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Abstract

This study aimed to determine the variability properties of four major types of Amaranthus species in
protein and amino acids content in leaves and flowers. Obtained results by ion exchange chromatography in
our study have shown high values for the content of essential amino acids lysine and methionine. In the leaf,
the lysine content ranged from 3.9 (4. caudatus) to 7.0 (A. cruentus; A. moleros), and in the flowers from 4.2
(A. candatus) to 6.7 (A. molleros). The methionine content ranged from 3.1 (A. caudatus) to 7.4 (A4
mantegazzianus) in the leaf and in the flower from 2.9 (4. candatus) to 6.7 (A. mantegazzianus). Besides lysine
and methionine, significant values of other essential amino acids were recorded, respectively. Significant
concentrations of total proteins were recorded in all examined genotypes. The heritability of the studied
characters as protein and mineral content of seeds and leaves, and oil contents of seed were significantly high.
The maximum values of the protein content of seeds were 16.55% (4. cruentus), in leaves 20.10% (A4. caudatus),
and the minerals in seeds 2.73% (A. moleros), and leaves 18.76% (A. mantegazzianus). The oil content of seeds
was 6.16% (A. moleros). The oil content of the seed’s proportion of genetic variance to total phenotypic variance
was 72%, and it has a significant impact on ecological factors. Tested divergent Amaranthus genotypes may
serve as parents for further crossing. Amaranth seeds is gluten-free and is important in the diet of celiac patients
and contains amino acids, especially lysine, which acts against the herpes virus. Amaranth from amaranth leaves
biologically active substance that prevents heart muscle damage during ischemic processes. Amaranth seed oil

has hypolipemic, anti-atherosclerotic, hypotensive and antioxidant activity.
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Introduction

The Amaranthus genus has about 60 species, which has the potential for daily diet diversification and
alternative food for Celiac disease. Despite having been neglected over many years, Amaranths is promising
food crop, mainly due to their resistance to heat, drought, diseases, and pests. In addition, the nutritional value
of both the seeds and leaves is excellent. Concerning their high grain protein concentration, they are more
superior to corn and other major cereal foods. Amaranthus is significant in terms of protein content, and
protein digestibility varies from 76 to 87%, but studies have confirmed values around 85 %. There is a unique
opinion in the literature that the impact of technological processes on the quality of amaranth protein is small.
The content of essential amino acids in Amaranthus is about 47.65 g/100 g of protein (Delgado-Zamarrefio ez
al., 2004). Amaranth and soybean are similar sources protein, they have amino acids that can be compared to
egg white proteins, and in some cases, they are larger (Delgado-Zamarreno ez al., 2004; Popovi¢ ez al., 2013;
2016; 2019; 2020; 2021; Bozovi¢ er al., 2022; Zejak er al., 2022; Filipovi¢ et al., 2023). Amaranth is a
dicotyledonous C4 species that originates from Central and South America and is rarely grown as the specialty
crop in Europe. The genus Amaranthus has about 60 species which are wild forms, and only several species have
been cultivated. In developing countries of Central and South America, Asia, and Africa, amaranth leaves are
consumed in raw and/or processed form. Amaranths are divided into two groups: field crops and vegetable
crops. As the main vegetable crops appear in 4. tricolor L., A. graecizans L., and A. cruentus L., while A. cruentus
L., A. caudatus L., A. hybridus L., and A. mantegazzianus L. are used as grains (Grubben and Sloten, 1981).
According to Brenner e al. (2000), A. caundatus L., A. cruentus L., and A. hypochondriacus L., for their
exceptional nutritional value, are cultivating worldwide for seeds and leaves, lately. Chemical grain composition
varies within the Amaranthus species (Pesi¢ et al., 1997; Muchovd ez al., 2000). Amaranth grain contents range
are: crude protein 15.2-18.6%, crude fat 5.4-8.6%, crude fiber 3.5-4.2%, ash 2.7-3.2%, and carbohydrates
66.7-72.7%. High seed water contents involved stronger microbial infection and reduced germination
(Gimplinger ez al., 2007). Amaranthus species are widespread as ornamental and forage crops (Fasuyi ez al.,
2007; Fasuyi ez al., 2008), and red food colorants (Pasko ez al.,2011). Amaranthus species are preferred due to
the colorful history of the exotic crop (Myers, 1996; Pesi¢ ez al., 1997). There are just a few crops that can be
used safely in gluten-free diets among as amaranth, rice, maize, millet, buckwheat, quinoa, and legumes (Erbas
et al.,2005). That is important for individuals who suffer from Celiac disease also known as gluten intolerance.

Due to changes in crop profiles in world, everything is more current to look for new plants with a good
nutritional potential to combined with health benefits (Popovié ez a/., 2021; Kolari¢ ez al., 2021; Nozinié ez al.,
2022; Bozovi¢ et al., 2022; Petrovi¢ et al., 2022). Amaranth is a crop with a dual character, combining the
features of food and health-promoting product. This study aimed to determine the variability properties of
four major types of amaranth plants. This investigation has a contribution to planning for future activities
related to Amaranth, and above all what separate divergent genotypes which could serve as parents for further
crossing in breeding programs. In addition, the goal of the study was to estimate the initial selection material
(varieties and lines) of Amaranthus and to identify donors for high content of essential amino acids. This will

enable the successful continuation of the selection of these cultures.
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Materials and Methods

Experimental design

The field rescarch was carried out in Aleksinac in Serbia, on plots of an amaranth area of 10 m* in three
replications, during the vegetation period from years of 2017 and 2018. Ten genotypes of amaranth were tested,
that belong to species: A. molleros, A. caudatus, A. mantegazzianus, and A. cruentus (Stevanovi¢, 2022) (Figure

la-d).

(c) (d)
Figure 1. Amaranthus molleros, a., Amaranthus mantegazzianus, b., Amaranthus caudatus, c., Amaranthus

cruentus, d.

During the experiment, in both experimental years, standard cultivation technology was used. The plant
materials were taken for analysis at technological maturity. The seeds were separated from their shells/pod
having dried appropriately, milled with a blender, and stored in air-tight containers till their use for analysis.
Plant materials were analyzed by standard ICC (International Association for Cereal Science and Technology)
methods for crude protein content (ICC, 1996a) and ash content (ICC, 1996b). Protein content
determination involved the use of routine Kjeldahl nitrogen assay (Nx6.25). The oil content of the seeds (%)
was determined by extracting samples in a Soxhlet apparatus using any hydrous diethyl ether as the solvent. All
analyses were performed in three repetitions.

The amino acid profile of amaranth leaves was examined in 4 genotypes belonging to the following
species: A. cudatus L., A. cruentus L., A. mantegazzianus L., and A. molleros L. The composition of total proteins
of the leaf was determined, as well as the content of 18 essential amino acids in the protein hydrolysate (Mol%).
The amino acid analyses of Amaranthus leave were performed by ion exchange chromatography using an
automatic amino acid analyzer Biochrom 30+ (Biochrom, Cambridge, UK), according to Spackman ez al.
(1958). The technique was based on amino acid separation using strong cation exchange chromatography,
followed by the ninhydrin color reaction and photometric detection at 570 nm and 440 nm (for proline). The
procedure is the same as those described (Tomi¢i¢ ef a/., 2020). Samples of the oilseed by-products were
previously hydrolyzed in 6M HCI (Merck, Germany) at 110 °C for 24h, and then cooled to room temperature.
After hydrolysis, samples were filtered and made up to 25 mL in sodium citrate buffer (pH 2.2) (Biochrom,
Cambridge, UK). The results were expressed as g/100g on the dry matter basis of a sample.
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Statistical analysis

The mean value (¥), standard deviation (SD), and variation coefficient (CV, %) were taken as
indicators of the variability of searched characteristics, calculated by equations indicated in Table 1.

Table 1. Equations and formulas used in calculations

Sompl e EXi o Y (x—x) Coefficient of variance
ample mean vame x =—— Standard deviation S = || ———— S x 100
N N-1 Cv=—ro

X
Formula 1. Genetic variance (§*g) = (MS, - MS1) / b

Formula 2. Phenotypic variance (8°f )= &°g + &°p/b
MS,: Mean square of genotype;

&p: Variance of experimental error; b: Repetition
MS;: Mean square of experimental error.

Formula 3. 4 least significant difference (LSD-test) LSD-Se “t”
Formula 4. The coefficient of genetic (GCV)

SE - standard error of the treatment environment;

23172
aev=L8" 100
Se - (2MSe/b)"? t - tabulation X
value of the degrees of freedom for error.
Formula 5. Phenotypic (PCV) variance for all traits analyzed Formula 6. The coefficient heritability
208172 2
PCV:&JOO hzzafg-loo
< 5%t

The data on the technological and chemical properties of seeds and leaves were evaluated by analysis of
variance which was used for the random system (Tables 1 and 2) that was adopted by HadZivukovi¢ (1991).
Variance components were calculated by Formula 1 and Formula 2 to test the significance of differences
between mean values of the characteristics which were calculated by the least significant difference (LSD - test),
the significance threshold of 1% and 5% for levels of error according to the Formula 3. LSD - Se “t”; SE -
standard error of the treatment environment: Se - (2MSe/b) 1/2, t - tabulation value of the degrees of freedom
for error. The coefficient of genetic (GCV, Formula 4) and phenotypic variance (PCV, Formula 5) of all traits
was analyzed, and representing the degree of genetic relationship phenotypic variation was compared to the
average value of the traits. The percentage of genetic variability in the total phenotypic variability of the
analysed traits was determined based on heritability (h? Formula 6). The coefficient heritability can be used to
determine the probability of whether a particular form can provide the same or similar offspring.

Results and Discussion

Technological properties of Amaranth at present, the commercial interest in amaranth grain is restricted
to the health food market. To be economically competitive with other grain crops, amaranth requires high
grain yields and high-quality levels of the seed.

The protein content of amaranth seeds, PCS

The protein content of amaranth seed varied in the range of 14.88% (A. caudatus) to 16.55% (A.
cruentus). The coefficient of variation within the analyzed Amaranthus species ranged from 0.70% (A. molleros)
to 1.32% (A. mantegazzianus). The coefficient of variation between the studied species was 5.29% (Table 3,
Figure 2). Analysis of variance showed that the analyzed species are very significant differences in PCS (Table
3). The average percentage of PCS of A. cruentus is 17.8% and A. candatus 14.9% (Hadzivukovi¢, 1991).

4
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Table 2. Analysis of variance of the random system

Soufce.s of Degrees of Sum Middle square (MS)
variation freedom of squares
Replication (b-1) Qb MS; Qb / (b-1)
Genotype (g) (g1) Qg MS, Qg/(g1)
Error (b-1) (g-1) Qp MS, Qp/ [G(b-1) (g-1)]
In total btg- 1 Q

b - repetitions; g-years; Qb — sum of squares of replications; Qg — sum of squares of genotypes; Qp- sum of squares of
experimental error; MS; - middle square of experimental error; MS: - middle square of genotype; MS; — middle square
if replications; t — tabular value for degrees of freedom of error; G - years.

Table 3. Mean values (X ) coefficients of variation (CV) for protein, ash, and oil (%) content in seeds and
leaves of Amaranthus species

Protein content |Protein content of| Ash content of Ash content Qil content

Species of seeds leaves seeds of leaves of seed
X Cv(%)| x Cv (%) X | Cv(%) X Cv (%) X Cv (%)

A. molleros 14.89 026 | 1594 0.37 2.73 2.56 17.63 0.62 6.16 145
A. caudatus 14.88 0.70 20.10 0.92 2.32 8.18 16.34 2.14 5.76 3.56
A. mantegazzianus | 15.13 1.32 17.03 0.35 254 | 16.14 | 18.76 0.69 5.56 7.19
A. cruentus 16.55 0.68 18.06 0.47 2.39 10.46 18.26 0.82 6.05 3.38
SD 0.79 1.77 0.18 1.045 0.23
CV (%) 5.29 9.95 7.24 7.24 4.64
X - mean value; CV - coefficient of variation; SD - standard deviation.

= B A molleros B A. caudatus B A. mantegazzianus B A cruentus

o

Protein content of seed Protein content of leaves Ash content of seeds Ash content of leaves Oil content of seed

Figure 2. Protein content and ash content of seeds and leaves, and oil content of seed in Amaranthus species

The protein content of amaranth leaves, PCL.

PCL in addition to the PCS is the most important qualitative character of Amaranthus. PCL varied in
the range from 15.94% to 20.10%. A. molleros had the lowest average value (15.94%), while 4. candatus had
the biggest average value (20.10%) of these features traits (Table 3, Figure 2). Indicators of variability within
the analyzed species varied in a very small range of 0.35% (4. mantegazzianus) to 0.95% (A. candatus), while
among the analyzed species coefficient of variation is 9.95% (Table 3). The influence of the type is highly
significant for the PCL of amaranth (Table 3). In previous studies, protein contents of Amaranth seeds were
reported as 9.2% in A. blitoides, and 15% in A. muricatus (Juan et al., 2007). PCL of Amaranth species s have
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been reported differently such as in Amaranthus hybridus was 17.92% (Akubugwo ez al., 2007) and in
Amaranthus cruentus was 23.0% (Fasuyi et al., 2007).

Amino acids content of amaranth leaves, AACL

Common amino acids are present in amaranth leaf proteins. Among them, all essential amino acids are
present (tryptophan and cysteine decompose during acid hydrolysis).

The results obtained for the content of lysine and methionine are very significant (Table 4). In the
amaranth leaf, the lysine content ranged from 3.9 g/100 g protein (4. caudatus) to 7.0 g/100 g protein (A.
cruentus) and (A. moleros). In amaranth flower, the content of lysine ranged from 4.2 g/100 g of protein (A.
caudatus) to 6.7 g/100 g of protein (A. molleros). The methionine content ranged from 3.1 g/100 g of protein
(A. candatus) to 7.4 g/100 g of protein (A. mantegazzianus) in the leaf, or 2.9 g/100 g of protein (4. caudatus)
t0 6.7 g/100 g of protein (A. mantegazzianus) in amaranth flowers (Table 5). Amaranth leaves protein was rich
in all essential amino acids compared with the FAO/WHO (1973) requirements since their contents were
higher than that in the reference protein. Only the amino acid content of tryptophan is at the level of the
reference protein.

Table 4. Amino acids content (g/100 g protein) in leaves of Amaranthus species

Amino acid A. caudatus A. cruentus A. mantegazzianus A. molleros
Glycine 9.6 9.3 9.0 9.2
Alanine 6.7 6.6 6.4 5.1
Leucine 6.3 5.6 44 5.5

Isoleucine 4.1 3.9 2.6 4.0
Valine 6.3 4.8 4.5 3.8
Serine 8.2 5.1 4.8 6.2

Aspartic acid 9.8 9.4 7.5 6.2

Glutamic acid 17.2 17.2 17.3 17.9
Cysteine 4.2 4.1 2.6 4.4
Methionine 3.1 4.6 74 4.4
Lysine 3.9 7.0 5.7 7.0

Arginine 11.5 9.7 8.3 9.2

Tyrosine 4.2 5.1 33 4.4

Tryptophan 0.4 1.2 0.6 0.6

Histidine 3.5 2.5 3.0 2.1

Phenylalanine 4.9 4.5 3.7 3.0

Threonine 4.0 3.9 35 2.4

Proline 5.2 4.1 4.6 4.1

Ash content of amaranth seeds, MCS

Among the analyzed species of amaranth were no significant differences in the MCS (Table 3, Figure
2). Ash content of seeds varied in a very narrow interval (2.32-2.73%). Type A. candatus had a lower average
value (2.32%) for this property, while the highest average value was recorded for the species A. molleros (2.73%)
(Table 3). Coefficient of variation within the analyzed species varied in the range from 2.56% (A. molleros) to
16.14% (A. mantegazzianus) and between the studied species it was 7.24% (Table 3). Concerning the MCS,
analysis of variance, statistically significant difference between the study’s species of Amaranthus was not find
(Table 3). Ash content of leaves, MCL. Ash content in the leaves of the analyzed amaranth specics, varied from
16.34% (A. candatus) to 18.76% (A. mantegazzianus). The variation coefficient of the analyzed amaranth
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species was between 0.62% (A. moleros) and 2.14% (A. caudatus). The results of the ash content of the leaves
show a significant difference between the studied species.
Akubugwo ez al. (2008) reported that A. hybridus leaves contain an appreciable amount of nutrients,

minerals, vitamins, amino acids, and phytochemicals and low levels of toxicants.

The oil content of seeds, OCS

The average value of the oil content in amaranth seeds varied slightly from 5.56% (A. mantegazzianus)
t0 6.16% (A. molleros) (Table 3). Within the analyzed species of amaranth, the highest CV was observed in A.
mantegazzianus (7.19%) and the lowest value was in A. molleros (1.45%), Table 3. The standard deviation is
consistent with the value of the coefficient of variation. A similar result was reported by He and Corke (2003)

- that in Amaranthus grain of 104 genotypes of 30 species the overall average oil content was 5.0%, and ranging

from 1.9 to 8.7%.

Table 5. Amino acids content in flowers of Amaranthus species

. /?(I;:)lzopizlt‘i’in A. caudatus A. cruentus A. mantegazzianus A. mollersos
Glycine 8.9 8.9 7.9 8.6
Alanine 5.8 6.2 6.7 4.8
Leucine 7.8 5.2 6.1 4.9

Isoleucine 4.3 3.5 2.9 45
Valine 5.9 5.0 47 4.5
Serine 7.8 5.3 4.9 6.7

Aspartic acid 9.1 8.0 7.9 6.5
Glutamic acid 19.1 16.7 17.5 16.8
Cysteine 44 3.7 3.1 4.6
Methionine 2.9 35 6.7 3.9
Lysine 42 6.6 6.1 6.7
Arginine 10.7 9.4 9.5 8.7
Tyrosine 4.4 5.4 42 3.8
Tryptophan 0.8 0.8 1.0 13
Histidine 3.8 2.3 32 1.9
Phenylalanine 5.1 47 32 3.4

Threonine 3.8 4.1 3.9 2.9
Proline 5.4 3.8 42 3.9

Analysis of variance was very significant for protein content of seed and leaves and ash content of leaves

(Table 6).

Table 6. Analysis of variance of the random system for protein, ash, oil content of seeds and leaves of
Amaranthus species

Sources of Protein content Protein content Ash content Ash content Qil content
.. DF
variation of seeds of leaves of seeds of leaves of seeds
1.906** 9.392** 0.09 3.28** 0.22
Error 8 0.016 0.012 0.07 0.04 0.06

The components of variance, of coefficient of variation and heritability of amaranth.
The protein content of seeds (PCS) and leaves (PCL), and the ash content of leaves (MCL) are more
controlled by genetic basis, while the influences of environmental factors are lower.
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The percentage of genetic variance to total phenotypic variance for PCS, PCL, and MCL was 0.63%,
3.12%, and 1.08% respectively, and also the relation of genetic and ecological variance in the phenotypic
variance (Table 7).

Heritability was high for PCS, PCL, and MCL, which confirms a pronounced influence on the
variability of genotypes (Table 6). The lowest value of the genetic coefficient of variation was 5.16% (PCS),
and the highest value of 9.93% (PCL). The phenotypic coefficient of variation varied in the range of 5.18%
(PCS) t09.94% (PCL). A small difference in genetic and phenotypic coefficient of variation indicates a greater
impact of genetic factors on the expression of the respective properties.

The oil content of seeds and the proportion of genetic variance to total phenotypic variance was 72%.
This value indicates that in addition to genetic factors, the inheritance of oil content of seeds of Amaranthus
has a significant impact and ecological factors (Table 7).

Table 7. Genetic (8% g), ecological (8% ¢), phenotypic (8 f) variance; coefficients of genetic (GCV) and
phenotypic (PCV) variance and heritability (h?) of technological properties of Amaranthus species

Traits g e & f h? (%) GCV (%) PCV (%)
Protein content of seeds 0.63 0.005 0.635 99 5.16 5.18
Protein content of leaves 3.12 0.004 3.124 99 9.93 9.94
Ash content of seeds 0.0096 0.023 0.0326 29 3.92 7.16
Ash content of leaves 1.08 0.014 1.094 98 5.85 5.89
Qil content of seeds 0.054 0.021 0.075 72 3.95 4.65

Within all the technological characteristics analysed, only the traits of the ash content of seeds have a
low heritability (29%) indicating that the trait is controlled by a small number of genes. The phenotypic
coefficient of variation (7.16%) is significantly different from the genetic coefficient of variation (3.92%),
which indicates that the ecological factors have a strong influence on variability of these traits.

The average values of protein content in amaranth seeds are in A. teunifolious from 19% to 23%, A.
cruentus from 15% to 18%, A. spinosus 11% and A. polygamous only 5% (Singhal and Kulkarni, 1988). The
values of protein content in amaranth seeds were reported as 15.3% in A. cruentus and 16.6% in A. candatus
(Gorinstein ez al., 1991), and 14.90% in A. viridis, 17% in A. spinosus, 12.90% in A. tricolor, and 12.17% in A.
blitum (Srivastava and Roy, 2012).

The size and shape of leaves can be varying significantly between different genotypes within the same
species and they implicitly influence plant growth and therefore productivity (Cosmulescu ez 4/., 2020). Protein
contents of amaranth species leaves have been differently reported - in Amaranthus hybridus was 17.92%
(Akubugwo et al., 2007), in Amaranthus cruentus was 23.0% (Fasuyi ez al., 2007), in Amaranthus
hypochondriacus L. was between 2.101 mg g to 3.152 mg g (Pandey and Singh, 2010), in A. dubius flour was
21.53% (Rodriguez ez al., 2011), and in A. hybridus 17.2% (Adeyeye and Omolayo, 2011). Protein content
depends on genotype and growing conditions (Boskovi¢ and Isajev, 2007; Boskovi¢ ez al., 2016), and it was
decreased by plant age and increasing growth temperatures (Modi, 2007; Villegas-Olguin ez 4l., 2019).
Akubugwo e al. (2008) reported that A. hybridus leaves contain an appreciable amount of nutrients, minerals,
vitamins, amino acids, and phytochemicals and low levels of toxicants.

High seed yields and high-quality levels of the amaranth seed may be achieved partly by optimal crop
management and partly by selection and breeding. The origin rather than the botanical species is the decisive
factor for a suitable genotype (Kaul ez /., 1996). Breeding targets are high-yielding, short, early, and uniformly
maturing lines with reduced seed shattering and large seeds of high nutritional value (Brenner, 2002;
Stevanovi¢, 2022).
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Using of Amaranth in medicine

Kolesnikov and Gins (1997) points out that 4. cruentus and A. tricolor are close to Mentha piperita.
Amaranth leaves are relatively rich in proteins, pectins and flavinoids, which puts amaranth among medicinal
plants.Lily (1980) and Dastur (1970) confirm the medicinal properties of amaranth and state that amaranth is
still used in folk medicine in Asian and American countries today as a medicinal plant. Pesi¢ ez 2/. (1997) points
out that from amaranth leaves amaranth is isolated, a biologically active substance that prevents heart muscle
damage during ischemic processes.

Amaranth has an important role in the diet of people suffering from celiac disease (allergy to gluten),
because it is gluten free. Due to the higher content of calcium and iron, it is recommended for women because
it strengthens the bones and prevents anemia and reduces the level of cholesterol in the blood. It contains
valuable amino acids, among them lysine, which acts against the herpes virus. Saponins, protoalkaloids and
betacyans are responsible for the pharmacological activity of amaranth (PDR, 2000). Amaranth plants have
beneficial activity on the cardiovascular and nervous systems, hypoglycemic effect, antimicrobial activity,
antioxidant activity. Amaranth is widely used in the pharmaceutical industry to produce medicinal products
against artherosclerosis, gastric ulcers, tuberculosis, as well as antiseptic, antifungal, and anti-inflammatory
preparations (Szwejkowska and Bielski, 2012). According to Khare (2004) the sceds of Amaranthus
hypochondriacus L.in Unani medicine are considered as a spermatogenetic drug and tonic. Amaranth is
characterized by many advantages for health (Baraniak and Kania-Dobrowolska, 2022) (Figure 3). New
scientific research of biological activities of amaranth preparations on human health is needed.
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Figure 3. Benefits of amaranth for health

A. decoction is used in heavy menstrual bleeding, its flowers are as remedium for diarrhea, dysentery,
cough, and hemorrhages. Amaranthus polygamus Willd. is used as a spasmolytic, emmenagogue, galactagogue
factor (PDR, 2000). Amaranthus spinosus Linn. is taken to reduce heavy menstrual bleeding and in cases of
excessive vaginal discharge and also as a diuretic medium. The whole plants of Amaranthus blitum Linn.,
Amaranthus gangeticus Linn., Amaranthus mangostanus Linn., and Amaranthus tricolor Linn. are considered
as astringent, diuretic, demulcent and cooling (Khare, 2004). Amaranth seed oil exhibits hypolipemic, anti-
atherosclerotic, hypotensive and antioxidant activity (Moszak et 4/, 2018). Its consumption may lead to

inhibition or delay in the development of diet-related diseases of civilization.
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Conclusions

Based on the present finding it can be concluded that Amaranth is widely used in the food and in
pharmaceutical industry to produce medicinal products against artherosclerosis, gastric ulcers, tuberculosis, as
well as antiseptic, antifungal, and anti-inflammatory preparations. The obtained results in this investigation
indicated that the variability of protein, ash and oil content is largely affected by genetic basis. The obtained
results showed significant values of total proteins and essential amino acids for the examined genotypes. In the
amaranth leaf, the lysine content ranged from 3.9 g/100 g to 7.0 g/100 g depending on genotype, while in the
amaranth flower it ranged from 4.2 g/100 g to 6.7 g/100 g in the amaranth flower. A similar tendency was
recorded for methionine amino acid, respectively. Furthermore, the heritability was high for these three
parameters, which confirms a pronounced influence on the variability of genotypes. These results have shown
a very good initial material, which provides excellent starting point for further works on the selection and
processing of this new agricultural crop. The high seed yields and high quality of seeds may be achieved by
optimal crop management, selection, and breeding. This study provides contribution to further activities on
Amaranthus especially because of that separate divergent genotypes may serve as parents for further crossing,
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