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Abstract !
Amino acids contribute to the nutritional value and quality of amaranth. The
present investigation was carried out in indoor controlled conditions in the

biological laboratory of Ural Federal University (Institute of Natural Sciences Article History
and Mathematics) in 2021 to find out the amino acids potential in stem and gggfwed: 09 September
leaf extracts of nine different amaranth cultivars of four species viz, Amarantus Accepted: 06 November
caudatus L. (cv. Edulis, f. Yellow brown, and R-124), Amarantus cruentus L. 2024
(cv. Hopi Red Dye, cv. Nodoja, and cv. Pygmy & Torch), Amarantus hybridus
L. (cv. Oeschberg) and Amarantus hypochondriacs L (Unknown and cv. Black Keywords

. . . . Amaranth Cultivars;
leaved) in randomized complete pot design. The results showed that amino Amino Acid:
acids have a higher quantity in leaves than in stems. The range of results Glycine;
for amino acid content in leaves and stems were from 151.667 + 3.74 to é‘f::nEXtraCt?

349.73 £+ 5.85 ug mL-1 of extract and 13.4378 + 0.86 to 153.996 + 4.34 ug
mL-1 of extract respectively. Amaranthus hybridus Oschberg's stems and
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Amaranthus cruentus Hopi Red Dye's leaves had the highest amino acid
concentration. Whereas, there was no correlation between the amino acids
of leaves and stem extract within the same cultivar. Amaranthus caudatus
cultivars were shown to have less potential for amino acids than others.
The findings showed that all of the amaranth cultivars examined were an
excellent supply of amino acids as an indicator of protein.
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v Ninhydrin method and glycine as a
standard used to quantify amino

acids.

v The absorbance was measured at
570 nm wavelength, against the
reagent blank to construct a
standard plot curve.

v The concentration of the sample
was calculated using the regression

line of a calibration curve.

Introduction

Amaranth has higher nutritional values, with high
protein and well-balanced essential amino acid
levels among cereals. This traditional food is a protein-
rich C4 pseudo-cereal with various adaptations.?
Amaranth leaves and stems are a great and cost-
effective source of carotenoids, as well as proteins,
dietary fibre, various minerals, and vital amino acids
including lysine and methionine.>*®

Amaranth grains contain 15.4-16% protein with a
balanced composition of amino acids as compared to
wheat (13.5-14.5%), maize (10.6-13.8%), barley
(10-14.9%), and oats (12.4-12.9%)."® Amaranth
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different concentrations (80%, 60%,

and 40%) of ethanol and distilled
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The results showed that amino

acids, a higher quantity in leaves
than in stems without correlation
within the same cultivar P>0.05.

The leaves of Amaranthus cruentus
Hopi Red Dye and stems of
Amaranthus hybridus Oschberg
were best while Amaranthus
caudatus showed lower amino acid
potential than others and all
cultivars were a good source of

amino acids.

leaves offer a complete protein profile, including all
essential amino acids and when analyzed for amino
acid composition, the levels of leucine and valine
were comparable to those found in animal proteins.'®

The limited studies showed that amino acid content
of amaranth stems have a lower protein content
(approximately 8-10% dry weight) compared to the
grains and leaves with glutamic acid and aspartic
acid in abundant while leucine, valine, and threonine
were present in smaller amounts compared to the
leaves.”'® Glycine content in amaranth seeds is
typically around 0.4 to 0.5 grams per 100 grams,
while in amaranth leaves, it ranges from 0.5 to
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0.6 grams per 100 grams of fresh weight and in
amaranth stems ranging between 0.2 to 0.3 grams
per 100 grams.'%-20

Additionally, amaranth is rich in natural antioxidant
phytochemicals including vitamin C, beta-carotene,
flavonoids, and phenolic acids, as well as several
colouration agents including amaranthine, antho-
cyanins, betalains, betaxanthins, and betacyanins.®®

Amaranth is gluten-free by its amino acid side, which
has different health benefits such as muscle
recovery and hormone regulators, immune system
performance, antitumor activity, reduced blood glucose
levels, and improving conditions of hypertension
and anaemia.’

Studies have shown that amaranth extracts function
as traditional medicinal plants, particularly as
antibacterial, antiviral, antidiabetic, anthelminthic,
and antiviral antidotes for snakes.** Despite its

health benéefits, it is considered as an underutilized
food in many areas of the World with consumption
more common in rural areas than urban areas.®

For this reason, we assessed the amaranth leaf and
stem in terms of amino acids as proteins. Thus, the
current study aimed to determine the amount of amino
acids found in various amaranth cultivars. However,
the study has shown that amaranth is a future crop
of the world.

Materials and Methods

Plant Material

Nine cultivar seeds were obtained from the Botanical
Garden of the Ural Federal University. Then, they
were grown in indoor controlled pots in the biological
laboratory of Ural Federal University (Institute of Natural
Sciences and Mathematics). The seeds were sown in
arandomized complete pot design. On the 15" day,
seedlings were transplanted into small pots.

Table 1: Amaranth cultivar descriptions assessed during the study.

No Species Cultivar Origin Registration number
1 Amarantus caudatus L cv. Edulis Germany 49406-16
f. Yellow brown Germany 45378-16
R-124 Austria 28893-95-05-16
2 Amarantus cruentus L. cv. Hopi Red Dye France 29844-97-04
cv. Nodoja Romania 44628-09-10-16
cv. Pygmy &Torch Romania 49471-16
3 Amarantus hybridus L. cv. Oeschberg Germany 41398-03-08-12-16
4 Amarantus hypochondriacus L. Unknown Poland 49785-18
cv. Black leaved Germany 47668-16

Collecting of Amaranth Leaves and Stems
After a month and a half, the healthy leaves and
stems of nine amaranth cultivars were harvested
and dried in an oven UN 75(Germany) for about 8
hours at 80 °C.

Amino Acids Extraction from Leaves and Stems
of Amaranth cultivars

The dried leaves and stems were ground to a fine
powder using a pestle and mortar. After precisely
weighing out 150 mg of powder made from leaves
and stems separately, 3 ml of 80% ethanol was used

for extraction. The mixture was then shaken by hand
and incubated for 20 minutes at 450C in an ultrasonic
water bath. After centrifuging the amaranth extracts
for ten minutes at 10,000 rpm in a digital centrifuge,
the supernatants were moved to fresh test tubes.
The pellets were similarly extracted with 3 ml of 60%
ethanol, and also the supernatants were kept in the
same test tubes. In the third step, the pellets were
similarly extracted with 3 ml of 40% ethanol and the
supernatants were taken. Finally, the pellets were
similarly extracted with 3 ml of distilled water to
collect the supernatants.
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Determination of Amino Acids

The quantity of amino acids was estimated using
the Ninhydrin method,® with glycine as a standard
amino acids compound. To create the standard stock
solution, 50 mg of glycine were dissolved in 10 ml
of 40% ethanol and 40 ml of distilled water, yielding
a concentration of 1 mg/ml (1000ug/ml). In order to
create standard calibration solutions of 10, 20, 40,
60, 80, and 100ug/ml of glycine solution, the primary
stock solution was diluted with distilled water.

The absorbance was measured at wavelength
of 570 nm, against the reagent blank to construct a
standard plot curve (Figure 1 &Table 2). Experimental,
0.5 ml of leaf and stem extract solution separately
was mixed with 0.5 ml of 0.2% Ninhydrin solution
(100 mg in 50 ml of 40% ethanol), followed by heating
using a thermostat at 95°C for 1 hour. After
cooling the absorbance was quantified at 570 nm.
The concentration of the sample was calculated
using the regression line of a calibration curve. The
mean values were expressed in pg/mg of extract.

Data Analysis

The data were analyzed using one-way analysis
of variance (ANOVA) and regression analysis. The
results were expressed as the means * standard
error (SE).

Results and Discussion

The total amino acid content in nine amaranth
cultivar extracts for both leaf and stem extracts was
determined by the Ninhydrin method using glycine
as the standard. The absorbance values obtained
at different concentrations of glycine were used to
construct the calibration curve (Table 2 & Figure 1).
The total amino acids content of the leaf and stem
extracts was calculated from the regression
equations of calibration curves, Y=0.0053x—0.0033,
R2=0.9974 and Y= 0.015x —0.0236, R2=0.9994
respectively, and expressed as ug glycine equivalents
(GE) per ml of sample in extract solution (ug/ml). The
results are presented in Table 3.

Table 2: The absorbance of Glycine for calibrating amino acid concentration in
leaves and stems.

Concentration of
glycine pg mL"

Absorbance (for leaf amino
acid calibration) 570 nm

Absorbance (for stem amino
acid calibration) 570 nm

100 0.5438 1.4906
80 0.4083 1.1839
60 0.307 0.8645
40 0.2008 05752
20 0.1045 02772

10 0.056 0.1089
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Fig. 1: Glycine Calibration standard curves for leaves and stems respectively.
Source: Authors, 2023.
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Amaranth cultivars ‘total amino acids in the leaves
were in the range of 151.667 + 3.74 to 349.73 + 5.85
pg GE/ ml (g) extract. In proper order, the total amino
acids in the leaves were 151.667 + 3.74; 160.434 +
2.18;184.182+5.00; 198.107 £ 3.63; 220.994 + 4.29;
236.371+4.39; 256.893 + 4.03; 268.642 + 3.52 and
349.73 + 5.85 ug GE/ ml (g) extract for Amarantus
hypochondriacus L; Amarantus caudatus Lf. Yellow-
brown; Amarantus hypochondriacs L cv. Black leaved;

Amarantus caudatus L. R-124; Amarantus caudatus
L. cv. Edulis; Amarantus cruentus L. (cv. Nodoja;
Amarantus cruentus L. cv. Pygmy & Torch; Amarantus
hybridus L. (cv. Oeschberg and Amarantus cruentus
L cv. Hopi Red Dye respectively. For the cultivars
of the same species, there was a wide variation, in
terms of total amino acid content but the cultivars
of Amaranthus cruentus and Amaranthus hybridus
showed higher amino acid content than others.

Table 3: The means and standard errors of leaf and stem amino acids (a.a) content were
calculated from their absorbance.

Leaf a. a conc.

(Mean * SE)
in yg mL

Stem a. a conc.
(Mean * SE)
in yg mL

No. Plant Leaf Abs Stem Abs
(Mean * SE) (Mean * SE)

1 A.ca R-124 1.04667 = 0.11 1.0031 £ 0.34
2 A.ca Ed 1.16797 £ 0.20 0.17797 £ 0.01
3 A.caYb 0.847 + 0.11 0.99967 + 0.42
4 A.cru HRD 1.85027 £ 0.62 0.2049 £+ 0.06
5 A.cruN 1.24947 £ 0.25 0.68513 £ 0.44
6 A.cru PT 1.35823 £ 0.08 1.98187 + 1.03
7 A.hyb O 1.4205 +0.24 2.28633 + 0.65
8 A.hypo P 0.80053 £ 0.12 0.6731+£0.25
9 A.hypo Bl 0.97287 £ 0.14 1.95997 + 1.04

198.107 = 3.63
220.994 £ 4.29
160.434 £ 2.18
349.73 £ 5.85
236.371 £4.39
256.893 £4.03
268.642 £ 3.52
151.667 £ 3.74
184.182 = 5.00

68.4467 + 3.93
13.4378 £ 0.86
68.2178 + 4.66
15.2333 + 3.69
47.2489 +2.93
133.698 + 4.01
153.996 + 4.34
46.4467 +4.98
132.238 £ 2.93

Compared to the findings of amino acids in the leaves,
the amino acids in the stems were lower and ranged
from 13.4378 + 0.86 to 153.996 + 4.34 ug GE/ ml (g)
extract. From the lowest to the highest, the
amino acids in the stems were 13.4378 + 0.86;
15.2333 + 3.69 ; 46.4467 + 4.98 ; 47.2489 + 2.93 ;
68.2178 + 4.66 ; 68.4467 + 3.93 ; 132.238 + 2.93;
133.698 + 4.01 and 153.996 + 4.34 yg GE/ ml
(g) extract for Amarantus caudatus L. cv. Edulis;
Amarantus cruentus L. cv. Hopi Red Dye; Amarantus
hypochondriacus L ; Amarantus cruentus L. cv.
Nodoja; Amarantus caudatus L. f. Yellow brown;
Amarantus caudatus LR-124; Amaranthus
hypochondriacus L cv. Black Leaved ; Amaranthus
cruentus L cv. Pygmy & Torch and Amarantus hybridus
L.cv. Oeschberg respectively. With a very wide
variation of amino acids in comparison to the same
species, the highest amino acid levels have been
found in Amaranthus hybridus. The data of leaves
and stems were not correlated with a very low
correlation coefficient and greater p-value than 0.05
(P>0.05), P=0.857, R=0.071, and R2=0.0050

We quantified amino acids using only one amino
acid, glycine, as a standard calibration curve, thus
this could be the limiting factor for quantifying all
amino acids. In this case, our results were low but
very low in stem extract than in leaves and ranged
from 13.4378 to 153.996 ug GE/ ml (g) extract and
151.667 to 349.73 ug GE/ ml (g) extract respectively.
Glycine is one of the non-essential amino acids,
making amaranth a valuable dietary component,
and the glycine content ranges between 0.1 to 0.15
grams per 100 grams of fresh weight and 0.05 to 0.08
grams per 100 grams of fresh weight in amaranth
leaves and stems respectively.' The glycine content
with10, was 0.423 mg/ 100g in the dry leaf and
0.187 mg/100g in the dry stem of amaranth, thus the
total amino acid content was 7.332 mg/ 100g and
6.227mg/ 100g in the dry leaf and stem of Amaranth
respectively. Glycine content in dried matter
increased from 1.5 to 2.5 grams per 100 grams of dry
weight and from 0.5 to 1.0 grams per 100 grams of
dry weight in dried leaves and stems respectively.'
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The study of Sarker and Oba reported the protein
content in stem Amaranth from 5.76 to 1.47 g/100g
fresh weight.® Many researchers have used the
different amino acids as the standard calibration
curves to specify each amino acid.” The studies
found that the amino acid content varied in a manner
conforming to the age of the plant (leaves/stems).
The leafy components of amaranth have not had
as much research done on their proteins. Their
nutritional worth was also demonstrated to be fairly
high: the albumins (73.42%), globulins (6.60%),
prolamins (6.47%), and glutelins (6.41%) from the
proteins of the leaves of A. dubius flour had a chemical
score of 92.83% for necessary amino acids.'

The protein levels of the leaves of 61 accessions of
the grain and vegetable types Amaranthus (a total
of 10 species) were assessed. The leaf protein
variations for the vegetable and grain types were 14
to 30 and 15 to 43 g/kg (fresh weight), respectively.
Certain high-carotenoid lines' leaf proteins exhibited
a high lysine content (40-56 g/kg) and an amino acid
composition that was well-balanced.?"

The protein content of Amaranthus cruentus,
Amaranthus caudatus, and Amaranthus
hypochondriacus is 13.2-18.2g/100g, 17.6-18.4g/
100g, and 17.9g/100g respectively."* Amaranthus
hypochondriacus and Amaranthus cruentus are
on the top for high protein content in leaves with
25% to 30% and 20% to 25%.%° In our results,
Amaranthus Cruentus was on the top where the
cultivars of Amaranthus cruentus and Amaranthus
hybridus showed higher amino acid content than
others. The lysine content is a high amino acid
in pseudo-cereals (amaranth). Among the protein
composition, only lysine contents are high and range
from 3.2-6.4g/100g. Protein content and amino acid
composition depend on genotype and growing
conditions.™

As previously stated, amaranth proteins are rich
in several important amino acids. However, Amino
acids, have a variety of vital physiological and
nutritional roles in humans and are closely associated
with both health and illness as well as bodily growth
and development. This is because their contents
vary depending on the species and cultivars of
plants. Amino acids serve several vital purposes
besides their involvement in plant physiological

systems and protein synthesis. They serve as
intracellular pH regulators and are crucial nutrients
and developmental regulators for plants. They
help plants withstand biotic and abiotic stress and
promote metabolic energy.’

Conclusion

It can be concluded that the amaranth cultivars show
a wide array of highly nutritional characteristics,
also higher in leaves than in stems especially the
cultivars of Amaranthus cruentus and Amaranthus
hybridus. Moreover, the values of glycine as the title
of total amino acid determined here in the leaves
and stems of the amaranth cultivars are close to
the normal findings.

The amaranth species studied, particularly their
leaves and stems are the good source of glycine,
additive plant's value as a nutritious food for both
human and animal consumption. Therefore, these
results show that apart from the seeds, all other parts
of Amaranth especially stem sometimes treated as
waste can be utilized as a natural source of protein
and can be proposed to be part of nutritional values.
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