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Introduction
Amaranthus viridis (AV) belongs to Amaranthaceous family. 

AV is commonly known as green amaranth or karund, is a common 
gene, found in many parts of the world. Greek people called it as 
“never fading flower”. In many parts of the world, Amaranthus has 
been rediscovered as leafy vegetables, cereals etc. [1,2]. It is charac-
terized by a high degree of diversity and a wide spectrum of adapt-
ability to different agroecological conditions [3]. Being very cheap 
and widely distributed Amaranth vegetable is very popular in rural 
areas because it is very nutritious and provides essential nutrition 
to them and also prevention of diseases associated with nutritional 
deficiencies, such as blindness due to vitamin A deficiency [4]. Am-
aranthus has received considerable attention in many countries be-
cause of the high nutritional value of some species [5]. The protein 
of AV includes albumins, globulins, prolamines and glutelins; are 
of good digestibility nature [6,7]. Amaranthus species have differ-
ent centers of domestication and origin, being widely distributed in 
North America, Central America and South American Andes, where 
the greatest genetic diversity is found [8,9]. It is estimated that 
there are 87 species of Amaranthus, 17 in Europe, 14 in Australia 
and 56 in America [10].

Proteins of amaranth have better balanced amino acid com-
position and thus higher biological values than those of most cere 

 
als. They can safely be consumed by people suffering from celiac 
disease and more sustainable than those from animal sources [11-
14]. There is currently much interest in the use of pseudo cereals 
for developing nutritious food products. They contain high levels 
of starch, protein, dietary fibers, minerals, vitamins and other bio-
active. Their proteins have well balanced amino acid composition. 
Pseudo cereal protein mainly consists of albumins and globulins, 
the predominant cereal proteins are prolamins and glutelin’s [15]. 
Amaranthus is classified as pseudo cereals which in turn good food 
crop too because it has exceptionally good nutritive values owing 
to its protein, lipids and essential amino acids like lysine contents 
[16]. Understanding of the function of biological systems requires 
knowledge of their chemical composition. The state of life of a cell 
at any given time is defined by its protein composition, i.e. its pro-
teome. 

That is why it is necessary to have a rapid and an efficient tool 
for characterization to the proteome [17]. There are several ways of 
protein identification, however majority of them are very time-con-
suming procedures. Separation techniques became important tools 
for proteins and proteome analysis [18]. These methods have been 
successfully applied for the identification of proteins in numerous 
biological system [19,20]. The principal energy sources within the 
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grains are protected from infestation by outer coverings. The larg-
est morphological component of all grains is the endosperm and 
approximately 80% of this is starch. Other important compound 
classes are the storage proteins, which makes the next largest con-
tribution to endosperm dry weight. Proteins are important both as 
nutrients and as active chemicals [17]. 

There are four categories of proteins occurring in seeds:

a.	 Albumins- soluble in water and comprise mostly enzy-
matic proteins.

b.	 Globulins- soluble in dilute salt solutions and occur in 
protein bodies.

c.	 Prolamins- soluble in aqueous ethanol solution and are 
also found in protein bodies as true storage proteins.

d.	 Glutelin’s- soluble in alkaline or acid solutions or in de-
tergents and are probably mainly structural proteins. Thus, the 
purpose of this study was to determine the amounts of albu-
mins, globulins, prolamins and glutelin present in the proteins 
of AV grains.

Materials & Methods
Protein Extraction 

The seeds of AV were collected and grounded for flour. The de-
fatted flour was separated by centrifugation and then air dried for 
2 days at room temperature and finally stored at 4° C until used. 
Total protein was estimated according to the Lowry’s method [21]. 
Sequential extraction was performed according to the method of 
Sammour [22] with minor modifications. Amaranthus flour (1g) 
was extracted consecutively in four different solvents. First, the 
flour sample was extracted with distilled water (10ml, w/v). The 
suspension was stirred at room temperature for 20 minutes and 
then centrifuged at 8,000 rpm for 20 minutes. The supernatant was 
used as the extract 1 (Albumin fraction). The remaining insoluble 
sample was mixed with aqueous 5% (w/v) NaCl (10ml) solution, 
with the repetition of extraction procedure and the extract 2 was 
collected as globulin fraction. Subsequently extractions were fol-
lowed with aqueous 70% (v/v) ethanol and aqueous 0.2% NaOH 
solution, the extract 3 as prolamin fraction and the extract 4 as glu-
telin fraction were obtained. 

Sodium Dodecyl Sulfate Polyacrylamide Gel Electropho-
resis (SDS-PAGE]

All gels were run in minilabs; (Bangalore Genie Vertical mini 
gel system). SDS-PAGE was carried out according to the method of 
Laemmle [23]. The runs were carried out in the following discon-
tinuous buffer system: 0.5 M Tris-HCl pH 6.8 (4x stacking gel buff-
er), 1.5 M Tris-HCl at pH 8.8 (4x separating or resolving gel buffer) 
and 0.025 M Tris-HCl, 0.192 M glycine/1% (w/v) SDS, pH 8.3 for the 
running buffer. The protein samples (100 μl) were dissolved in the 
100 μl of loading buffer (0.5 M Tris-HCl pH 6.8, 20% (v/v) glycerol, 
1% (w/v) SDS/0.05 % (w/v) bromophenol blue and centrifuged at 
5,000 rpm for 5 minutes: 25-30 μl/lane supernatants were loaded 
in the gel. The electrophoretic runs were conducted for about 3-4 
hours at a constant voltage of 80 V. The gels were stained with 0.5% 

R-250 Coomassie Brilliant Blue in water/methanol/acetic acid 
(4:5:1) for overnight and detained with water: methanol: acetic 
acid (9:9:1). The molecular weights of polypeptides were calculat-
ed by using the protein standard molecular marker.

Results & Discussion
Amaranth seeds flour was successively extracted with distilled 

water (albumin), NaCl (glutelin), ethanol (prolamin) and an alka-
line solution (glutelin). The concentration of proteins extract was 
determined by the method of Lowry et al. [21]. According to the 
results, the amount of total protein was 14.9% of seed flour and the 
content of albumin, globulin, prolamin and glutelin were 3.61, 3.56, 
0.64 and 6.62 g 100g-1seed flour respectively. The content of glute-
lin was highest in comparison to all the protein fractions and it was 
approximately 10 folds higher than prolamin, which was lowest in 
total protein. In SDS-PAGE, the amaranth seed flour protein extract-
ed with distilled water (albumin), showed the dominant bands of 
low molecular weight of <32KDa (Figure 1 Lane 1) and some com-
ponents of intermediate molecular mass between 43-70KDa in 
agreement with our previous studies [5,7]. In globulins (Figure 1 
Lane 2) the lane includes some intermediate components of low 
molecular mass of below 29±1 KDa and a band of 54±1 KDa along 
with a high molecular mass 70 and 80 KDa and indicated the pos-
sibility of the presence of different units of globulin. In prolamins 
(Figure 1 Lane 3) the most dominant band was about 54±1 KDa and 
the precipitation of a secondary band of higher molecular mass of 
about 85 KDa. The distribution of polypeptides of glutelin (Figure 1 
Lane 4) showed like that of combination of globulin and prolamin.

Figure 1.

Conclusion
Storage proteins accounts for about 50% of the total protein 

in mature cereal grains and have important impact on their nu-
tritional quality for humans and livestock and on their functional 
properties in food processing [24]. The storage proteins of grains 
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are of immense importance in determining the quality and end use 
properties of the grain. Understanding the structures of these pro-
teins is important to improve the quality of grains. Though plant 
has been extensively studied for its nutritional properties, but more 
experimental and clinical trials are warranted. 

References
1.	 Brenner DM, Baltensperger DD, Kulakow PA, Lehmann JW, Myers RL, 

et al. (2000) Genetic resources and breeding of Amaranthus. In: Janick 
J(ed). Plant breeding reviews 19 Wiley, USA, pp. 227-285.

2.	 Stallknecht GF, Schulz-Schaeffer JR (1993) Amaranth Rediscovered New 
Crops Wiley, New York, USA.

3.	 Snezana DM, Marija K, Danijela R, Milena S, Lidija S (2012) Assessment 
of genetic relatedness of the two Amaranthus retroflex us populations 
by protein and random amplified polymorphic DNA (RAPD) markers 29: 
7331-7337.

4.	 Varalakshmi B (2011) Characterization and preliminary evaluation of 
vegetable amaranth (Amaranthus species) germplasm. Biodiversity 
International-FAO, Rome, Italy. 

5.	 Srivastava R (2011) Nutritional quality of some cultivated and wild 
species of amaranthus. Inter J of Pharmaceutical Sciences and Research 
2(12): 3152.

6.	 Tomokozi SL, Gyenge L, Pelceder A, Varga J, Abonyi T, et al. (2008) 
Functional properties of protein preparations from Amaranth seeds in 
model system. Food Res Technol 226(6): 1343-1348.

7.	 Srivastava R, Roy BK (2013) Proteomic analysis of different extracts from 
amaranth (A. tricolor) grains. Asian J of Parma and Clinical Research 
6(3) pp. 37-39.

8.	 Sun M, Chen H, Leung FC (1999) Low-Cot DNA sequences for 
fingerprinting analysis of germplasm diversity and relationships in 
Amaranthus. Theoretical and Applied Genetics 99(3-4): 464-472.

9.	 Xu F, Sun M (2001) Comparative analysis of phylogenetic relationships 
of grain amaranths and their wild relatives (Amaranthus; 
Amaranthaceous) using internal transcribed spacer amplified fragment 
length polymorphism and double-primer fluorescent intrasample 
sequence repeat markers. Molecular Phylogenetics and Evolution 21(3): 
372-387. 

10.	Mujica A, Jacobsen SE (2003) The genetic resources of Andean grain 
amaranths (Amaranthus caudatus LA. cruentus Land A hypochondriacs) 
in America. Plant Genetic Resources Newsletter 133: 41-44.

11.	Venskutonis PR, Kraujalis P (2013) Nutritional components of amaranth 
seeds and vegetables a review on composition properties and uses. 
Compr Rev Food Sci F 12(4): 381-412.

12.	Mota C, Santos M, Mauro R, Samman N, Matos AS, et al. (2016) Protein 
content and amino acids profile of pseudocereals. Food Chem 193 (15): 
55-61.

13.	Pimentel D, Pimentel M (2003) Sustainability of meat-based and plant-
based diets and the environment. Am J Clin Nutr 78(3): 660-663.

14.	Alemayehu FR, Bendevis MA, Jacobsen SE (2015) The potential for 
utilizing the seed crop amaranth (Amaranthus spp.) in East Africa as an 
alternative crop to support food security and climate change mitigation. 
J Argon Crop Sci 201(5): 321-329.

15.	Janssen F, Pauly A, Rombouts I, Jansens KJA, Deleu LJ, et al. (2017) 
Proteins of Amaranth (Amaranthus spp), Buckwheat (Fagopyrum 
spp), and Quinoa (Chenopodium spp). A food science and technology 
perspective 16: 39-58.

16.	Teutonics RA, Knorr D (1985) Amaranth: composition, properties, and 
applications of a rediscovered food crop. Food Tech 39(4): 49-61.

17.	Chmelik J, Rehulka P, Strelcova M, Kuban V, Mayrhofer C, et al. (2002) 
Proteomic analysis of different extracts from barley grains. Rostlinna 
Vyroba 48(6): 261-264.

18.	Aebersold R, Goodlett DR (2001) Mass spectrometry in proteomics. 
Chemical Reviews 101(2): 269-296.

19.	Cordwell SJ, Nouwens AS, Walsh BJ (2001) Comparative proteomics of 
bacterial pathogens. Proteomics 1(4): 461-472.

20.	Mann M, Hendrickson RC, Pandey A (2001) Analysis of proteins and 
proteomes by mass spectrometry. Ann Rev Biochem 70: 437-473.

21.	Lowry OH, Ronserough NJ, Farr AL, Randell RJ (1951) Protein 
measurement with the folin reagent. J Biol Chem 193: 265-275.

22.	Sammour RH (1999) Proteins of linseed (Linum usitatissimum L.) 
extraction and characterization by electrophoresis Bot. Bull Acad 40: 
121-126.

23.	Laemmli UK (1970) Cleavage of structural proteins during the assembly 
of the head of bacteriophage T4. Nature 227: 680-685.

24.	Shewry PR, Halford NG (2002) Cereal seed storage proteins: structures, 
properties and role in grain utilization. Exp Botany 53(370): 947-958.

Submission Link: https://biomedres.us/submit-manuscript.php
Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

https://www.ajol.info/index.php/ajb/article/view/102336
https://www.ajol.info/index.php/ajb/article/view/102336
https://www.ajol.info/index.php/ajb/article/view/102336
https://www.ajol.info/index.php/ajb/article/view/102336
http://ijpsr.com/
http://ijpsr.com/
http://ijpsr.com/
https://link.springer.com/article/10.1007/s00217-007-0663-3
https://link.springer.com/article/10.1007/s00217-007-0663-3
https://link.springer.com/article/10.1007/s00217-007-0663-3
https://link.springer.com/article/10.1007/s001220051258
https://link.springer.com/article/10.1007/s001220051258
https://link.springer.com/article/10.1007/s001220051258
https://www.sciencedirect.com/science/article/pii/S1055790301910164
https://www.sciencedirect.com/science/article/pii/S1055790301910164
https://www.sciencedirect.com/science/article/pii/S1055790301910164
https://www.sciencedirect.com/science/article/pii/S1055790301910164
https://www.sciencedirect.com/science/article/pii/S1055790301910164
https://www.sciencedirect.com/science/article/pii/S1055790301910164
https://onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12021
https://onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12021
https://onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12021
https://www.ncbi.nlm.nih.gov/pubmed/26433287
https://www.ncbi.nlm.nih.gov/pubmed/26433287
https://www.ncbi.nlm.nih.gov/pubmed/26433287
https://www.ncbi.nlm.nih.gov/pubmed/12936963
https://www.ncbi.nlm.nih.gov/pubmed/12936963
https://onlinelibrary.wiley.com/doi/abs/10.1111/jac.12108
https://onlinelibrary.wiley.com/doi/abs/10.1111/jac.12108
https://onlinelibrary.wiley.com/doi/abs/10.1111/jac.12108
https://onlinelibrary.wiley.com/doi/abs/10.1111/jac.12108
https://onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12240
https://onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12240
https://onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12240
https://onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12240
http://agris.fao.org/agris-search/search.do?recordID=US8635175
http://agris.fao.org/agris-search/search.do?recordID=US8635175
https://www.agriculturejournals.cz/publicFiles/53008.pdf
https://www.agriculturejournals.cz/publicFiles/53008.pdf
https://www.agriculturejournals.cz/publicFiles/53008.pdf
https://pubs.acs.org/doi/abs/10.1021/cr990076h
https://pubs.acs.org/doi/abs/10.1021/cr990076h
https://www.ncbi.nlm.nih.gov/pubmed/11681200
https://www.ncbi.nlm.nih.gov/pubmed/11681200
https://www.ncbi.nlm.nih.gov/pubmed/11395414
https://www.ncbi.nlm.nih.gov/pubmed/11395414
http://www.jbc.org/content/193/1/265.full.pdf
http://www.jbc.org/content/193/1/265.full.pdf
https://ejournal.sinica.edu.tw/bbas/content/1999/2/bot402-03.pdf
https://ejournal.sinica.edu.tw/bbas/content/1999/2/bot402-03.pdf
https://ejournal.sinica.edu.tw/bbas/content/1999/2/bot402-03.pdf
https://www.nature.com/articles/227680a0
https://www.nature.com/articles/227680a0
https://www.ncbi.nlm.nih.gov/pubmed/11912237
https://www.ncbi.nlm.nih.gov/pubmed/11912237
https://biomedres.us/submit-manuscript.php
https://biomedres.us/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials & Methods
	Protein Extraction 
	Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE]

	Results & Discussion
	References

