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4. Conclusion
The research ascertained that the most constant 
biochemical indicators in amaranth leaf biomass were the 
contents of dry matter (Сv 8.64%–21.32%) and protein 
(Сv 18.5%–24.8%). Principal component analysis showed 
that the amino acid content in amaranth leaf biomass 
has the closest interrelationship with the contents of 
ascorbic acid and dry matter. Also observed was a strong 
correlation between the said indicator and the fatty acid 
composition. No correlations were recorded between the 
pigment composition responsible for the color of above 
ground plant organs and the protein content. Leaf biomass 
of the tested plants was found to contain 18 free amino 
acids, including 8 essential ones. Amaranth accessions of 
the grain group were better balanced in their amino acid 
composition, and in total demonstrated the highest values. 
On the whole, amaranth species grown as leafy vegetables 

had lower values of most indicators, such as organic acids, 
phenolic compounds, pigment composition, fatty acids, 
ascorbic acid, and, in particular, the content of free amino 
acids. The accession from Bangladesh (pk-223) was an 
exception: it had the highest amino acid content among all 
tested accessions (477.25 mg/100 g).

Correlation analysis of the crop’s amino acid profile 
revealed the absence of any significant correlation of 
lysine and proline with other amino acids. In the group of 
vegetable amaranths, the amino acid profile had a strong 
positive interplay among most of the components, but was 
not balanced in its composition. 

From the viewpoint of the medicinal effect on the 
human organism due to a  high content of phenolics 
and lysine, the weedy amaranth species demonstrated 
considerable potential. Of special interest for further 
research is the accession of Amaranthus lividus L. from 

Figure 4. The accession of Amaranthus lividus L. (pk-31, India).
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Table 5. The correlation matrix of the amino acid profile in amaranth leaf biomass.
Grain forms

Ala Gly Ser Leu Pro Thr Asp Glu Asn Gln Tyr Trp Cys Lys Ile Met Phe

Val 0.72 0.76 0.68 0.85 0.43 0.95 0.52 0.86 0.69 0.48 0.87 0.49 0.36 –0.39 0.88 0.31 0.65

Ala 0.90* 0.38 0.83 0.64 0.81 –0.04 0.65 0.39 0.09 0.58 0.36 0.04 –0.22 0.62 –0.14 0.05

Gly 0.52 0.75 0.43 0.81 0.06 0.73 0.50 0.27 0.58 0.40 0.17 –0.23 0.59 –0.03 0.27

Ser 0.67 –0.25 0.69 0.56 0.75 0.43 0.64 0.49 0.66 0.37 –0.18 0.54 0.53 0.66

Leu 0.40 0.86 0.31 0.80 0.57 0.50 0.73 0.58 0.39 –0.37 0.68 0.24 0.29

Pro 0.45 –0.19 0.13 0.25 –0.26 0.47 –0.02 –0.17 –0.25 0.53 –0.23 –0.12

Thr 0.39 0.90 0.54 0.35 0.81 0.53 0.14 –0.32 0.86 0.23 0.51

Asp 0.48 0.53 0.53 0.55 0.24 0.42 –0.24 0.60 0.31 0.78

Glu 0.53 0.45 0.76 0.45 0.33 –0.31 0.71 0.22 0.54

Asn 0.73 0.70 0.28 0.58 –0.29 0.63 0.36 0.50

Gln 0.44 0.58 0.70 –0.13 0.27 0.73 0.45

Tyr 0.39 0.37 –0.20 0.82 0.20 0.63

Trp 0.31 0.26 0.34 0.63 0.28

Cys –0.14 0.18 0.41 0.32

Lys –0.36 0.01 –0.21

Ile 0.20 0.62

Met 0.38

Vegetable forms

Ala Gly Ser Leu Pro Thr Asp Glu Asn Gln Tyr Trp Cys Lys Ile Met Phe

Val 0.89 0.57 0.99 0.95 0.39 0.90 0.94 0.85 0.49 0.53 0.47 0.72 0.23 0.68 0.91 0.84 0.88

Ala 0.69 0.89 0.91 0.67 0.67 0.98 0.68 0.80 0.82 0.77 0.89 –0.02 0.65 0.88 0.54 0.81

Gly 0.59 0.62 0.31 0.71 0.33 0.68 0.75 0.70 0.65 0.01 0.53 0.58 0.34 0.49

Ser 0.95 0.41 0.90 0.94 0.84 0.50 0.55 0.48 0.76 0.23 0.65 0.92 0.82 0.88

Leu 0.38 0.85 0.94 0.78 0.55 0.60 0.61 0.81 0.12 0.56 0.99 0.68 0.81

Pro 0.07 0.61 0.14 0.84 0.85 0.71 0.71 0.07 0.57 0.35 0.08 0.35

Thr 0.76 0.90 0.16 0.19 0.12 0.50 0.31 0.37 0.83 0.85 0.80

Asp 0.73 0.73 0.77 0.69 0.86 0.06 0.68 0.92 0.64 0.83

Glu 0.17 0.18 0.13 0.44 0.35 0.33 0.75 0.84 0.95

Asn 0.97 0.89 0.81 –0.29 0.55 0.54 0.06 0.38

Gln 0.94 0.86 –0.22 0.61 0.59 0.09 0.41

Tyr 0.84 –0.26 0.54 0.62 0.01 0.36

Trp 0.01 0.51 0.81 0.30 0.60

Cys 0.10 0.09 0.46 0.28

Lys 0.53 0.57 0.50

Ile 0.63 0.78

Met 0.79
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India (pk-31), the leader in the content of ascorbic 
acid (90.2  mg/100  g), sugars, organic acids, phenolic 
compounds, and fatty acids, with a capability to accumulate 
up to 90.53 mg/100 g of lysine as well as sizable amounts 
of tyrosine, tryptophan, and cystine. The research results 
make it possible to recommend, as sources of highly 
balanced amino acid composition in leaf biomass, the 

following amaranth species grown for grain: Amaranthus 
caudatus  L., Amaranthus cruentus  L., and Amaranthus 
hypochondriacus L. 
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Weedy forms

Ala Gly Ser Leu Pro Thr Asp Glu Asn Gln Tyr Trp Cys Lys Ile Met Phe

Val 0.66 0.63 0.69 0.94 0.04 0.88 0.62 0.54 0.85 0.81 0.30 0.64 0.18 0.11 0.92 0.22 0.29
Ala 0.81 0.80 0.80 0.19 0.58 0.20 0.61 0.38 0.31 –0.13 0.03 –0.26 –0.32 0.58 –0.10 0.00
Gly 0.84 0.72 –0.18 0.67 0.18 0.42 0.35 0.21 0.22 0.21 0.07 0.04 0.53 0.24 0.32
Ser 0.75 –0.12 0.65 0.40 0.58 0.55 0.51 0.13 0.30 0.23 –0.05 0.73 0.18 0.08
Leu –0.06 0.81 0.43 0.45 0.72 0.64 0.15 0.45 –0.01 –0.06 0.87 0.06 0.15
Pro 0.11 0.02 0.63 0.00 0.15 –0.06 0.04 –0.28 –0.05 –0.13 0.02 0.14
Thr 0.48 0.63 0.66 0.69 0.64 0.81 0.36 0.47 0.74 0.61 0.60
Asp 0.46 0.73 0.86 0.08 0.40 0.48 0.00 0.78 0.15 –0.02
Glu 0.38 0.57 0.21 0.39 0.20 0.10 0.48 0.34 0.35
Asn 0.91 0.14 0.55 0.15 –0.02 0.85 0.06 0.00
Gln 0.24 0.65 0.38 0.11 0.87 0.22 0.08
Tyr 0.87 0.67 0.97 0.15 0.96 0.85
Trp 0.64 0.79 0.53 0.79 0.69
Cys 0.70 0.32 0.74 0.48
Lys –0.02 0.95 0.83
Ile 0.11 0.04
Met 0.83

*Highlighted in bold are correlation coefficients 0.9–1.0 (strong degree)

Table 5. (Continued).
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