol synthesis 
process and partly from dietary sources such as plant oils or shark liver. Among 
the different types of plant oils, oil extracted from olive and amaranth has a higher 
concentration of squalene [34, 35]. Especially, grain amaranths have been sug-
gested as an alternative natural source of squalene. The chemical content in five 
different accessions of A. cruentus was reported in the range of 2.26–5.67% [36]. 
Furthermore, in other domesticated species, [37] reported 3.6% in A. hypochondria-
cus and 6.1% in A. tricolor.

2.5 Gluten-free grain

Amaranthus is a gluten-free grain [38], and hence it is a suitable diet for a person 
with celiac disease (CD) [39, 40]. CD is an autoimmune condition or inflammatory 
disease, which affects the small intestine triggered by the gluten protein [41, 42] 
and can lead to weight loss, fatigue, malabsorption, abdominal pain, vomiting, 
and diarrhea [43]. The main sources of gluten protein are wheat, barley, and rye 
[42]. CD patients must follow a strict gluten-free diet, and this can potentially 
lead to nutrient deficiency [43]. Generally, gluten-free products are made with 
refined flours and starch and require specific packaging material and frequent 
use of chemical preservatives [44, 45]. This makes a challenge for both producer 
and consumer. One of the biggest challenges for food technologist is to enrich 
the nutritional value of gluten-free products with balanced dietary fibers and 
proteins [44, 46]. Hence, amaranths can be an alternative to address the challenge. 
In fact, amaranth has become one of the greatest supplements in gluten-free food 
commodities to enhance nutritional values [47]. Amaranth contains similar mac-
ronutrients as wheat and 2–3 times higher than other gluten free crops [42]. Seed 
protein of amaranth is greater than cereals and legumes [22]. Besides, amaranth has 
higher lysine and starch than in other cereals [40]. Monosaccharide composition 
of dietary fiber present in amaranth is well known [48, 24], and amaranth could 
serve as a significant source of dietary fiber [48]. Moreover, amaranth has higher 
fiber and mineral content than other gluten-free grains [21]. In today’s context, 
amaranth is one of the few gluten-free pseudo-cereals that has been used in a wide 
variety of gluten-free food commodities. Amaranth is usually combined with other 
gluten-free cereals such as rice, corn, and cassava in a variety of food products. For 
example, blending of amaranth with other flours such as cassava [46] and rice [47] 
in pasta formulation and rice and maize in bakery items [49, 42] has been intro-
duced to enhance the nutritional value of the pasta and bakery items [46]. Because 
of its higher nutritional profile, genetic diversity, and high adaptability, amaranth 
can be considered as an excellent supplement to produce gluten-free food products.

One of the most common and costly problems affecting bakery products is 
fungal contamination. Rizzello et al. [45] reported that the use of amaranth in 
bakery products can enhance antifungal activity in bread. Amaranth seeds contain 
some antifungal peptides, which can show a defensive response toward pathogenic 
fungi [50]. It is noteworthy to mention that amaranth is rich in betalain pigment, 
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which has also been shown to exhibit antimicrobial activities. Thus, betalain is a 
high demand in the food coloring industry. These pigments with a strong hue not 
only color the food products but also provide strong antimicrobial response. Thus, 
amaranth can be an excellent natural additive in the food industry.

2.6 Antioxidant properties of amaranth

To date, 75 different betalains have been reported from 17 of the 34 families in 
the Caryophyllales order [51]. Interestingly, no species outside Caryophyllales has 
been found to produce betalains naturally [52]. Most species in the Amaranthaceae 
have detectable betalains in organs including root, stem, leaves, and flowers. The 
ecological functions of betalains are presumed to include attracting pollinators to 
flowers and possibly protect vegetative cells from stresses. There is a long-standing 
speculation that these pigments are involved in response to abiotic and biotic 
stresses, but evidence in support of this idea is scant.

Red beetroot (B. vulgaris) is the only commercial betalain source [52], although 
amaranths have also been proposed as commercial sources of betalains [53, 54]. These 
betalains have some limited use in food coloring and also have several reported health 
benefits [55]. Chemical and biological experiments have demonstrated the antioxidant 
capacity of betalains [56]. Cai et al. [53] showed that the betalains from Amaranthaceae 
were stronger antioxidants than ascorbic acid, rutin, and catechins. Betalains have 
also been reported to have anticancer properties [57]. As these chemicals scavenge free 
radicals, it is expected that they may help prevent cancer and cardiovascular disease 
[55]. Sreekanth et al. [58] showed that betalain induces dose- and time-dependent cell 
deaths of the human chronic myeloid leukemia cell line (K562). Moreover, betalain 
extract from A. spinosus has a significant antimalarial activity in mice [59]. Pigment 
extract from beetroot pomace also inhibited the growth of gram-negative bacteria  
[59, 60] and induced zones of reduced growth in Salmonella typhimurium and Bacillus 
cereus [61]. Thus, amaranth plant is enriched with both nutritional and nutraceutical 
properties and is a wholesome crop for the future generation.

3. Concluding remarks

Amaranth was a staple of the Aztec diet and is described now as a “superfood” 
in part because of its high protein content and balanced amino acid profile. It 
produces a large number of seeds loaded with high-quality protein components, 
squalene, lysine, and many other health benefitting nutritional and nutraceutical 
components. Amaranth grain is gluten-free, which makes it a desirable food crop 
for millions of peoples all over the world. This widely distributed and protein-rich 
pseudo-cereal has a potential to support food security. However, this crop is still not 
in the mainstream cultivation practices in North America and in many parts of the 
world. With the increasing understanding of molecular and biological information 
of this crop, there is a strong basis for amaranth to be considered for our future 
generation. As we are witnessing the massive increase in human population in the 
next few decades and global climate change, we strongly believe amaranth has a 
huge potential to support the global food system.

Conflict of interest

All authors have read and approved the manuscript for submission. There is no 
competing interest.



Nutritional Value of Amaranth

6

Author details

Dinesh Adhikary1*, Upama Khatri-Chhetri2 and Jan Slaski3

1 University of British Columbia, Kelowna, Canada

2 University of Alberta, Edmonton, Canada

3 InnoTech Alberta, Vegreville, Canada

*Address all correspondence to: dinesh.adhikary@ubc.ca

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



7

Amaranth: An Ancient and High-Quality Wholesome Crop
DOI: http://dx.doi.org/10.5772/intechopen.88093

References

[1] Sauer JD. The grain amaranths: 
A survey of their history and 
classification. Annals of the Missouri 
Botanical Garden. 1950;37:561-632

[2] Sauer JD. Revision of the dioecious 
amaranths. Madrono. 1955;13:5-46

[3] Mosyakin SL, Robertson KR. New 
infragenic taxa, and combinations in 
Amaranthus (Amaranthaceae). Annales 
Botanici Fennici. 1996;33:275-281

[4] Fritz GJ. New dates and data on early 
agriculture: The legacy of complex 
hunter-gatherers. Annals of the 
Missouri Botanical Garden. 1995;82:3-15

[5] Teng XL, Chen N, Xiao XG.  
Identification of a catalase-phenol 
oxidase in betalain biosynthesis in 
red Amaranth (Amaranthus cruentus). 
Frontiers in Plant Science. 2015;6:1228

[6] Huerta-ocampo JA, Barrera-pacheco 
A, Mendoza-herna CS, Espitia-rangel E, 
Mock H, Barba AP. Salt stress-induced 
alterations in the root proteome of 
Amaranthus cruentus L. Journal of 
Proteome Research. 2014;13:3607-3627

[7] Sauer JD. The grain amaranths and 
their relatives: A revised taxonomic 
and geographic survey. Annals of the 
Missouri Botanical Garden. 1967;54:103

[8] Noble AW, Nobel BL. Badaga funeral 
customs. Anthropos. 1965;60:262-272

[9] Konishi Y, Fumita Y, Ikeda K, 
Okuno K, Fuwa H. Isolation and 
characterization of globulin from 
seeds of Amaranthus hypochondriacus 
L. Agricultural and Biological 
Chemistry. 1965;49:1453-1459

[10] Gorinstein S, Moshe R, Greene LJ, 
Paulo A. Evaluation of four Amaranthus 
species through protein electrophoretic 
patterns and their amino acid 
composition. Journal of Agricultural 
and Food Chemistry. 1991;39:851-854

[11] Barba de la Rosa AP, Gueguen J, 
Paredos-Lopez O, Viroben G.  
Fractionation procedures, 
electrophoretic characterization, and 
amino acid composition of amaranth 
seed proteins. Journal of Agricultural 
and Food Chemistry. 1992;40:931-936

[12] Leyva-Lopez NE, Vasco N, Barba de 
la Rosa AP, Paredes-Lopez O. Amaranth 
seed proteins: Effect of defatting on 
extraction yield and on electrophoretic 
patterns. Plant Foods for Human 
Nutrition. 1995;47:49-53

[13] Shewry PR, Pandya MJ. The 2S 
albumin storage proteins. In: Shewry 
PR, Casey R, editors. Dordrecht, 
The Netherlands: Kluwer Academic 
Publishers; 1999. pp. 563-586

[14] Fujiwara T, Nambara E, Yamagishi 
K, Goto DB, Naito S. Storage proteins. 
The Arabidopsis book. American Society 
of Plant Biologists. 2002. pp. 1-12

[15] Higgins TJV. Synthesis and 
regulation of major proteins in seeds. 
Annual Review in Plant Physiology. 
1984;35:191-221

[16] Gonzalez-Perez S, Arellano B. In: 
Phillips GO, Williams PA, editors. 
Handbook of Hydrocolloids. 2nd 
ed. Sawston, Cambridge: Woodhead 
Publishing in Food Science, Technology 
and Nutrition; 2009. pp. 0-27

[17] Youle RJ, Huang AHC. Albumin 
storage proteins in the protein bodies 
of Castor bean. Plant Physiology. 
1978;61:13-16

[18] Mylne JS, Hara-Nishimura I, 
Rosengren KJ. Seed storage albumins: 
Biosynthesis, trafficking and 
structures. Functional Plant Biology. 
2014;41:671-677

[19] Quiroga AV, Martınez EN, Anon 
MC. Amaranth globulin polypeptide 



Nutritional Value of Amaranth

8

heterogeneity. The Protein Journal. 
2007;26:327

[20] Takaiwa F, Kikuchi S, Oono K.  
The structure of rice storage protein 
glutelin precursor deduced from 
cDNA. Federation of European 
Biochemical Societies. 1986;206:33-35

[21] Pedersen B, Hallgren L, Hansen I,  
Eggum BO. The nutritive value of 
amaranth grain (Amaranthus caudatus). 
Plant Foods for Human Nutrition. 
1987;36:325-334

[22] Segura-Nieto M, Vazquez-Sanchez 
N, Rubio-Velazquez H, Olguin-Martinez 
LE, Rodriguez-Nester CE, Herrera-
Estrella L. Characterization of amaranth 
(Amaranthus hypochondriacus L.) seed 
proteins. Journal of Agricultural and 
Food Chemistry. 1992;40:1553-1558

[23] Costea M, DeMason D. Stem 
morphology and anatomy in 
Amaranthus L. (Amaranthaceae), 
taxonomic significance. The Journal 
of the Torrey Botanical Society. 
2001;128:254-281

[24] Adhikary D. Morphological 
Studies in the Amaranthus hybridus 
Species Complex (Amaranthaceae: 
Caryophyllales)2013. p. 109

[25] Coons MP. Relationships of 
Amaranthus caudatus. Economic Botany. 
1982;36:129-146

[26] Park YJ, Nemoto K, Nishikawa T, 
Matsushima K, Minami M, Kawase M.  
Waxy strains of three amaranth grains 
raised by different mutations in the 
coding region. Molecular Breeding. 
2010;25:623-635

[27] Okuno K, Sakaguchi S. Inheritance 
of starch characteristics in perisperm of 
Amaranthus hypochondriacus. Journal of 
Heredity. 1982;73:467-467

[28] Venskutonis PR, Kraujalis P.  
Nutritional components of amaranth 

seeds and vegetables: A review on 
composition, properties, and uses: 
Nutritional components of amaranth 
seeds and vegetable. Comprehensive 
Reviews in Food Science and Food 
Safety. 2013;12:381-412

[29] Capriles VD, Almeida EL,  
Ferreira RE, Arêas JAG, Steel CJ,  
Chang YK. Physical and sensory 
properties of regular and reduced-fat 
pound cakes with added amaranth flour. 
Cereal Chemistry. 2008;85:614-618

[30] Popa O, Elena N, Popa I, Nit S, 
Dinu-pârvu CE. Methods for obtaining 
and determination of squalene from 
natural sources. BioMed Research 
International. 2015;2015:1-16

[31] Chan P, Tomlinson B, Lee CB,  
Lee YS. Effectiveness and safety of low-
dose pravastatin and squalene, alone 
and in combination, in elderly patients 
with hypercholesterolemia. Journal of 
Clinical Pharmacology. 1996;36:422-427

[32] Trichopoulou A, Katsouyanni K, 
Stuver S, Tzala L, Gnardellis C, Rimm E,  
et al. Consumption of olive oil and 
specific food groups in relation to 
breast cancer risk in Greece. Journal 
of the National Cancer Institute. 
1995;87:110-116

[33] Keys A. Mediterranean diet and 
public health: Personal reflections. 
American Journal of Clinical Nutrition. 
1995;61:1321-1323

[34] Owen RW, Mier W, Giacosa A,  
Hull WE, Spiegelhalder B, Bartsch H.  
Phenolic compounds and squalene 
in olive oils: The concentration and 
antioxidant potential of total phenols, 
simple phenols, secoiridoids, lignans 
and squalene. Food and Chemical 
Toxicology. 2000;38:647-659

[35] León-Camacho M, García-
González DL, Aparicio R. A detailed 
and comprehensive study of amaranth 
(Amaranthus cruentus L.) oil fatty 



9

Amaranth: An Ancient and High-Quality Wholesome Crop
DOI: http://dx.doi.org/10.5772/intechopen.88093

profile. European Food Research and 
Technology. 2014;213:349-355

[36] Berganza BE, Moran AW,  
Rodríguez MG, Coto NM, Santamaría 
M, Bressani R. Effect of variety and 
location on the total fat, fatty acids 
and squalene content of amaranth. 
Plant Foods for Human Nutrition. 
2003;58:1-6

[37] He HP, Corke H. Oil and squalene 
in amaranthus grain and leaf. Journal 
of Agricultural and Food Chemistry. 
2003;51:7913-7920

[38] Peter K, Gandhi P. Rediscovering 
the therapeutic potential of Amaranthus 
species: A review. Egyptian Journal 
of Basic and Applied Sciences. 
2017;4:196-205

[39] Jimoh MO, Afolayan AJ, Lewu FB.  
Suitability of Amaranthus species for 
alleviating human dietary deficiencies. 
South African Journal of Botany. 
2018;115:65-73

[40] Repo-Carrasco-Valencia R, 
Hellström JK, Pihlava J-M, Mattila PH.  
Flavonoids and other phenolic 
compounds in Andean indigenous 
grains: Quinoa (Chenopodium quinoa), 
kañiwa (Chenopodium pallidicaule) and 
kiwicha (Amaranthus caudatus). Food 
Chemistry. 2010;120:128-133

[41] Fasano A, Catassi C. Current 
approaches to diagnosis and treatment 
of celiac disease: An evolving spectrum. 
Gastroenterology. 2001;120:636-651

[42] De La Barca AMC, Rojas-Martínez 
ME, Islas-Rubio AR, Cabrera-Chávez F.  
Gluten-free breads and cookies of 
raw and popped amaranth flours with 
attractive technological and nutritional 
qualities. Plant Foods for Human 
Nutrition. 2010;65:241-246

[43] Shewry PR, Hey SJ. Do we need to 
worry about eating wheat? Nutrition 
Bulletin. 2016;41:6-13

[44] Gallagher E, Kunkel A, Gormley 
TR, Arendt EK. The effect of dairy 
and rice powder addition on loaf and 
crumb characteristics, and on shelf 
life (intermediate and long-term) of 
gluten-free breads stored in a modified 
atmosphere. European Food Research 
and Technology. 2003;218:44-48

[45] Rizzello CG, Coda R, De Angelis M, 
Di Cagno R, Carnevali P, Gobbetti M.  
Long-term fungal inhibitory activity of 
water-soluble extract from Amaranthus 
spp. seeds during storage of gluten-free 
and wheat flour breads. International 
Journal of Food Microbiology. 
2009;131:189-196

[46] Fiorda FA, Soares MS, da Silva FA, 
Grosmann MVE, Souto LRF. 
Microstructure, texture and colour of 
gluten-free pasta made with amaranth 
flour, cassava starch and cassava 
bagasse. Food Science and Technology. 
2013;54:132-138

[47] Cabrera-Chávez F, Calderón de la 
Barca AM, Islas-Rubio AR, Marti A, 
Marengo M, Pagani MA, et al. Molecular 
rearrangements in extrusion processes 
for the production of amaranth-
enriched, gluten-free rice pasta. 
LWT-Food Science and Technology. 
2012;47:421-426

[48] Kurek MA, Karp S, Wyrwisz J, 
Niu Y. Physicochemical properties of 
dietary fibers extracted from gluten-
free sources: Quinoa (Chenopodium 
quinoa), amaranth (Amaranthus 
caudatus) and millet (Panicum 
miliaceum). Food Hydrocolloids. 
2018;85:321-330

[49] Salcedo-Chávez B, Osuna-Castro 
JA, Guevara-Lara F, Domínguez-
Domínguez J, Paredes-López O. 
Optimization of the isoelectric 
precipitation method to obtain 
protein isolates from amaranth 
(Amaranthus cruentus) seeds. Journal 
of Agricultural and Food Chemistry. 
2002;50:6515-6520



Nutritional Value of Amaranth

10

[50] Lyapkova NS, Loskutova NA, 
Maisuryan AN, Mazin VV, Korableva 
NP, Platonova TA, et al. Transformed 
potato plants carrying the gene of 
the antifungal peptide of Amaranthus 
caudatus. Applied Biochemistry and 
Microbiology. 2001;37:349-354

[51] Khan MI, Giridhar P. Plant 
betalains: Chemistry and biochemistry. 
Phytochemistry. 2015;117:267-295

[52] Strack D, Vogt T, Schliemann W.  
Recent advances in betalain research. 
Phytochemistry. 2003;62:247-269

[53] Cai Y, Sun M, Corke H. Antioxidant 
activity of betalains from plants of the 
Amaranthaceae. Journal of Agricultural 
and Food Chemistry. 2003;51:2288-2294

[54] Cai Y-Z, Sun M, Corke H.  
Characterization and application of 
betalain pigments from plants of the 
Amaranthaceae. Trends in Food Science 
& Technology. 2005;16:370-376

[55] Gengatharan A, Dykes GA, Choo 
WS. Betalains: Natural plant pigments 
with potential application in functional 
foods. LWT-Food Science and 
Technology. 2015;64:645-649

[56] Borkowski T, Szymusiak H, 
Gliszczyńska-Rwigło A, Rietjens IMCM, 
Tyrakowska B. Radical scavenging 
capacity of wine anthocyanins is 
strongly pH-dependent. Journal of 
Agricultural and Food Chemistry. 
2005;53:5526-5534

[57] Esatbeyoglu T, Wagner AE, 
Motafakkerazad R, Nakajima Y, 
Matsugo S, Rimbach G. Free radical 
scavenging and antioxidant activity 
of betanin: Electron spin resonance 
spectroscopy studies and studies in 
cultured cells. Food and Chemical 
Toxicology: An International Journal 
Published for the British Industrial 
Biological Research Association. 
2014;73:119-126

[58] Sreekanth D, Arunasree MK,  
Roy KR, Chandramohan Reddy T,  
Reddy GV, Reddanna P. Betanin a 
betacyanin pigment purified from 
fruits of Opuntia ficus indica induces 
apoptosis in human chronic myeloid 
leukemia cell line-K562. Phytomedicine. 
2007;14:739-746

[59] Hilou A, Nacoulma OG,  
Guiguemde TR. In vivo antimalarial 
activities of extracts from Amaranthus 
spinosus L. and Boerhaavia erecta L. in 
mice. Journal of Ethnopharmacology. 
2006;103:236-240

[60] Čanadanović-Brunet JM, 
Savatović SS, Gordana S. Antioxidant 
and antimicrobial activities of beet 
root pomace extracts. Science. 
2011;29:575-585

[61] Velićanski AS, Cvetković DD, 
Markov SL, Vulić JJ, Djilas SM.  
Antibacterial activity of Beta vulgaris L.  
pomace extract. Acta Periodica 
Technologica. 2011;42:263-269


