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Primary metabolites and
betanin: their interplay 
in the roots of Table Beet 
(Beta vulgaris L.)
Abstract

Relevance. The main source of the natural pigment betanin is table beet, known for its medicinal and

antioxidant properties, earliness and long shelf life, rich in bioactive compounds, minerals and vita-

mins. This research was induced by the lack of information required by breeders to increase betanin

content in beet. Metabolite profiling is an effective way to assess the interplay between individual

metabolites and betanin content in table beet. 

Materials and methods. The material was selected from the the N.I. Vavilov Institute of plant industry

(VIR) collection. Biochemical analysis was based on VIR’s guidelines, and metabolite profiling on gas

chromatography, coupled with mass spectrometry. 

Results. 17 free amino acids were found in the beet root extract. The greatest number of positive cor-

relations with other amino acids (r˃0.72) was found in tyrosine, alanine and phenylalanine. A signif-

icant (r = –0.66) negative correlation was observed between betanin and succinic acid, credibly asso-

ciated with betalamic acid. Sucrose predominated among carbohydrates (95%). Sucrose and maltose

showed a weak positive correlation with betanin. Unsaturated oleic and saturated palmitic acids

dominated among fatty acids (52% and 20% of total fatty acids, respectively). Earlier-ripening and

cold-resistant table beet accessions showed a predominance of unsaturated fatty acids and lower

betanin content. The disclosed interactions are important for betanin-rich red beet breeding.
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Взаимосвязь первичных метабо-
литов и бетанина в корнеплодах
свеклы столовой (Beta vulgaris L.)   
Резюме
Актуальность. Беталаины это водорастворимые, тирозин-производные пигменты, подразделяю-

щиеся на желто-окрашенные бетаксантины и красно-фиолетовые бетацианины. Наибольшая доля

в группе бетацианинов приходится на бетанин, используемый в качестве натурального красителя

красного цвета.  Основным источником бетанина является высокоурожайная корнеплодная куль-

тура – свекла столовая, характеризующаяся лечебными, антиоксидантными свойствами, скоро-

спелостью, длительной сохранностью корнеплодов, а также высоким содержанием биологически

активных веществ, минеральных элементов и витаминов. Это исследование было вызвано недо-

статком информации, необходимой для селекционной работы по увеличению содержания бета-

нина в свекле. 

Материалы и методы. Изучение метаболитного профиля использовано в качестве эффективного

способа оценки и поиска взаимосвязи показателей отдельных метаболитов с содержанием бета-

нина у группы перспективных образцов столовой свеклы из коллекции ВИР. Материалом для

исследования послужила группа из 225 образцов. Состав метаболитов анализировали у выделен-

ной группы из 23 образцов. Биохимический анализ выполнен в лаборатории биохимии и молеку-

лярной биологии ВИР, количественный и качественный состав первичных метаболитов оценива-

ли методом газо-жидкостной хроматографии, сопряженной с масс-спектрометрией. 

Результаты. В составе экстракта корнеплодов опытных образцов было идентифицировано 17

свободных аминокислот. Наибольшее число положительных взаимосвязей с другими

аминокислотами (r˃0,72) отмечено у тирозина, аланина и фенилаланина.  Установлена значимая

(r= -0,66) отрицательная корреляция бетанина с янтарной кислотой, которая, по результатам фак-

торного анализа, сопряжена с беталамовой кислотой. Среди углеводов преобладала сахароза

(95%).  У сахарозы и мальтозы проявлялась слабая положительная взаимосвязь с бетанином.

Среди жирных кислот доминировали ненасыщенная олеиновая и насыщенная пальмитиновая

кислоты (соответственно 52% и 20% от суммарного содержания жирных кислот). Более скороспе-

лые и холодостойкие образцы столовой свеклы характеризовались преобладанием ненасыщен-

ных жирных кислот и пониженным содержанием бетанина. Выявленные взаимосвязи и особенно-

сти метаболитного профиля столовой свеклы важны для селекционной работы при создании сор-

тов и гибридов с повышенным содержанием бетанина.

Ключевые слова: свекла столовая, беталаины, бетанин, свободные аминокислоты, органические

кислоты, углеводы, жирные кислоты
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Introduction

Aviable trend in the development of modern food
industry is the production of harmless foods and raw

materials with a high content of bioactive compounds,
physiologically beneficial for human health. Modern food
production rarely does without the use of functional addi-
tives: taste and flavor enhancers, flavorings, thickeners,
antioxidants, emulsifiers, stabilizers, preservatives, regula-
tors, antibiotics, and pigments. Food dyes help to restore
or increase the color intensity in a finished product, deteri-
orated by exposing the initial components to various
impacts of such technological factors as temperature, pH
of a solution, moisture, etc. [1]. 

Shades of red are the most popular with the food pro-
ducers for coloring. Carmine (E120), anthocyanins (E163)
and betanin (betanidin 5-O-beta-D-glucoside) (E162) are
used as authorized natural red pigments. Most flowering
plants produce purple pigments called anthocyanins. The
exceptions are representatives of several families in the
order Caryophyllales, synthesizing other pigments of a sim-
ilar color: betalains. The red-colored solutions of antho-
cyanins and betalains are practically indistinguishable visu-
ally (Figure 1), but their uses have a number of distinguish-
ing features. The main advantage of betanins over antho-
cyanins is their stability in the pH range from 3 to 7, which
makes it possible to use them for coloring products with
both acidic and neutral media [2]. At the same time, a sig-
nificant disadvantage of betanin is that the pigment
degrades when heated – the betanin molecule loses its
properties as a result of decarboxylation and is converted
into neobetanin [3]. 

The main sources of betanin are: beet roots (Beta vul-
garis L. ssp. vulgaris var. conditiva Alef.),  prickly pear fruits
(Opuntia vulgaris Mill.), and red-colored forms of amaranth
(Amaranthus L.) [4,5]. The dominant place is occupied by
the beet crop, unrivalled by other sources of this pigment,
due to its large harvests (50–60 t/ha) and high betanin yield
(about 0.5 g/kg) [6]. 

Table beet is characterized by high yield, earliness, long
shelf life of roots, and high levels of bioactive compounds,

minerals, vitamins, the nitrogenous compound betaine,
and the coloring pigment betanin, all of which demonstrate
medicinal properties [7,8]. The food dye called Beetroot
Red (E162) is the health-friendly betanin pigment extracted
from beet. Its benefits for human health have been well
studied, with special attention paid to its antioxidant prop-
erties and antitumor activity [9-11]. According to recent
research, table beet is numbered among the top ten veg-
etables with the highest antioxidant activity. It has been reli-
ably confirmed that polyphenols, carotenoids and vitamins
contained in beet roots have hepatoprotective properties
and contribute to the treatment of cardiovascular diseases,
hypertension, and diabetes [12,13]. Betanin can be used
as an adjuvant in the treatment and prevention of chronic
and degenerative diseases associated with oxidative stress
in humans [14].  Thus, the betanin (E162) produced from
table beet fully meets the safety requirements for its use as
a food dye and produces a proven therapeutic effect. 

The function of betalains in table beet roots is still
unclear. It is assumed that in aboveground plant organs
they play a protective role against abiotic and biotic stres-
sors [15-17]. There is evidence that betalains form a pro-
tective barrier against infiltration by pathogenic fungi
[18,19].  We suppose that it is the defensive function of
table beet betalains that allows this root crop to safely tol-
erate unfavorable environmental conditions underground
before the onset of the next stage of ontogenesis – the
regrowth of the seed bush – and at the same time not to die
from pathogenic soil microflora.

Betalains are water-soluble tyrosine-derived pigments
assembled in two groups: betacyanins (red to violet) and
betaxanthins (yellow to orange). By their chemical struc-
ture they are alkaloids with a bright color (the only colored
ones from the group of alkaloids). Various amino and
organic acids are involved in the biogenesis of table beet
betalains. The pathways of their biosynthesis are closely
linked with each other. A number of amino acids are formed
from other amino acids. For example, valine and leucine
are synthesized from the alanine molecule, proline is
formed when glutamate is reduced, etc. The betalain pre-

Рис. 1. Водные растворы беталаинов столовой свеклы (а) и антоцианов черной моркови (б).
Fig. 1. Aqueous solutions of red beet’s betalaines (a) and of black carrot’s anthocyanins (b).
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cursor is the amino acid tyrosine (Tyr). The synthesis of the
aromatic amino acid L-tyrosine, along with tryptophan and
phenylalanine, follows the shikimate pathway and begins
with arogenic acid [20-22]. It is formed using L-glutamic
acid as an amino group donor. Then, L-arogenic acid
undergoes oxidation and decarboxylation that leads to the
formation of tyrosine, which is hydroxylated to produce
dioxyphenylalanine (DOPA). DOPA serves as a direct
source for fragments of the betacyanin molecule: betalam-
ic acid and cyclo-DOPA. The betalain structure contains a
fragment of betalamic acid. In the yellow pigments (betax-
anthins), it is bound with nitrogen-containing compounds:
proline, hydroxyproline, glycine, asparagine, histidine,
leucine, glutamine, and glutamic acid. With the formation
of purple pigments (betacyanins), the link is with cyclo-
DOPA (cyclo-3-(3,4-dihydroxyphenyl)-L-alanine) [23,24].

The focus of the research is dictated by the demand of
pigment producers for beet cultivars suitable for pigment
extraction and the requirements of plant breeders working
in this field. The plant organism synthesizes a large amount
of compounds to support its vital functions. The metabolite
profile of a particular organism is the result of cell activity at
the biochemical and molecular-genetic levels. Therefore,
its analysis can be used, inter alia, as an effective tool to
search for and assess relationships with the studied factor.
The objective of this study was to disclose the interplay
between the composition of primary metabolites and the
content of betanin in a group of promising table beet
accessions from the plant genetic resources collection
held by VIR. 

Materials and Methods
The research material consisted of 225 table beet

accessions from the VIR collection, differing in morpholog-
ical characteristics, year of inclusion in the collection, and
origin (Table 1). This set comprised improved cultivars,
hybrids, and landraces. The collection has been studied
from 2013 to 2015.

The composition of metabolites was analyzed in 2016 in
a selected promising group of 23 red beets accessions
with above average betanine content [25]. Sowing was car-
ried out in a randomized block design, with three replica-
tions for each block, on the experimental field of Pushkin
and Pavlovsk Laboratories of VIR (59°7111275´N,
30°43032647´E), Town of Pushkin, St. Petersburg, Russia.
The plantings were arranged in six-meter rows according to
the 70 × 8 cm scheme. Seeds were manually planted at a
depth of 2.5–3 cm in the third ten-day period of May. All
accessions were studied under natural environmental con-
ditions. Neither fertilization nor crop protection against
pests and diseases were applied. 

The growing season of 2016 was characterized by rather
high daytime temperatures: mean monthly air tempera-
tures from May to September exceeded the mean indices
for many years by 15–82% (Table 2). The lack of precipita-
tion in May and June (–19% and –3%, respectively) imped-
ed the development of young beet plants. Abundant rainfall
in July and August during the root development phase par-
tially compensated for the moisture deficit and made it pos-
sible to produce a standard harvest. 

Таблица 1. Страны происхождения опытных образцов столовой свеклы.
Table 1. Countries of origin for the tested table beet accessions. 

Regions of origin (number of accessions) Country of origin (number of accessions)

Europe (138)
UK (10), Ukraine (3), Belarus (11), Belgium (2), Bulgaria (7), Greece (3), Hungary (5), Germany (18),
Netherlands (30), , Denmark (7), Spain (4), Italy (6), Lithuania (4), Poland (8), Finland (4), France (7),
Czech Republic (4), Yugoslavia (2), Sweden (2)

Asia (3) Georgia (3)

Africa (3) Algeria (2), Botswana (1)

North America (35) Canada (12), Mexico (4), USA (19)

South America (2) Argentina (2),  Brazil (1)

Australia (2) Australia (2)

Russia (42) Russia (42)
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Таблица 2. Среднемесячные температуры и осадки в годы исследований.
Table 2. Mean monthly temperatures and precipitation at the experimental field 

(Pushkin and Pavlovsk Laboratories of VIR, Town of Pushkin, St. Petersburg, Russia).

Temperature , °С Precipitation, mm

2013 2014 2015 2016
long-
term 
mean

2013 2014 2015 2016
long-
term 
mean

May 16.3 15.1 14.4 17.5 9.6 80.3 67.9 54.9 17.8 37.0

June 21.6 17.0 18.1 18.0 14.5 55.8 86.9 24.4 63.8 67.1

July 20.7 22.4 18.6 19.6 17.0 90.8 21.4 116.2 174.2 84.0

August 19.5 19.7 20.0 18.2 15.2 93.6 69.0 35.3 174.3 107.0

September 12.2 15.0 14.4 13.7 10.0 33.8 29.8 32.4 34.5 55.3

Source: Department of Automated Information Systems on Plant Genetic Resources, Hydrometeorological station VIR
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Roots were collected for testing in the second ten-day
period of September. The biochemical analysis was per-
formed according to VIR’s guidelines [26]. An average
sample of 5 beet roots, crushed to 0.2 mm, was taken for
the analysis. All the data presented were calculated for
fresh weight, except the data on betanin and protein con-
tent, which are expressed in terms of absolutely dry weight.

Pyridine, tricosane, and N,O-
bis(trimethylsilyl)trifluoroacetamide were obtained from
Sigma-Aldrich (St. Louis, MO, USA); Catalyst Kjeltabs was
obtained from Foss (Höganäs, Sweden); the 42 amino acid
physiological standard and the norlecine standard were
obtained from membraPure GmbH (Henningsdorf,
Germany); betalamic acid from THE BioTek (La Puente,
CA, USA); all other chemicals were analytical-grade
reagents. Dry weight in % was measured by the gravimetric
method. A sample of fresh matter (50g) was dried in a ther-
mostat at 80ºC for 12 hours, then at 105ºС for 4 hours,
down to the constant weight. Ascorbic acid content was
measured using the technique of direct extraction from
plants (10 g) with 1% HCl solution (according to I.K. Murri),
followed by titration with 2,6-dichloroindophinol (Tillman’s
reagent), and is presented in mg/100g.

The total sugar content was measured using Bertrand’s
method, based on the ability of the reducing sugars with a
free carbonyl group to reduce copper oxide in an alkaline
solution to copper protoxide, which precipitates; a 25g
sample was taken for the analysis. Oligosaccharides were
preliminarily hydrolyzed with a 10% HCl solution. The
amount of the copper protoxide precipitate strictly corre-
sponds to the amount of sugar in the solution. The settled
copper protoxide precipitate is dissolved with iron sulfate
(oxide) in the presence of sulfuric acid; in this case, copper
protoxide is completely oxidized, and iron oxide is reduced
to iron protoxide, which, in its turn, is quantitatively oxidized
with a titrated solution of potassium permanganate. The
data are presented in %. For measuring the total acidity, a
fresh matter sample (25g) was homogenized in 250 mL of
hot distilled water, then filtered, and 10 mL was titrated with
0.1N alkali in the presence of an indicator. The results are
expressed as percentage of malic acid. The content of
betanin in table beet roots was measured by the modified
Pucher’s method [27] using an Ultrospec II spectropho-
tometer (Sweden) at the wavelength of 530 nm; its concen-
tration was calculated for pure betanin, isolated by the
method of Pucher et al. [27], and is presented here in
mg/100g.  The protein content was measured using the
Kjeldahl method [28]. Three hundred mg of an accession
(3–4 samples) was mineralized with 5 mL of concentrated
sulfuric acid and 1.1 g catalyst Kjeltabs at 420◦C for 90 min;
nitrogen was distilled on a Foss Kjeltec 2200 Auto
Distillation Unit (Höganäs, Sweden), with subsequent titra-
tion with 0.1N solution of sulfuric acid; total proteins were
calculated from the nitrogen content using factor 6.25. The
values were expressed as “% DW”.  

GC–MS profiling was implemented according to the pro-
tocol [29]. The plant material (10 mg) was extracted with
ethanol in a 1:10 ratio at a temperature of 4–5°C; 100 μL of
the extract was evaporated to dryness in a CentriVap
Concentrator (Labconco, USA). The dry residue was
dissolved in 20 μL of pyridine containing tricosane as an
internal standard (concentration: 1 μg/μL), then 20 μl of
BSTFA ([N,O-Bis(trimethylsilyl)trifluoroacetamide])

(Supelco, USA) was added [30]. To ensure the complete-
ness of the silylation reaction, the vials were incubated for
15 min at a temperature of 100°C in a special thermoblock
(DigiBlock, Laboratory Devices Inc., USA). The samples
were analyzed on an Agilent 6850 gas
chromatograph/mass spectrometer with an Agilent 5975B
VL MSD mass-selective detector (Agilent Technologies,
USA). Chromatographic separation was carried out on an
Agilent HP-5MS capillary column (USA), 30 m long, 0.25
mm inner diameter, stationary phase film thickness of 0.25
μm, in the linear temperature programming mode from 70°
to 325° at a rate of 6°/min; the carrier was high-purity heli-
um. The analysis was performed in the mode of constant
gas flow rate through the column (1 mL/min); evaporator
temperature: 300°C; injected sample volume: 1.2 μL; with
split ratio 1:20. The chromatogram was registered in the
full ion flow scan mode at 2.0 scans per second. Ionization
by electron impact was performed at 70 eV, with the ion
source temperature of 230°C. Chromatogramming started
after 4 min required for solvent removal and went on for 62
min. Compounds were identified using AMDIS software
(National Institute of Standards and Technology, USA,
http://www.amdis.net). Libraries used in the process of
analysis: NIST 2010 (National Institute of Standards and
Technology, USA, http://www.nist.gov), and the collec-
tions of standard compound mass spectra maintained by
St. Petersburg State University and the Komarov Botanical
Institute [31]. The latter two databases were developed as
the result of previous standard-based chemical determina-
tion performed at St. Petersburg University and the
Komarov Botanical Institute of the Russian Academy of
Sciences. Retention indices (RI) were estimated by cali-
brating saturated hydrocarbons with a  number of C atoms
ranging from 10 to 40. A semi-quantitative assay of metabo-
lite profiles was performed by calculating the total ion peak
areas with the internal standard method [32]  using
UniChrom software (New Analytic Systems LLC, Belarus,
www.unichrom.com). The content of the identified com-
pounds was expressed in mg/100g/fresh weight. Each
analysis was performed in two replications; average data
were produced and used in the statistical analysis.

Statistical data processing was based on MS Excel
2007, Statistica 8.0 software and R system.  The variability
in the structure of relationships between the characters
was evaluated using factor analysis. Factor loadings were
calculated using principal component analysis (PCA).
Pearson's correlation coefficient value R < 0.5 were
regarded as low, 0.51 >  R ≥ 0.7 as medium, 0.71 > R ≥ 0.9
as high, and R ≥ 0.9 as very high.

Results and Discussion 
At the first stage of the study, the diversity of table beet

germplasm maintained at VIR was assessed for the content
of betanin. The screening results showed that the studied
indicator varied within a wide range – from 13.0 to 273.6
mg/100g. The average value was 99.5 ± 5.99 mg/100g. A
dependence of the pigment content on the morphological
type of the root was traced (Table 3). The stability of the
studied trait was noted for the majority of cultivar types
(CV=8.2-29.9%). The exception was the 'Green-leaved'
variety type: CV= 40.3%. The highest mean values were
recorded for the group of accessions with subglobose-
ovoid (Bordeaux type, 110.6 mg/100g, CV = 8.2%) or sub-
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‘Chata de Egypto’, пк-3612 ‘Detroit Dark Red’, пк-579

Рис.2. Образцы столовой свеклы с максимальным (слева) 
и минимальным (справа) содержанием бетанина. Пушкин, 2016.
Fig. 2. Beet accessions with the highest (left) and lowest (right) betanin content. Town of Pushkin, 2016.

Таблица 3. Содержание бетанина у различных сортотипов столовой свеклы коллекции ВИР.
Table 3.  Betanin content in different morphotypes of red beet from the VIR collection.

Type of accessions

Erfurt Green-leaved Egyptian flat Crosby

number of accessions
Mean ± SD (mg/100g DW)
Сv, %
tfact

t0,05

8
128.2±32.2

25.1
3.99
2.36

4
95.1±38.3

40.3
2.48*
4.3

23
54.9±8.95

16.3
6.13
2.11

64
105.7±14.6

13.8
7.24
2.05

Type of accessions

Red-leaved Bordeaux Cylindrical Eclypse

number of accessions
Mean ± SD (mg/100g DW)
Сv, %
tfact
t0,05

7
114.6±34.3

29.9
3.34
2.78

81
110.6±9.1

8.2
12.1
2.0

20
37.0±7.9

21.3
4.7

3.18

18
93.2±19.6

21.0
4.76
2.45

*tfact < t0.05
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globose (Crosby type, 105.7 mg/100g, CV =13.8%) root
shapes as well as in accessions with the marker leaf color
(Red-leaved type, 114.6 mg/100g, CV =29.9%). Low-yield-
ing forms of red beets (Erfurt type) are of interest as a
source of high betanin content. They are polymorphic in
their root shapes and produce a massive rosette with thick
petioles, thus ensuring active metabolism in the plant.
Such varieties are not used for cultivation, because their
root is fibrous, coarse, and much ramified. However, they
attract attention as a genetic source for breeding high-
betanin beet cultivars.   

For the second stage of the work – the study of the char-
acteristics of primary metabolites and their relationships
with the pigment – 23 accessions were selected. All of them
demonstrated higher levels of betanin content (183.8 to
192.4 mg/100g) and suitability for the crop’s main breed-
ing trends. The highest content of betanin was found in the
accession ‘Chata de Egypto’ (k-3612) from Argentina, and
the lowest in ‘Detroit Dark Red’ (k-579) from the United
Kingdom (Figure 2). 

The most stable among biochemical parameters in the

selected set of accessions were the contents of betanin,
dry matter, protein, and ascorbic acid (CV = 1.6, 11.6,
12.06 and 26.8%, respectively). Other indicators signifi-
cantly depended on the genotype and varied over a wide
range (Table 4). 

17 free amino acids were identified in root extracts of the
studied table beet accessions using mass spectral
libraries. More than half (64%) of the total amino acid con-
tent were oxoproline (PCa) and glutamine (Gln) (35 and
29%, respectively) (Figure 3). Of the eight amino acids
essential for humans, five were found in red beet: valine
(Val), threonine (Thr), leucine (Leu), tryptophan (Trp), and
phenylalanine (Phe), plus stress-protective amino acids:
alanine (Ala), serine (Ser), proline (Pro), aspartic acid
(Asp), and tyrosine (Tyr). The lowest amounts (less than
17.7 mg/100g) were recorded for arginine (Arg), trypto-
phan (Trp), glycine (Gly), and aspartic acid (Asp) as well as
for non-proteinogenic amino acids: gamma-aminobutyric
acid (< 10.7 mg/100g) and ornithine (< 8.55 mg/100g) (not
shown in figure 3). No significant relationships between the
amino acid composition and betanin content were found. 

Таблица 4. Биохимические показатели группы образцов столовой свеклы. 2016 г.
Table 4. Biochemical parameters of the selected red beet accessions. 2016.

Parameters
Mean ± SD** , 

Median (min÷max) *
CV,%

Dry matter, % 21.91±2.54 11.6

Ascorbic acid, mg/100g FW 35.57±9.52 26.8

Total saccharides, % 7.50±4.01 54.7

Total acidity, % malic acid 0.32 (0.25÷0.37) * 80.2

Betanin, mg/100g DW 189.63±2.96 1.6

Protein, % DW 7.47±0,9 12.06

Free amino acids, mg/100g FW 221.3 (54.8÷423.3) * 82.6

Free fatty acids, mg/100 g FW 34.85 (16.82÷162.4) * 131.7

Phenolic compounds, mg/100 g FW 3.18 (1.36÷5.04) * 103.9

* The data had abnormal distribution 
** SD - standard deviation 

Рис.3. Аминокислотный профиль образцов столовой свеклы (мг/100 г).
Fig. 3. The amino acid profile of table beet accessions (mg/100g). 
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Factor analysis was used to search for regularity pat-
terns in the structure of free amino acid composition
(Figure 4). Ten amino acids, including tyrosine (Tyr), were
closely interrelated (Factor 1, 55.5% of total variance) and
participated as components in betalain biosynthesis.
Factor analysis revealed a close relationship between tyro-
sine and phenylalanine. The assumption that the level of
tyrosine should be positively correlated with betanin was
not confirmed for the group of dark-colored table beet
accessions: R = –0.14 [33]. 

In general, the amino acid composition in table beet is
closely correlated in itself, which is explained by the mutu-
al conjugation of their biosynthetic pathways (Figure 5).
The largest number of positive correlations (R ˃ 0.72) was
observed for tyrosine, alanine, and phenylalanine. Leucine
(Leu) was strongly correlated with tyrosine, phenylalanine,
and valine (R ˃ 0.9). Aspartic acid, arginine, and glutamine
were less interlinked with other amino acids. 

Table beet is rich in diverse organic acids, which
explains its distinctive taste and high antioxidant activi-

Рис. 4. Двухфакторный анализ аминокислот в образцах столовой свеклы
Fig. 4. Two-factor analysis of amino acids in table beet accessions.  (Rotation: Varimax raw. Extraction: Principal components)

Рис.5. Корреляционная матрица аминокислотного профиля столовой свеклы.
Fig. 5. The correlation matrix of the amino acid profile of red beet with increased content of betanin.
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ty. 24 organic acids were identified in the root crops of
the experimental samples (Figure 6). Their content var-
ied broadly. The group with the highest indices included
three acids: phosphoric (106.9 ± 48.6 mg/100g), malic
(77.5 ± 34.1 mg/100g), and citric (52.5 ± 51.0
mg/100g). Malic, formic and phosphoric acids demon-
strated the most stable in comparison with others (CV =
37–44%). 

All organic acids catalyze numerous processes in
plants and participate in the Krebs cycle and the synthe-
sis of other metabolites. Correlation analysis showed a
significant negative correlation of betanin with succinic
and nicotinic acids (R = –0.66 and –0.44, respectively),
and a weak negative correlation with betalamic, oleano-
lic, pyruvic, and saccharic acids (R = –0.30–0.38).
Factor analysis of the data diagnosed conjugated
groups of elements (Figure 7). In Factor 2 (45.1% of the
total variance) joint variations were observed in beta-

lamic, nicotinic and succinic acids, confirming an indi-
rect negative dependence for betanin and betalamic
acid. Presumably, when beet roots were selected for
analysis (the table beet harvesting time), metabolic
processes in beet plants subsided, and the photosyn-
thetic apparatus reduced its activity, the process of
betanin synthesis stopped due to a lack of essential
components, including betalamic acid. These chemical
changes are genetically determined and associated
with the stage of ontogenesis. Earlier, we reported that
the dynamics of betanin accumulation in table beet was
largely associated with agroclimatic growing conditions
[34]. Provocative environmental conditions that initiate
the transition of a crop to the next stage of ontogenesis
most likely cause an arrest in the pigment synthesis.
That is why high betanin levels were rarely been record-
ed for earlier-ripening table beet accessions (Egyptian
flat type) [35].

Рис. 7. Двухфакторный анализ состава органических кислот, 
показывающий вклад основных компонентов в общую дисперсию.
Fig. 7. Two-factor analysis of organic acids, showing contributions of 
principal components to the total dispersion (Rotation: Varimax raw. Extraction: Principal components)

Рис. 6. Содержание органических кислот у образцов столовой свеклы (мг/100 г).
Fig. 6. Organic acids profile of red beet accessions (mg / 100g).
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Among the widespread plant monosaccharides, the
highest amounts in the tested table beet accessions were
registered for glucose (≤ 644.5 mg/100g), fructose (≤
473.4 mg/100g), sorbose (≤ 219.1 mg/100g) and
galactose (≤ 386.3 mg/100g). The content of monosac-
charides varied within a wide range, which had been con-
firmed in our earlier studies [36]. Mannose was found only
in 6 accessions in insignificant amounts, while 99% of
oligosaccharides were represented by the nonreducible
disaccharide sucrose. Maltose, raffinose and stachyose
were present only in 30–40% of the accessions and did
not exceed 1% of the total disaccharide content. All
monosaccharides had a negative relationship (R) with the
pigment content (Table 5). The strongest negative corre-
lations were recorded for fructose and sorbose.
According to the results of the factor analysis, these
monosaccharides share the same cluster with rhamnose,
galactose and glucose. Sucrose demonstrated the high-
est content, which is most likely determined by the com-
ponents of Factor 1 (Factor contribution: 65.0%), contain-
ing mainly hexoses. A negative correlation was observed
between the contents of sucrose and raffinose (R =
–0.71). Sucrose and maltose exhibited a weak positive
correlation with betanin (R = 0.28–0.34), thus confirming
the results of the studies by Indian scientists [37]. They
investigated the activity of betalain synthesis in various
nutrient solutions of mono- and disaccharides and found a

similar relationship. On the whole, there were no strong
relationships between carbohydrates and betanin.

The total content of lipids varied from 5.34 to 438.74
mg/100g. The accessions differed significantly in their fatty
acids (FAs)  content: the maximum (438.74 mg/100g) was
recorded for the accession ‘Modana’ (k-3697, Russia); the
minimum (5.34 mg/100g), for ‘Baby Beat’ (k-3718.
Netherlands) (p < 0.05). Unsaturated oleic (C18:1, 52%)
and saturated palmitic (C16:0, 20%) acids dominated
among the FAs in table beet. Fatty acids (FAs) and their
derivatives play an essential role in the plant cell. It is known
that they are able to activate protective responses of the
organism at the transcriptional level and change the activi-
ty of intracellular proteins and metabolites [38]. Palmitic FA
plays a protective role against the stressful impacts of abi-
otic factors [39,40]. An increase in the percentage of
unsaturated FAs is an indicator of the activation of cellular
defense mechanisms under various types of abiotic stress
[41]. The membranes of cold-resistant plants contain a
large amount of unsaturated fatty acids [42]. Unfavorable
weather conditions during the growing season (Table 2)
served as a natural stressor and affected the FA composi-
tion in the tested plants: the interplay between the earliness
of a particular genotype and the accumulation of unsaturat-
ed FAs is a characteristic feature (Figure 8). The earliest
and the most cold-resistant accessions demonstrated high
levels of unsaturated FAs and a low content of betanine.

Таблица 5. Углеводный профиль образцов столовой свеклы (мг/100 г). Корреляционный и факторный анализ.
Table 5. The carbohydrate profile of red beet accessions (mg/100g). Correlation and factor analyses.

Carbohydrates Median min÷ max
Betanin,

R*

Factor loadings
(Rotation: Varimax raw. Extraction:

Principal components)

Factor 1 Factor 2

monosaccharides

arabinose 0.00 0 ÷ 6.79 –0.37 0.41 –0.15

rhamnose 0.00 0 ÷ 10.61 –0.29 0.79 0.03

ribose 0.00 0 ÷ 50.99 –0.16 0.03 0.94

lyxose 0.18 0 ÷ 30.11 –0.45 0.23 0.04

xylose 0.00 0 ÷ 96.66 –0.18 0.20 0.93

fructose 22.78 5.01 ÷ 473.40 –0.54 0.92 0.01

sorbose 21.69 0 ÷ 219.10 –0.49 0.91 –0.04

galactose 0.00 0 ÷ 386.31 –0.35 0.72 0.03

glucose 95.54 0.01 ÷ 644.47 –0.42 0.75 0.03

disaccharides

sucrose 6574.77 2069.9 ÷ 15336.1 0.34 0.68 0.25

maltose 0.00 0 ÷ 4.97 0.28 0.35 0.05

oligosaccharides

raffinose 0.00 0 ÷ 179.63 –0.02 0.42 –0.11

stachyose 0.00 0 ÷ 2.04 0.13 -0.33 0.77

Factor contribution 65% 35%

*R – Pearson's correlation coefficient
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Conclusions
The pathways of betalain biosynthesis are directly and

indirectly linked to many components. The results of this
study demonstrate close interactions among primary
metabolites in table beet. Amino acids are linked with
each other by strong positive correlations, confirming
that the pathways of their biosynthesis are closely relat-
ed. The greatest number of positive correlations with
amino acids (R > 0.72) was recorded for tyrosine, ala-
nine, and phenylalanine. The study did not identify a
direct strong relationship between the amino acid com-
position and betanin in the group of promising table beet
accessions. A significant (R = –0.66) negative correlation

of betanin with succinic acid was shown; the latter,
according to the results of the factor analysis, is associ-
ated with betalamic acid. Sucrose dominated among car-
bohydrates (95%). Sucrose and maltose exhibited a
weak positive relationship with betanin. Earlier-ripening
and cold-resistant beet accessions were characterized
by predominance of unsaturated fatty acids and lower
betanin content. 

The identified interrelations and the peculiarities of
the metabolic profile of table beet are important for
breeders who are working on the development of table
beet cultivars and hybrids with increased betanin con-
tent.
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