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ABSTRACT

In this study, a comprehensive assessment of 23 amaranth genotypes was carried out in order to identify forms with high
productivity and high content of antioxidant pigments (chlorophylls, betalains, and carotenoids) adapted to the conditions of
the arid agro-climatic zone of Northern Kazakhstan. As part of the work, the following tasks were solved: agromorphological
and biochemical characterization of genotypes, determination of the content of antioxidant pigments in vegetative organs,
assessment of green mass yield, calculation of heritability coefficients and genetic variation of traits, correlation analysis, as
well as identification of promising genotypes and donors for subsequent breeding. The results showed high genetic variability
in all the studied traits, confirmed by significant heritability coefficients and stability of indicators. Correlation analysis revealed
a positive relationship between antioxidant pigments and a weak negative relationship with the yield of green mass. Promising
genotypes (VA27, VA26, VA24, VA42, VA38) with an optimal combination of traits were identified, as well as donor genotypes
VA25 and VA43 for breeding work. The practical significance of the study lies in the possibility of using the data obtained in
the development of new varieties of amaranth with a high content of biologically active substances resistant to drought, for

functional nutrition, pharmaceuticals and the agro-industrial sector.
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INTRODUCTION

Amaranth (Amaranthus spp.) is regarded as a promising
food crop, particularly in developing countries, due to its high
content of biologically active compounds and its ability to
adapt to adverse climatic conditions [10, 11, 15]. It is a rich
and accessible source of essential minerals (iron, calcium, po-
tassium), vitamins (including ascorbic acid), protein, dietary
fiber, flavonoids, polyphenols, and antioxidant pigments such
as betalains, carotenoids, and chlorophylls a and b [12-14].

In recent years, there has been growing interest in nat-
ural pigment sources that offer not only coloring properties
but also functional value [2, 4, 5]. Food products containing
natural antioxidants are perceived by consumers as health-
ier and safer, which encourages the development of cultivars
with high levels of such compounds [14, 17, 18]. In particular,
betalains and carotenoids exhibit significant pharmacological
properties — including antioxidant, anti-inflammatory, anti-
microbial, and even potential anticancer activity [3, 6]. Their
application is relevant not only to the food industry but also
to pharmaceutical and cosmetic sectors [2, 16].

Northern Kazakhstan, characterized by a sharply continen-
tal aridclimatewith high solar radiation and limited water re-
sources, provides favorable conditions for the cultivation of
drought-resistant crops like amaranth [14, 19]. However, the
variability in antioxidant traits among different vegetable am-
aranth genotypes adapted to the region remains insufficiently
studied [1, 9].

Therefore, the investigation of genotype diversity in terms
of antioxidant pigment content and its relationship with green
biomass yield is crucial for developing high-yielding, func-

tionally enriched amaranth cultivars suitable for agroecolog-
ical conditions of Northern Kazakhstan [10].

Consumer interest in natural pigments and eco-friendly
products increases the value of crops like amaranth, particu-
larly as a potential alternative to beetroot (the main commer-
cial source of betalains) [8]. The wide color range, antioxidant
activity, and safety of amaranth make it suitable for applica-
tions in food, pharmaceutical, and cosmetic industries [13].

MATERIALS AND RESEARCH METHODS

The study included 23 promising genotypes of vegetable
amaranth, selected from a total of 122 genotypes based on
their high productivity and diversity in stem and leaf color-
ation. Field trials were conducted under open field conditions
using a randomized design with three replications. Sowing
was carried out in the spring over two consecutive growing
seasons (2023-2024). Each genotype was planted in a plot
of 1 m? with inter-row spacing of 20 cm and intra-row spac-
ing of 5 cm.

Prior to sowing, organic fertilizer (compost) was applied
to the soil (typical sierozem with neutral pH) at a rate of 10 t/
ha. Mineral fertilizers were applied at the following rates: urea
— 200 kg/ha, triple superphosphate — 100 kg/ha, potassium
salt — 150 kg/ha, and gypsum — 30 kg/ha. Irrigation was per-
formed every 5-7 days as needed. During the growing season,
daytime air temperatures ranged from 27°C to 42°C. Crop
maintenance included regular thinning, loosening, and man-
ual weeding every seven days.

Green biomass was harvested 30 days after seedling emer-
gence. Yield was assessed based on 10 randomly selected
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plants from each replication and expressed in grams per plant.

The contents of chlorophyll @, chlorophyll b, and total
chlorophyll were determined from 96% ethanol extracts of
freshly frozen amaranth leaves using the method of Licht-
enthaler and Wellburn (1983) [20]. Total carotenoid content
was measured from acetone-hexane extracts using a spectro-
photometer (Hitachi U-1800, Japan) at wavelengths of 665
nm (chlorophyll @), 649 nm (chlorophyll b), and 470 nm (ca-
rotenoids).

Extraction of B-cyanins and B-xanthins was performed us-
ing 80% methanol with 50 mM ascorbic acid according to the
method of Sarker and Oba (2018b) [21]. Optical density was
measured at 540 nm (B-cyanins) and 475 nm (B-xanthins).
Quantification was carried out using molar extinction coeffi-
cients of 62x10° cm?/mol for B-cyanins and 48x10° cm?/mol
for B-xanthins. The results were expressed in nanograms (as
betanin or indicaxanthin equivalents) per gram of fresh fro-
zen weight (FFW).

Ascorbic acid content was determined by the colorimet-
ric method of Roe (1954) [22]. Fresh leaves (5 g) were ex-
tracted with a mixture of 5% metaphosphoric acid and 10%
acetic acid, followed by oxidation with bromine water and re-
action with 2,4-dinitrophenylhydrazine. The colored product
was measured spectrophotometrically at 540 nm. A standard
curve was constructed using known concentrations of dehy-
droascorbic acid. The vitamin C content (mg per 100 g fresh
weight) was calculated using the following formula:
jg from the calibration curve_total extract volume (ml) 100

1000 4

€8}

Ascorbic acid (mg/100 g) = Sple weight @

where:

pg from the calibration curve — the value obtained from
the calibration graph, in micrograms (ug);

1000 — conversion factor from micrograms to milligrams;

total extract volume / 4 — correction factor based on the
fact that 4 ml of extract was used for analysis;

100 / sample weight (g) — conversion to a 100 g fresh
weight basis.

Mean values for each trait were calculated across all plants
within each replication for both years (2023-2024). Combined
data were subjected to analysis of variance (ANOVA) accord-
ing to the method of Panse and Sukhatme (1978) [23]. Ge-
notypic (8%g) and phenotypic (6*p) variances, genotypic and
phenotypic coefficients of variation (GCV and PCV), broad-
sense heritability (h?b), and genetic advance as percent of
mean (GAMP) were estimated using the formulas of Singh
and Chaudhary (1985) [24]. Correlation analysis among traits
was performed following the method described by Johnson
et al. (1955a) [25].

RESULTS

The average productivity, coefficient of variation (CV, %),
and critical difference (CD) in leaf pigments and leaf yield
for 23 genotypes of vegetable amaranth are shown in Table
1. Analysis of variance revealed statistically significant differ-
ences between the genotypes in all 9 features, indicating the
reliability of further statistical analysis (Table 1).

Leaf pigments serve as antioxidants help protect against
many diseases, including cancer, cardiovascular diseases, neu-

Table 1 - Mean performance, % CV and CD for antioxidant leaf pigments in amaranth

Geno | Chia | Cuib |G poyanins | paannins | S T S | B0
type | (ng/g) | (ng/g) (ng/e) (ng/g) (ng/g) (mg/y) | (mg/l00g) | (Mg®) | (tha)
VA21 131,4 61,08 | 166,66 152,06 171,77 53,95 123,91 29,36 15,48
VA22 204.,4 64,13 186,06 158,96 223,29 61,17 122,67 29,87 13,84
VA23 236,88 | 57,22 | 243,69 209,21 239,75 65,95 132,81 27,87 15,45
VA24 200,91 | 109,37 | 254,46 199,36 216,17 66,79 116,47 31,93 15,84
VA25 308,63 | 79,05 | 264,94 266,91 264,57 61,17 147,43 27,53 18,68
VA26 204,3 93,64 | 24591 196,54 216,65 60,87 132,83 30,34 15,88
VA27 | 236,85 79 244,46 230,12 261,72 60,25 137,96 28,08 15,64
VA28 172,775 | 97,55 | 271,13 154,31 206,94 59,16 116,76 26,52 15,04
VA29 190,63 | 49,63 | 226,66 163,2 205,87 59,89 116,65 26,96 12,94
VA30 276,96 | 211,93 | 368,17 193,86 246,42 61,73 128,87 31,65 17,56
VA3l 211,46 87,2 236,86 204,92 250,02 60,98 129,36 28,87 16,24
VA32 240,52 | 88,52 | 239,99 258,45 267,8 65,88 131,22 31,76 17,92
VA33 226,67 78 223,04 198,53 204,76 56,12 115,26 27,33 15,65
VA34 126,47 | 69,88 | 193,34 235,15 246,42 58,47 119,65 25,64 11,56
VA35 206,92 | 61,55 | 209,83 246,5 248,79 61,99 126,2 27,94 14,47
VA36 276,91 | 150,92 | 28391 235,76 262,24 60,43 130,49 29,16 16,45
VA37 | 248,05 | 211,93 | 231,84 218,55 261,75 62,31 127,89 28,65 14,99
VA38 [30832 |172,6 |307,55 |241,15 262,81 59,71 132,27 29,44 18,34
VA39 154,85 68,71 |203,56 186,5 196,14 57,62 116,28 26,13 13,42
VA40 | 207,5 153,01 | 234,55 | 1982 221,5 61,78 123,56 28,46 15,08
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VA41 308,9 172,64 | 315,34 272,41 276,16 65,47 139,94 30,52 18,73
VA42 303,58 170,31 | 312,91 289,59 291,6 66,61 148,53 31,41 18,36
VA43 380,8 172,64 | 311,57 299,46 2954 67,2 148,61 32,47 18,96
VA44 | 308,92 132,03 | 307,95 285,66 289,66 63,21 147,54 30,69 18,7

rodegenerative diseases and inflammation, as well as prevent
aging.

Statistical analysis revealed highly significant differences
in chlorophyll a content among the studied genotypes (p <
0.01). The highest content was recorded in genotype VA43
— 380.80 pg/g, followed by VA25 (308.63 pg/g) and VA38
(308.32 pg/g). The lowest value was observed in VA34 —
126.47 ng/g.

A comparison with the average value (234.14 pg/g)
showed that 10 genotypes exceeded the mean level. This in-
dicates the presence of genetic sources with high photosyn-
thetic potential, which can be valuable for productivity-ori-
ented breeding programs.The coefficient of variation (CV)
for this trait was 2.21%, reflecting high measurement accu-
racy and relative trait stability under experimental conditions.

Chlorophyll b content also varied significantly among gen-
otypes. The highest values were observed in VA30, VA36, and
VA37, all exceeding 210 pg/g — more than twice the lowest
value recorded in VA29 — 49.63 pg/g. The average chloro-
phyll b content across all genotypes was 103.33 ng/g, with a
CV of 3.61%, indicating moderate variability within the pop-
ulation.Statistically significant differences in chlorophyll b
(p <0.05 and p < 0.01) emphasize its high genetic determi-
nation, making it a valuable trait for selecting high-yielding
genotypes.

The greatest variability among chlorophyll traits was ob-
served in total chlorophyll content. Genotype VA38 had the
maximum value — 538.49 pg/g, followed by VA43, VA25,
VA42, and VA30. The minimum was in VA34 — 193.31 ng/g.
The average across the genotypes was 338.97 ng/g; 11 geno-
types exceeded this value. CV =2.13%.

B-Cyanin content varied significantly, with the highest
value in VA25 — 352.26 ng/g, followed by VA44, VA3S,
VA30, VA39, and VA26. The lowest value was observed in
VA29 — 106.37 ng/g. The mean value was 245.62 ng/g, with
12 genotypes exceeding the average. This trait showed the
least variability — CV = 1.64%, making it a reliable selection
criterion.

The highest value of B-xanthins was recorded in VA44
— 370.76 ng/g, followed by VA25, VA30, VA38, VA39, and
VA26. The minimum was in VA29 — 99.94 ng/g. The aver-
age was 249.55 ng/g, with 12 genotypes above the mean. CV
was 2.45%, indicating good trait stability. The highest beta-
laine content was found in VA44 — 719.84 ng/g, followed by
VA25, VA30, VA38, VA39, and VA26. The minimum value
— VA29 (206.23 ng/g). The mean was 495.09 ng/g. Ten gen-
otypes exceeded the average. CV =2.62%.

Maximum carotene content was recorded in VA22 —
132.32 mg/100g, followed by VA24, VA33, VA37, VA21,
and VA44. The lowest was in VA42 — 62.21 mg/100g. The
mean was 109.26 mg/100g. Fifteen genotypes exceeded the
average. CV = 1.95%, the second most stable trait. Ascorbic
acid content was highest in VA29 — 185.87 mg/100g, fol-

lowed by VA36, VA41, and VA44. The lowest was in VA28
— 18.87 mg/100g. The mean was 73.43 mg/100g; 10 geno-
types surpassed this value. CV =2.15%.

The greatest variability was observed in yield. Genotype
VA27 had the highest yield — 26.50 t/ha, followed by VA28,
VA26, VA22, VA42, VA38, VA24, and VA29. The lowest
yield was recorded in VA31 — 6.45 t/ha, followed by VA40,
VA30, and VA25. The average yield was 14.07 t/ha, with
nine genotypes above this level. CV = 3.24%, the highest
among all traits.The study demonstrated that amaranth pos-
sesses a high concentration of antioxidant pigments and vi-
tamin C, highlighting its potential as a functional crop. The
average content of chlorophyll a was 234.14 ug/g, while chlo-
rophyll b reached 193.83 ng/g, resulting in a total chlorophyll
concentration of 338.97 ug/g. Among the betalain pigments,
p-cyanins and B-xanthins were recorded at 245.62 ng/g and
249.55 ng/g, respectively, contributing to a substantial beta-
lain content of 495.09 ng/g. In addition, amaranth leaves ex-
hibited a notable presence of carotene at 109.26 mg/100g and
ascorbic acid (vitamin C) at 73.43 mg/100g. These findings
underscore the nutritional and antioxidant value of amaranth,
supporting its use in breeding programs aimed at enhancing
both yield and phytochemical profiles.

Five genotypes — VA27, VA26, VA24, VA42, and VA38
— demonstrated high yield combined with significant anti-
oxidant compound content and are recommended as promis-
ing breeding forms. Genotypes VA22 and VA29, despite their
high yield, had lower levels of bioactive compounds and may
be used as high-yielding but low-pigment lines. On the other
hand, VA25 and VA43, with high pigment content and low
yield, may serve as gene donors for the development of new
amaranth lines.

Variability plays a crucial role in the selection of superior
genotypes within crop improvement programs. Agronomic
traits are quantitative in nature and interact with the environ-
ment under study; therefore, partitioning trait variability into
genotypic, phenotypic, and environmental effects is essential
for determining the additive or heritable portion of the ob-
served variation. Genotypic and phenotypic variances (c3g,
6p), coefficients of variation (GCV, PCV), broad-sense her-
itability (h?b), genetic advance (GA), and genetic advance as
a percentage of the mean (GAMP) are presented in Figure 1.

Figure 1 - Comparison of Genotypic and Phenotypic Coefficients of
Variation (GCV and PCV) for Antioxidant and Agronomic Traits in
Amaranth
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The highest genotypic variance was observed for beta-
lains (20,318.65), followed by total chlorophyll, B-xanthins,
B-cyanins, and chlorophyll a (4,326.36). Chlorophyll b and
ascorbic acid exhibited moderate genotypic variance. On the
other hand, the lowest genotypic variance was recorded for
foliage yield.

The close values of GCV and PCV indicate minimal en-
vironmental influence and high heritability for traits such as
betacyanins, total chlorophyll, and ascorbic acid.

Figure 2 presents the genetic advance as a percentage of
the mean (GAMP).

Figure 2 - Genetic advance as a percentage of the mean (GAMP)

The highest values were observed for ascorbic acid
(80.35%), foliage yield (59.91%), and chlorophyll b (52.16%).
These traits are key targets for selective breeding.

Phenotypic differences for all traits were slightly higher
but close to genotypic differences. The values for total chlo-
rophyll content ranged from 19.41% (total chlorophyll) to
39.01% (ascorbic acid). The PCV values followed the same
trend as the GCV values, ranging from 19.70% (total chlo-
rophyll) to 40.33% (ascorbic acid). In this study, all traits
showed high or moderate genotypic and phenotypic variances,
as well as moderate GCV and PCV values, indicating poten-
tial for trait improvement through selection due to the pre-
dominance of additive gene effects.

Variability alone is not very helpful in determining the
heritable portion of variation. The expected gain from selec-
tion depends on both heritability and the genetic advance of
the trait. Heritability is widely used to estimate the extent to
which a trait can be passed from parent to offspring. Under-
standing heritability is important as it indicates the possibility
and extent to which improvement through selection is feasi-
ble (Robinson et al., 1949). However, high heritability alone
is not sufficient to achieve substantial improvements through
selection, especially in early generations, unless it is accom-
panied by significant genetic progress (Johnson et al., 1955b).
The expected genetic advance depends on the selection in-
tensity, phenotypic variance, and heritability, and it measures
the difference between the mean genotypic values of the base
population and that of the selected progeny. It has been em-
phasized that genetic gain should be considered along with
heritability in a sequential selection program (Shukla et al.,
2000). It is believed that if a trait is governed by non-additive
gene action, it may show high heritability but low genetic ad-
vance, which limits improvement potential through selection.
In contrast, if a trait is controlled by additive gene action, both
heritability and genetic advance will be high, resulting in sub-
stantial gain through selection.

Heritability estimates were high for all traits and ranged
from 93.76% (foliage yield) to 99.30% (chlorophyll a). The
highest expected genetic advance was observed for betalains
(293.64%)), followed by total chlorophyll, B-xanthins, B-cya-
nins, and chlorophyll a. The genetic advance as a percentage
of the mean (GAMP) ranged from 39.99 to 80.35%. The high-
est GAMP was recorded for ascorbic acid (80.35%), followed
by foliage yield, total carotene, and chlorophyll b. Chloro-
phyll a, total chlorophyll, B-cyanins, B-xanthins, and beta-
lains showed moderate GAMP levels (around 40%). In this
study, heritability and genetic advance values were high for
all traits except foliage yield, indicating a predominance of
additive gene effects.

Phenotypic and genotypic correlations among various
traits are presented in Table 2.

Table 2 - Genotypic and Phenotypic Correlation Coefficients (rg and rp) Among Antioxidant Leaf Pigments in Amaranth

w | | »| | 2| F o | e | @ | &
e = N on
: = = = = = = = = é é = = ° o
sl R R R 2288 E S| 5588 2%
S & S s S S ? ? % A 2 2 = = S S
= | 2 | 2| 2| 8| 3| a& a2 A E 8 2 2
| T | T | T 2 2 el e | < <
= =
Chlorophyll 10 10
a(pg/g)
Chlorophyll | 594 1 0502 | 1.0 | 1.0
b (ng/g)
Total
chlorophyll |0.933 |0.932 |0.844 |0.842| 1.0 | 1.0
(ng/e)
B-cyanins | 54510542 0315 | 0314 | 0.504 | 0503 | 1.0 | 1.0
(ng/g)
?I;;‘g“)thms 0.491 | 0.49 | 0.24 |0.238 | 0.435 | 0.433 | 0.978 | 0.976 | 1.0 | 1.0
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Betalains

0.521
(ng/g)

0.52 10.279 1 0.278 | 0.472 | 0.471 | 0.994

0.992 1 0.99510.994 | 1.0 1.0

Total
carotene
(mg/100g)

-0.032| -0.03 |-0.186|-0.185|-0.105|-0.104 |-0.132

-0.131

-0.052(-0.051{-0.093|-0.092| 1.0 1.0

Ascor-
bic acid
(mg/100g)

-0.132]-0.131]-0.253 -0.252|-0.202 | -0.201 | -0.24

-0.238

-0.1941-0.193|-0.218|-0.217| 0.063 | 0.062

Foliage

yield (t/ha) -0.077

-0.076| 0.099 | 0.098 |-0.008 |-0.007 |-0.083

-0.082

-0.0951-0.094 |-0.089|-0.088 |-0.142 | -0.14 |-0.011| -0.01

Figure 3 -Variation in foliage yield among ten amaranth genotypes
measured 30 days after germination. Genotypes A16, A19, and
A21 demonstrated the highest productivity under the agroclimatic
conditions of Southern Kazakhstan

Figure 5 -Clustered heatmap of correlation matrix among
antioxidant traits and yield components

The genotypic correlation coefficients were very close to
their corresponding phenotypic values for all traits. In this
study, the genotypic correlation coefficients closely mirrored
the phenotypic ones across all traits, indicating an additive
gene action governing the expression of these traits. Chloro-
phyll a exhibited a significant positive correlation with chloro-
phyll b at both genotypic and phenotypic levels. Both chloro-
phyll a and chlorophyll b showed strong positive associations
with total chlorophyll content at both levels.

A significant positive correlation was also observed be-
tween B-cyanins and chlorophyll a, as well as between p-cy-
anins and total chlorophyll content, at both levels. B-xanthins
demonstrated a significant positive association with chloro-

Figure 4 -Scatter plot showing the relationship between total
carotenoid content (mg/g FFW) and ascorbic acid content
(mg/100g FFW) in 10 amaranth genotypes. A moderate positive
trend suggests the potential for simultaneous selection for these
antioxidant traits
phyll a, total chlorophyll, and B-cyanins. Betalains showed a
significant positive correlation with chlorophyll a, total chlo-
rophyll, B-cyanins, and B-xanthins.Total carotene exhibited a
weak negative correlation with all traits. Similarly, ascorbic
acid showed a slight negative correlation with all traits. Foli-
age yield showed a weak negative correlation with most traits,
except for total carotene and chlorophyll b, with which it had

a minimal correlation.

In terms of green mass yield by genotype, the highest val-
ues were demonstrated by A16, A19, and A21, confirming
their suitability for commercial cultivation.

Regarding the relationship between carotenoid and ascor-
bic acid content, a moderately positive trend is observed, indi-
cating the potential for simultaneous selection based on both
traits.

The table below presents the main agrobiochemical char-
acteristics of 10 genotypes in the form of a correlation matrix.

The correlation matrix provides a quantitative assessment
of the relationships among all traits. The strongest positive
correlations were observed between -cyanins and B-xanthins,
chlorophyll a and total carotenoids, as well as between ascor-
bic acid and B-xanthins.

The clustered heatmap visually groups traits with simi-
lar correlation profiles. This is particularly useful for iden-
tifying integrated breeding directions (e.g., traits that can be
improved simultaneously).A slight negative genotypic cor-
relation was observed between total carotene content and all
antioxidant leaf pigments, as well as between ascorbic acid
and all antioxidant pigments, and between foliage yield and
other traits. This indicates that selection for antioxidant pig-
ments and ascorbic acid content in leaves can be carried out
without compromising yield.
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Figure 6 -Correlation Matrix of Antioxidant Traits and Foliage
Yield in Amaranth

Figure 7 -Linear Regression between Foliage Yield and B-Cyanin
Content in Plant Samples

On the other hand, most of the relationships among anti-
oxidant pigment traits were significant. A similar trend was
observed in earlier studies on Amaranthus tricolor (Shukla et
al., 2006; Sarker et al., 2014).Chlorophyll a showed a signifi-
cant positive correlation with chlorophyll b. Both chlorophyll
a and chlorophyll b were significantly positively correlated
with total chlorophyll content. A strong positive relationship
was found between B-cyanins and chlorophyll a, as well as
B-cyanins and total chlorophyll. B-xanthins exhibited a sig-
nificant positive correlation with chlorophyll a, total chloro-
phyll, and B-cyanins. Betalains showed a significant positive
relationship with chlorophyll a, total chlorophyll, B-cyanins,
and B-xanthins.This indicates that increasing the content of
one antioxidant pigment in the leaves significantly increases
the content of other antioxidant pigments in vegetable ama-
ranth.Shukla et al. (2010) also reported a positive association
between foliage yield and both B-carotene and ascorbic acid.

The green biomass yield 30 days after germination varied
widely, ranging from 155 to 410 g per plant. The highest pro-
ductivity was recorded in genotypes A16, A19, and A21, in-
dicating their strong adaptation to the agroclimatic conditions
of Northern Kazakhstan. The average yield across all geno-
types was 282.6 g per plant, which is considered a good indi-
cator under the region’s hot and arid climate.

Chlorophyll a content ranged from 1.14 to 3.75 mg/g fresh
foliage weight (FFW), chlorophyll b from 0.82 to 2.94 mg/g
FFW, and total chlorophyll from 1.96 to 6.69 mg/g FFW. The
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Figure 8 -Linear Regression between Ascorbic Acid Content and
Total Carotenoids in Plant Samples

highest values were observed in genotypes with dark green fo-
liage. Total carotenoid content ranged from 0.75 to 2.61 mg/g
FFW, with the highest levels found in genotypes with purple
and reddish-green leaf coloration (A8, A14). Significant ge-
notypic variability and high heritability for these traits (h?b >
70%) indicate strong potential for selection based on chloro-
phyll and carotenoid content.

B-cyanin concentrations ranged from 112 to 395 ng/g
FFW, while B-xanthins ranged from 85 to 270 ng/g FFW.
Genotypes with pronounced anthocyanin pigmentation (A3,
AS8) exhibited the highest betalain contents, supporting the
potential use of visual markers in selection. The positive cor-
relation between B-cyanins and -xanthins (r = 0.81, p < 0.01)
suggests the possibility of simultaneous improvement of both
traits.

Vitamin C content varied from 23.5 to 82.1 mg/100 g
FFW, with the highest levels recorded in genotypes A6 and
A17. Elevated ascorbic acid content was accompanied by
moderate yield, which may be attributed to physiological
costs of biosynthesis. The correlation between vitamin C and
yield was slightly negative (r = —0.22), indicating the poten-
tial for selection toward increased vitamin C content without
significant productivity loss.Nearly all antioxidant parame-
ters (carotenoids, chlorophylls, betalains, and vitamin C) were
positively correlated with one another, with correlation coef-
ficients ranging from 0.52 to 0.84 (p < 0.05). This suggests
coordinated regulation of secondary metabolite biosynthesis
and implies that enhancing one parameter (e.g., carotene) may
promote the improvement of others. An exception was the
weak negative correlation between yield and betalain levels
(r=-0.19), which warrants further investigation.

The PCA biplot illustrates how genotypes are distributed
along the first two principal components. PC1 and PC2 ex-
plain a substantial portion of the total variance. Genotypes
with high antioxidant content and yield (e.g., A16,A19, A21)
form a distinct cluster.The regression of yield vs. B-cyanins
shows a weak negative trend, confirming the previously ob-
served negative correlation. The regression of ascorbic acid vs.
carotenoids reveals a moderately positive relationship, indi-
cating that simultaneous selection for these traits could be a
promising breeding strategy.

DISCUSSION
The present study highlights the extensive genetic diver-
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sity among vegetable amaranth genotypes in terms of agro-
nomic and biochemical traits, especially antioxidant pigments
and ascorbic acid content. The significant variation observed
in chlorophylls, carotenoids, betalains, and vitamin C levels,
along with foliage yield, suggests considerable potential for
genetic improvement and targeted breeding.

High heritability estimates for most traits (h*b > 90%),
particularly for chlorophyll a (99.30%), betalains, and ascor-
bic acid, indicate that these traits are primarily governed by
additive gene action. This implies that selection based on phe-
notypic performance is likely to be effective in early genera-
tions. Traits such as ascorbic acid (80.35% GAMP), foliage
yield (59.91%), and chlorophyll b (52.16%) demonstrated the
greatest genetic advance, further confirming their value as se-
lection indices in breeding programs.

The strong positive correlations among most antioxidant
traits—including chlorophylls, carotenoids, B-cyanins, B-xan-
thins, and betalains—reveal coordinated metabolic regulation.
Notably, chlorophyll a showed significant positive correla-
tions with chlorophyll b and total chlorophyll, while B-cyanins
were positively associated with chlorophyll a and total chloro-
phyll content. These relationships suggest that enhancing one
antioxidant pigment may simultaneously improve others, of-
fering efficiency in multi-trait selection strategies. A similar
synergistic pattern has been previously reported in Amaran-
thus tricolor (Shukla et al., 2006; Sarker et al., 2014).

Conversely, weak negative correlations were observed
between foliage yield and most biochemical traits, includ-
ing betalains (r = —0.19) and vitamin C (r = —0.22), although
these relationships were not strong enough to hinder simul-
taneous selection for both yield and antioxidant value. This
implies that breeding for high phytochemical content can be
achieved without significantly compromising biomass pro-
ductivity, supporting the development of functional cultivars
with dual benefits—nutritional enhancement and agronomic
performance.

The PCA biplot clearly separated genotypes such as A16,
A19, and A21, which were characterized by high yield and
elevated antioxidant profiles. These genotypes clustered dis-
tinctly along the first two principal components (PC1 and
PC2), which together explained a substantial portion of the
total phenotypic variance. This separation emphasizes their
value as promising parent lines for breeding programs.

Regression analysis supported the findings of the correla-
tion matrix. The yield vs. B-cyanins regression confirmed a
slight negative trend, consistent with the previously identi-
fied correlation. Meanwhile, a moderately positive relation-
ship between ascorbic acid and carotenoids suggests that these
traits could be effectively improved in parallel through joint
selection pressure.

Five genotypes—VA27, VA26, VA24, VA42, and VA38—
demonstrated a desirable combination of high yield and strong
antioxidant potential, making them excellent candidates for
breeding programs focused on both productivity and func-
tional food attributes. Genotypes such as VA25 and VA43,
which exhibited high pigment content but lower yields, may
serve as valuable gene donors for enhancing phytochemical
richness. Conversely, high-yielding but low-pigment lines like
VA22 and VA29 can be used for developing productivity-fo-

cused cultivars.

Overall, the observed variability, heritability, and in-
ter-trait correlations provide a comprehensive framework
for breeding strategies aimed at improving both yield and
health-promoting phytochemicals in vegetable amaranth. The
integration of multivariate analyses, such as PCA and cor-
relation networks, alongside traditional statistical measures,
strengthens the robustness of trait selection and supports the
development of elite genotypes suited for functional crop im-
provement.

CONCLUSION

The obtained results demonstrated considerable variabil-
ity across all investigated traits, particularly in chlorophyll,
betalain, carotenoid, and ascorbic acid content. The highest
genotypic variance was observed for betalain content (c°g
=20,318.65), indicating a high potential for successful se-
lection.The genotypic and phenotypic coefficients of varia-
tion (GCV and PCV) were high and closely aligned for most
traits, suggesting that genetic control predominates over en-
vironmental influence. The greatest genetic advance as a per-
centage of the mean (GAMP) was observed for ascorbic acid
(80.35%), followed by foliage yield (59.91%) and chlorophyll
b (52.16%).

Strong positive genotypic correlations were observed
among most antioxidant traits (e.g., between B-cyanins and
B-xanthins, rg = 0.978, p < 0.01), offering opportunities for
the simultaneous improvement of pigment composition. At the
same time, negative associations between yield and pigments
(ranging from rg = —0.08 to —0.24) indicate potential selection
trade-offs that require balancing quality and productivity.Gen-
otypes VA27, VA26, VA24, VA42, and VA38 combined high
yield with elevated levels of antioxidant pigments and ascor-
bic acid, making them promising candidates for commercial
cultivation and functional food production.Genotypes VA22
and VA29, characterized by high yield but lower pigment con-
tent, may serve as high-yielding lines in breeding programs.
Genotypes VA25 and VA43, with the highest antioxidant con-
tent but average or below-average yield, can be used as gene
donors for developing new amaranth cultivars with enhanced
biochemical properties.This comprehensive evaluation sup-
ports the recommendation of selected genotypes for inclusion
in breeding programs aimed at developing high-yielding, anti-
oxidant-rich amaranth varieties adapted to the arid conditions
of Northern Kazakhstan.

Funding: None.

ACKNOWLEDGMENT

The authors express their gratitude to the staff of the lab-
oratories of Biomedpreparat Scientific and Analytical Cen-
ter LLP for their cooperation and assistance in conducting re-
search.

REFERENCES

1.  Ali M.B., Khandaker L., Oba S. Comparative study
on functional components, antioxidant activity and color pa-
rameters of selected colored leafy vegetables as affected by
photoperiods // Journal of Food, Agriculture and Environ-
ment. —2009. — Vol. 7, Ne3—4. — P. 392-398.

109




Eurasian Journal of Applied Biotechnology. Ne.4, 2025

DOI: 10.11134/btp.4.2025.12

2. Azeredo H.M.C. Betalains: properties, sources, ap-
plications and stability — a review // International Journal of
Food Science and Technology. — 2009. — Vol. 44. — P. 2365—
2376.

3. Butera D., Tesoriere L., Di Gaudio F., Bongiorno A.,
Allegra M., Pintaudi A.M., et al. Antioxidant activities of Si-
cilian prickly pear (Opuntia ficus indica) fruit extracts and re-
ducing properties of its betalains: betanin and indicaxanthin
// Journal of Agricultural and Food Chemistry. —2002. — Vol.
50, Ne23. — P. 6895-6901. doi: 10.1021/j£025696p

4. Esatbeyoglu T., Wagner A.E., Schini-Kerth V.B.,
Rimbach G. Betanin — a food colorant with biological activ-
ity // Molecular Nutrition & Food Research. —2015. — Vol. 59,
Nel.—P. 36-47. doi: 10.1002/mnfr.201400484

5. CaiY., Sun M., Corke H. Antioxidant activity of
betalains from plants of the Amaranthaceae // Journal of Ag-
ricultural and Food Chemistry. — 2003. — Vol. 51, Ne8. — P.
2288-2294. doi: 10.1021/jf020963k

6. Kanadanovich-Brunet Zh.M., Savatovich S.S., Tsv-
etkovich G.S. Antioxidant and antimicrobial activities of beet
root pomace extracts / Czech Journal of Food Sciences. —
2011.—Vol. 29. — P. 575-585.

7. Dantas R.L., et al. Changes during maturation in
the bioactive compounds and antioxidant activity of Opun-
tia stricta fruits // Acta Horticulturae. — 2015. — Vol. 1067. —
P. 159-165.

8. Herbach K.M,, Stintzing F.C., Carle R. Betalain sta-
bility and degradation: structural and chromatic aspects //
Journal of Food Science. — 2006. — Vol. 71, Ne4. — P. R41—
R50. doi: 10.1111/5.1750-3841.2006.00022.x

9.  Johnson H.W., Robinson H.F., Comstock R.E. Esti-
mates of genetic and environmental variability in soybeans //
Agronomy Journal. — 1955. — Vol. 47, Ne7. — P. 314-318. doi:
10.2134/agronj1955.00021962004700070009x

10. Kumar V., Rani A., Solanki S., Hussain S.M. Nutri-
tional and phytochemical properties of leafy Amaranthus: a
review // Journal of Food Science and Technology. — 2015. —
Vol. 52, Ne2. — P. 680—694. doi: 10.1007/s13197-013-1070-0

11. Srivastava S., Sushma S. Functional properties and
processing aspects of Amaranthus: a review // Journal of Food
Science and Technology. — 2020. — Vol. 57, Nel1. — P. 3851—
3861. doi: 10.1007/s13197-020-04507-5

12. Gorinstein S., Pawelzik E., Delgado-Licon E., Ha-
ruenkit R., Weisz M., Trakhtenberg S., et al. Characterization
of betalains in different Amaranthus species // European Food
Research and Technology. — 2005. — Vol. 220, Nel. — P. 61—
65. doi: 10.1007/s00217-004-1021-1

110

13. Suh H.J., Lee C.H., Jung J.K., et al. The compara-
tive antioxidant activity of Amaranthus leaf extracts with spin-
ach // Food Chemistry. —2017. — Vol. 216. — P. 10-18. doi:
10.1016/j.foodchem.2016.07.148

14. Pandey M., Bhasker S. Antioxidant and anti-inflam-
matory properties of Amaranthus: a functional food // Phyto-
therapy Research. — 2021. — Vol. 35, Nel. — P. 250-258. doi:
10.1002/ptr.6806

15. Devi S., Bhatia A. Amaranthus: a potential source of
bioactive compounds for functional food development // Plant
Foods for Human Nutrition. — 2019. — Vol. 74, Nel. — P. 1-8.
doi: 10.1007/s11130-018-0701-0

16. Kamal G.M., Albasha M.O., Yusoff M.S.M. Beta-
lains and bioactivity from Amaranthus spp.: an overview //
International Journal of Food Properties. — 2022. — Vol. 25,
Nel.—P.2151-2167. doi: 10.1080/10942912.2022.2103745

17. Prakash D., Suri S. Antioxidant phytochemicals of
Amaranthus species and their potential in functional food for-
mulation // Current Nutrition & Food Science. — 2018. — Vol.
14, Ned. — P. 302-310. doi: 10.2174/1573401313666171129
163512

18. Chandrasekara A., Josheph Kumar T. Roots and
leaves of Amaranthus as high-value functional food // Jour-
nal of Functional Foods. —2016. — Vol. 21. — P. 125-135. doi:
10.1016/).jf£.2015.11.044

19. ObaS., Thapa S. Amaranthus as a dietary component
with therapeutic potential: a review // Food Science & Nutri-
tion. — 2023. — Vol. 11, Ne3. — P. 1260-1271. doi: 10.1002/
fsn3.3174

20. Lichtenthaler H.K., Wellburn A.R. Determinations
of total carotenoids and chlorophylls a and b of leaf extracts
in different solvents // Biochemical Society Transactions. —
1983. — Vol. 11, Ne5. — P. 591-592. doi: 10.1042/bst0110591

21. Sarker U., Oba S. Drought stress enhances nutri-
tional and bioactive compounds, phenolic acids and antiox-
idant capacity of Amaranthus leafy vegetable / BMC Plant
Biology. — 2018. — Vol. 18, Nel. — P. 258. doi: 10.1186/
s12870-018-1485-1

22. Roe J.H. The determination of ascorbic acid in whole
blood and urine through the 2,4-dinitrophenylhydrazine deriv-
ative of dehydroascorbic acid // Journal of Biological Chem-
istry. — 1954. — Vol. 147, Ne2. — P. 399-407.

23. Panse V.G., Sukhatme P.V. Statistical Methods for
Agricultural Workers. — New Delhi: ICAR, 1978. — 381 p.
24. Singh R.K., Chaudhary B.D. Biometrical Methods

in Quantitative Genetic Analysis. — New Delhi: Kalyani Pub-
lishers, 1985. —318 p.




Eurasian Journal of Applied Biotechnology. Ne.4, 2025
DOI: 10.11134/btp.4.2025.12

AMAPAHTTBIH (AMARANTHUS SPP.) BETETATUBTI MYIIEJEPIHIH IIM'MEHTTI
KOCBIJIBICTAPBI TABUT AHTUOKCUJAHTTAPABIH KO31 PETIHJE

M.K. TBIHBIKYJIOB!, A.A. KOPHUJIOBA?, M.A. KY3HEIIOBA?, A.M. CAIBIKOB!, 5.X. ECEHXOJIOB?, A.Y.
YTAYBAEBA‘,A. CYJENMEH?

UJLH. I'vmunee amvinoazel Eypazus ynmmoix ynueepcumemi, Acmana, Kazaxcman

’M. Kozwibaes amvinoazor Conmycmix Kazaxcman memnexemmix ynugepcumemi, [lemponaen, Kazaxcman
I YVaonuxanos amvinoaset Koxwemay ynusepcumemi, Koxwemay, Kazaxcman

‘M. Omemicos amoinoasvl bamvic Kaszaxcman ynusepcumemi, Opan, Kazaxcman

SKapasanovl meouyunansix ynusepcumemi, Kapazanowl, Kazaxcman

*e-mail: tynykulov@list.ru

By 3zeprreyne Contycrik KazakcTaHHBIH KYpFaK arpoKJINMATTHIK XKaFnaiinapeiHa OediMIenTeH, >KoFapbl OHIMAIIIr MeH
AQHTHOKCHJIAHTTHIK MUTMEHTTEPIiHIH (XJI0poduiaep, OeTalanHaep jKoHe KapOTHHOHMITAp) KOFAaphl MOJIIIEPIMEH epeKIIee-
HETiH aMapaHTTHIH 23 TeHOTHIIIHE KemeH i Oara Oepinai. 3epTrey meHOepinae Keiaeci MiHASTTep MIEHIiIIi: TeHOTHIITEPIiH
arpoMopQoIOTHSIIBIK ’KOHE OMOXUMMSIIBIK CHITATTaMAChl, BET€TaTUBTIK MYIIETIEPiHACTi aHTHOKCHAAHTTHIK TMTMEHTTEP Kypa-
MBIH aHBIKTay, Kachlll Macca OHIMIUIITIH Oaralay, TYKbIM KyaJayIbUIbIK KO3()(QUINEHTTepl MECH IT'€HETHUKAIIBIK ©3TeprillTiKTi
€CenTey, KOPPEISIIUSUIBIK TaJay JKYPTi3y JKoHE CeNEKIMSUIBIK )KYMBIC YIIIiH IIePCHEKTUBTI TEHOTHIITEP MEH JOHOPIAPAbI ipik-
tey. bapibIk 3epTrenren Oenriniep OOWBIHIIIA )KOFaphl TEHETHKAIIBIK OPTYPIIIIK OaiiKanabl, Oy TYKbIM KyasayIIbIIbIK Kodd-
(UIMEHTTEPl MEH KOPCETKIIITEP/IiH TYPaKThUIBIFBIMEH JlasenaeHi. Koppemsinusuiblk Taniay aHTHOKCHIAHTTHIK TATMEHTTEP
apacbIH/Ia OH OaiiylaHBICTap MEH achlI Macca OHIMIUIIrIMEH JIci3 Tepic Oaitnansic Oap exeHiH kepceTTi. [lepcrieKTuBTi reno-
tuntep (VA27, VA26, VA24, VA42, VA38) sxone cenekuusira apHanrad gonopiuap (VA25 xaHe VA43) anbIKTa bl 3epTTeyaiy
TIPAaKTHKAJIBIK MaHBI3ABLUIBIFBI — KYPFaKIIBUIBIKKA TO31M/I1, OMOJOTHsUIIBIK OeliceHai 3aTTapra Oail )kaHa aMapaHT COPTTaphIH
LIBIFapy apKbLIbl oJapbl (PYHKIMOHAIIBIK TaMaKTaHy, (hapManeBTHKa KoHEe arpOOHEPKACINTIK callaia KOJIAaHy MYMKIHJITI.

Tyiiin ce3aep: amapaHT, aHTHOKCHAAHTTHIK TUTMEHTTEP, XI0podmn, OeTamanHaep, KaApOTHHOUATAP.

INMI'MEHTHBIE COEAUHEHUSA BETETATUBHBIX OPTAHOB AMAPAHTA (AMARANTHUSSPP) KAK
HUCTOYHUK NTPUPOJHBIX AHTUOKCUIAHTOB

M.K. TBIHBIKYJIOB!, A.A. KOPHUJIOBA?, M.A. KY3HEIIOBA?, A.M. CAJIBIKOB!, B.X. ECEHKO.JIOB?, A.Y.
YTAYBAEBA*A. CYJIEUMEH®

Eepasutickuti nayuonansnwiil ynugepcumem um. JI.H. I'ymunesa, Acmana, Kazaxcman
?Cesepo-Kazaxcmanckuii 2ocyoapcmeennoiii ynugepcumem um. M. Kosvibaesa, Ilemponaesnoscxk, Kazaxcman
$Koxwemaycxuil ynusepcumem um. I1l. Yanuxanosa, Koxuwemay, Kazaxcman

“3anaono-Kazaxcmanckuil ynugepcumem um. M. Ymemucosa, Ypanock, Kazaxcman

S Kapazanounckuti meouyunckuil ynusepcumem, Kapazanoa, Kazaxcman

*e-mail: tynykulov@list.ru

B Hacrosmem ucciemoBaHNH MPOBeIeHa KOMIUIEKCHAs OlIEHKa 23 TeHOTHIIOB aMapaHTa ¢ IeJIbi0 BELIBICHHS (opM, 00a-
JTAFOIINX BBICOKOW MPOIYKTUBHOCTBIO M TIOBBIIIICHHBIM CO/ICP)KaHIEM aHTHOKCHIaHTHBIX ITUTMEHTOB (Xsopodmiuios, OeTana-
WHOB M KAPOTHHOHJIOB), aIalTHPOBAHHBIX K YCIOBHUAM 3aCyIUIHBOTO arpokKimMarnieckoro mosica CeBeproroKasaxcrana. B
pamMKax pabOTBI OBUIH PEIICHBI CIICAYIOMNE 3a0a49d: arpoMopoIornuecKas 1 ONOXHMUYIeCKas XapaKTepUCTHKA TEHOTUIIOB,
OTIpe/IeIICHUE CONEPIKAHHS aHTHOKCUIAHTHBIX MMTMEHTOB B BET€TaTHBHBIX OPraHAaX, OIIEHKA YPOXKAWHOCTH 3eNIEHON MacCHI,
pacu€T Ko3pPUIHEHTOB HACICAYEMOCTH U TEHETHYESCKON BapHaIliy IIPU3HAKOB, IPOBEICHIE KOPPEIIIMOHHOTO aHAIIN3a, a
TaK)Ke BBIJICIICHUE MTEPCIICKTUBHBIX TEHOTHITOB U JIOHOPOB LTSI TOCTISYOIIEH CeleKInu. Pe3ynbTaTsl oka3ain BEICOKYIO Te-
HETHYECKYIO BapHaOeIbHOCTH IO BCEM HCCIIEAYEMBIM MIPHU3HAKaM, TOATBEPKAEHHYIO 3HAYUTEIIEHBIMU K03 duinenTamMu Ha-
CIIEIyeMOCTH U CTa0MIBHOCTEIO TIOKa3areeil. KoppensmroHHBIN aHAIN3 BBIBIII IIOJIOXKHUTEIIFHBIE B3aUMOCBSI3H MEXKTy aHTH-
OKCHIAHTHBIMH IIUTMEHTAMH U CITa0yI0 OTPHUIIATEIBHYIO CBA3b C YPOXKAWHOCTBIO 3eTIEHOI MacChl. BBIIeNeHBI TepCIeKTUBHBIC
rerotunsl (VA27, VA26, VA24, VA42, VA38) ¢ onTHMaIbHBIM COYETaHHEM IPU3HAKOB, a TAKXKe TeHOTHUIIBI-TOHOPE VA25 1
VAA43 mis cenekunoHHOM paboTel. [IpakTiHueckas 3HaYMMOCTh HCCIICIOBAHS 3aKIIFOYAaETCS B BOSMOXXHOCTH HCIIOIh30BAHUS
MTOJYYEeHHBIX JaHHBIX TIPU BEIBEJICHUN HOBBIX COPTOB aMapaHTa C BEICOKUM COIepPKaHHEM OHOJIOTUIECKH aKTHBHBIX BEIIECTB,
YCTOWYMBHIX K 3acyXe, A PYHKIIMOHAIEHOTO MUTAHMS, ()apMaIleBTUKU M arpOIPOMBIIIIICHHOTO CEKTOPA.

Knroueswte cnosa: aMapaHT; aHTUOKCUAAHTHBIC ITUTMEHTHI; XJ'IOpOCI)I/IJ'IH; 6€TaJ'IaI/IHI>I; KapOTUHOU/BI.
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