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INTRODUCTION 

 

Biologically active compounds play an important role in the regulation of seed 

germination and sprout growth and development, particularly hormones (abscisic 

acid, ethylene) (Alberdi, Corcuera, 1991; Hermann et al., 2007), polyphenols 
(hydroxi-cinnamic acids, flavonoids, tannins, flavolignans) (Blazhey, 1977; 

Pourcel et al., 2006), coumarins (Adkins, Bellairs, Loch, 2002) and saponins 

(Vasilieva, 2000). Pericarps of sugar beet seed ball formed from walls of fruit 
during the formation of the embryo vary with the formation of various tissue 

structures: exocarp, mesocarp, and endocarp (Comparative anatomy of seeds, 

1991), which functions are due to the peculiarities of anatomical structure, 

chemical nature and distribution of metabolites. It is shown that highly active 

compounds that can significantly affect germination of sugar beet seeds (Beta 

vulgaris L.) can be found predominantly in pericarp (Chiji, Tanaka, Izawa, 

1980; Taylor et al., 2003),  especially in mesocarp tissue (Juntilla, 1976). 

The known secondary metabolites of sugar beet are mainly represented by 

isoflavones, flavonones, dihydroflavonols and their glycosides (betavulgarin, 
betagarin, irisone B) having the properties of phytoalexins (antifungal and 

antibacterial activity); betalamine alkaloids (betalamic acid as a predecessor of 

betalaines and xanthines), which are pigments and antioxidants; simple indoles 
and bisindole alkaloids, isoindoles (inhibitors of germination for Beta sp.); 

diterpenoids and triterpenoids (saponins), for example, glycosides of oleanolic 

acid, caryophyllene, hederagenin and bisdesmosites (with antibacterial, ihtiotoxic 
antiulcerogenic action) (Dictionary of Natural Products, ver.22., 2014). 

The purpose of this research was to separate the water-soluble compounds from 

the residues of sugar beet pericarps into fractions and to investigate their 
biological activity. 

 

MATERIAL AND METHODS 

 

Extraction of polar compounds  

 

The polar compounds from the pericarp residues of Ivanivskyi MS 33 hybrid 

were extracted in double-distilled water at 40 °C for 24 h (1:10).  Gel filtration 

was carried out to separate substances in a column of 9 mm in diameter and 150 

mm in height filled with Sephadex G-25. 

 

HPLC аналіз 

 
Secondary metabolite profiling was performed by DAD-RP-HPLC on  Agilent 

1100 system using 2-eluent scheme (eluent A = 0,05 M aqueous solution of 

H3PO4; B = acetonitrile), column – Agilent Poroshell® 120, 2.7 μm, 2.1×150 
mm, temperature control 20°C, sample volume 5 μl, flow rate 0.2 ml/min, 

analysis time up to 80 min, elution profile – wide range linear gradient from 0% 

B in A to 100% B in 30 min, then isocratic B with flow accelerated to 0.6 ml/min 

and column temperature increased to 40 ° C. Wavelength detection at 206, 254, 

300, 350 and 450 nm was used to determine the most organic compounds 

(including terpenoids), most of substances with aromatic structure in molecule, 
phenylpropanoids (mainly cinnamic acids), flavonoids (flavones and flavonols), 

carotenoids and chlorophylls, respectively. The spectra were recorded at peak 

maximum in the range 200-800 nm in order to elucidate the nature of secondary 
metabolites and attribute to certain groups of substances. This is not an exact 

chemical identification but the assumption based on the chromatographic 

behavior and spectra of separated components. Thus, flavones and flavonols are 
characterized by two distinct maximums at 260 and 350 nm. Lots of 

phenylpropanoids (hydroxycinnamic acids) and also isoflavones, flavanones, 

dihydroflavonols – by large maximum (often with shoulder) at 300-320 nm. 
Cinnamic itself, hydroxybenzoic acids and lignans have an absorption maximum 

in the range 280-300 nm [Dictionary of Natural Products, ver. 22.2 Copyright © 

2014 Taylor & Francis Group.  – URL: http://dnp.chemnetbase.com (2014)]. 
Reproducibility of HPLC analysis was monitored using the mixture of nine 

alkylphenones (Sigma-Aldrich) from acetophenone to myristophenon. The error 

of sample injection does not exceed 2%, while the retention time deviation 

mostly ranges within 5%. Processing and visualization of chromatograms and 

absorption spectra were carried out using Agilent ChemStation® and 
CorelDraw® software. 

 

 

Biologically active compounds of secondary metabolism are crucial for the regulation of seed germination and sprout development. The 

pericarp of sugar beet (Beta vulgaris L.) contains such substances. The research was focused on the extraction of the secondary 

metabolites and the effect of multicomponent endometabolites from sugar beet pericarps on the germination of plant seeds. The 

chemical composition of the metabolites and sugar beet pericarps was determined by thin-layer chromatography; differentiated 

separation was carried out using column chromatography and gel filtration; the total content of phenolic compounds in seed balls and 

pericarps was determined by the method of spectrophotometry. Pericarps of sugar beet contain a great number of phenolic compounds 

that have a protective function. We selected four groups of phenolic compounds of different molecular weights, the share of which 

averaged 5˗10 %. When studying the effect of aqueous extracts on radish seeds it was found that the eluents of the first volumes of 

water (3˗5 ml) showed a clear stimulating effect, while further volumes of eluents (8-9 ml) had inhibitory action. In extracts of sugar 

beet pericarps, phenols, flavonoids and their glycosides were found, which are highly active inhibitors and growth promoters and can be 

used as natural biologically active compounds. 
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Determination of phenolic compounds 
 

The total content of phenolic compounds in the extracted fractions was 

determined with the aid of spectrophotometric method (scanning 
spectrophotometer, Optizen Pop, South Korea) using the Folin & Ciocalteu's 

reagent (Sigurbjoorsson, 1995). The calibration graph was drawn in terms of 

gallic acid (Merk, Germany). 
 

Determination of flavonoids 

 
The content of flavonoids was determined spectrophotometrically (at λ = 419 

nm) through successive addition of 200 μl of the separated fractions of the extract 
to 200 μl of 0.1 M solution of AlCl3 and 300 μl of 1M  CH3COONa. The 

calibration graph was drawn in terms of quercetin (Merk, Germany) (Laboratory 

manual on pharmacognosy, 2003). 

 

Determination of phytotxic activity of metabolites 
 
The phytotoxic activity of metabolites from the pericarp residues was studied on 

pure test cultures of Chlorella vulgaris 106 on solid nutrient media. Aqueous 

extract of the pericarp residues (30 μl) was introduced into cells of 6 mm in 

diameter. Test culture was incubated in a thermostat at +25 °C. The biological 

activity of the extracted substances was evaluated in terms of growth inhibition as 

following; on the 5th, 7th and 12th day (Grodzinskii, 1983). 
 

 

 

 

 

 

Determination of bacteriostatic effect of the extracts 
 

To determine the bacteriostatic effect of the extracts, 0.1 g, 0.5 g and 1.0 g of 

pericarp  residues of Ivanivskyi MS 33 hybrid were added to 10 g of wet soil, 
thoroughly mixed and incubated in a thermostat at + 25°C for 24 h in sterilized 

test tubes. Soil sampling for the experiment was carried out in agricultural plots 

from a depth of 3˗5 cm. The experiment was carried out in five replication. The 
bacteria from the soil samples were cultured under sterile conditions on the 

Zvyagintsev nutritional medium (Zvyagintsev, 1987).  

 

Statistical analysis 

 
The results of biotests were analysed using the specialized program Image Pro-

Premier 9.1. Statistical data was processed using Statistica 6.0. 

 

RESULTS AND DISCUSSION 

 

Extraction and study of biologically active substances from pericarp 

 

 According to published data, polar chemical compounds of sugar beet pericarp 

are known to have the ability to inhibit seed germination in many plant species. 

Medium polar inhibitors include flavonoids, bisalkaloids and isoindole 

compounds (Morris, Grierson, Whittington, 1984). In previous research, we 

found that in most studied genotypes of sugar beet, pericarp of seed ball contains 
complexes of compounds with clear biologically active action. Most of those 

compounds are salts of carboxylic acids and phenolic compounds: condensed 

tannins (proanthocyanidins, isoflavones, dihydroflavonols, flavones, flavonols 
and their glycosides, as well as simple indoles, isoindoles (inhibitors of 

germination), bisindole alkaloids, diterpenoids and triterpenoids (glycosides of 

caryophyllene, hederagenin and bisdesmosites) (figure 1).  

 
Figure 1 HPLC of sugar beet pericarps extract: there are component designations:  0 – components with no retention (hydrophilic substances restrained pool (free 

organic acids, amino acids, etc.); B – betalamic acid; P – condensed tannins (proanthocyanidins);  F1 – isoflavones, flavanones, dihydroflavonols and their glycosides 

(viz. irisone B, betavulgarin, betagarin);  F2 – flavones, flavonols and their glycosides;  I1 – simple indole and bisindole alkaloids;  I2 – isoindoles (Beta germination 
inhibitor);   T –di- and triterpenoids (saponins), viz. oleanolic acid and hederagenin glycosides and bisdesmosides;  S – sterols and their esters. Abscissa – retention 

time, min, ordinate - signal detector, mAU /milli-absorbance unit. Detecting wavelengths designated five channels . 

 
Having accumulated in the tissues of the mesocarp and endocarp of seed ball the 

biologically active substances form endogenous (tissue) and exogenous 

(phytogenic spheres) biochemical barriers, the ecological significance of which is 
active regulation of the processes of seed waking up and suppressing 

phytopathogenic microorganisms at the stage of the formation of sugar beet 

sprouts (Klyachenko et al.,  2015). However, quantitative indices do not give 
any unambiguous answer to questions about the influence of the multicomponent 

system of endometabolites of sugar beet pericarp on seed germination. That is 

why their separation is needed. 
By gel filtration (Sephadex G-25 filled column) of pericarp aqueous extracts, we 

isolated four groups of phenolic substances in terms of their molecular weight. 

Results are shown in the figure 2. 
 

 

 

 

 
Figure 2 Separation of phenols (a) and flavonoids (b) of aqueous extracts of 
sugar beet pericarps using Sephadex G-25 column 
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Indicators of the ratio of phenolic compounds to flavonoids in the extracts of seed 
balls and pericarp residues had four maxima in terms of their molecular weight 

(Tab 1). 

 

 

Table 1 Distribution of phenols (Fn) and flavonoids (Fl) in the volume of solvent (n = 4) 

V, 

мл 

Pl (Sb)* Per * Per / Pl (Sb) 

Fn * Fl* Fn / Fl Fn Fl Fn / Fl Fn Fl 

1 1,6 ± 0,06 0,7 ± 0,03 2,2 ± 0,09 3,6 ± 0,15 1,1 ± 0,04 3,4 ± 0,14 2,3 ± 0,09 1,5 ± 0,06 

2 0,7 ± 0,03 0,7 ± 0,03 1,0 ± 0,04 18,4 ± 0,74 2,2 ± 0,09 8,4 ± 0,33 28,2 ± 1,13 3,2 ± 0,13 

3 13,1 ± 0,52 1,1 ± 0,04 12,2 ± 0,49 99,0 ± 3,96 10,7 ± 0,43 9,3 ± 0,37 7,6 ± 0,30 10,0 ± 0,4 

4 16,4 ± 0,65 2,0 ± 0,08 8,4 ± 0,34 77,8 ± 3,11 7,0 ± 0,28 11,1 ± 0,44 4,8 ± 0,19 3,6 ± 0,14 

5 13,6 ± 0,54 1,0 ± 0,04 13,4 ± 0,54 35,1 ± 1,40 2,8 ± 0,11 12,4 ± 0,50 2,6 ± 0,10 2,8 ± 0,11 

6 10,4 ± 0,42 1,7 ± 0,07 6,2 ± 0,25 31,3 ± 1,25 1,7 ± 0,07 18,9 ± 0,76 3,0 ± 0,12 1,0 ± 0,04 

7 10,6 ± 0,42 2,7 ± 0,11 4,0 ± 0,16 36,9 ± 1,48 2,4 ± 0,10 15,3 ± 0,61 3,5 ± 0,14 0,9 ± 0,04 

8 20,9 ± 0,84 2,0 ± 0,08 10,4 ± 0,42 41,4 ± 1,66 2,4 ± 0,10 16,9 ± 0,68 2,0 ± 0,08 1,2 ± 0,05 

9 14,0 ± 0,56 0,7 ± 0,03 19,1 ± 0,76 45,0 ± 1,80 2,8 ± 0,11 15,9 ± 0,64 3,2 ± 0,13 3,8 ± 0,15 

10 12,1 ± 0,49 0,5 ± 0,02 23,6 ± 0,94 35,7 ± 1,43 1,9 ± 0,08 18,6 ± 0,74 2,9 ± 0,12 3,7 ± 0,15 

11 5,4 ± 0,22 0,5 ± 0,02 10,2 ± 0,41 22,5 ± 0,90 1,2 ± 0,05 19,5 ± 0,78 4,2 ± 0,17 2,2 ± 0,09 

12 2,8 ± 0,11 0,7 ± 0,03 3,8 ± 0,15 20,4 ± 0,82 1,9 ± 0,07 10,9 ± 0,44 7,3 ± 0,29 2,5 ± 0,10 

13 1,9 ± 0,08 0,6 ± 0,02 3,1 ± 0,12 9,4 ± 0,38 1,0 ± 0,04 9,4 ± 0,38 4,9 ± 0,20 1,6 ± 0,06 

14 6,0 ± 0,24 0,6 ± 0,03 9,3 ± 0,37 9,2 ± 0,37 0,7 ± 0,03 13,0 ± 0,52 1,5 ± 0,06 1,1 ± 0,04 

Note: * Fn - phenolic compounds; Fl - flavonoids; Pl (Sb) – seed balls; Per - pericarp; maximum values marking successive output of a separate fraction of phenolic compounds in the process 

of gel filtration of extracts are given in bold 

 

The high content of phenols in aqueous extracts of pericarp residues compared to 
the ones of seed balls was due to better conditions for the dissolution of 

secondary metabolites in the solvent during the grinding of pericarps in the 

process of purification of sugar beet seeds.  

 

Study of phytotoxic and bacteriostatic action of endometabolites 

 

The biological activity of the isolated compounds was different in terms of type 
of action. To illustrate, the eluents of the first volumes (3 ml) of water stimulated 

the germination of radish seeds. Substances contained in the following volumes 

of eluents (4-5 ml) had inhibitory action. This indicates that there are both highly 
active inhibitors and growth promoters among the endometabolites of the sugar 

beet pericarps (figure 3). 

 
Figure 3 Influence of endometabolites of pericarp beet on germination of radish seeds: a – control treatment; b – 2-3 ml of solvent; c – 4-5 ml; d – 7-8 ml; e – 9-10 ml; 

f – 11-13 ml; bar – 20 mm; * – різниця достовірна по відношенню до контролю при р < 0.05, significant difference relative to the control p < 0.05 

 

The model of the formation of endogenous and exogenous biochemical barriers, 

which was developed by us on the basis of empirical data, was confirmed in the 
course of the experiment. Results are shown in the figure 4.  

 

 
Figure 4 Effect of aqueous extracts of pericarps on soil microorganisms and 

propagation of chlorella cells: a, b - results of soil microorganism culture from 

soil samples; c, d - when sugar beet seed balls are incorporated into the soil; e, f, 
g - aggregation of chlorella cells when adding seed ball extracts; k(c) – control 

treatment. 

 

 

When sugar beet seed residues were introduced into the soil, the number of 

microorganisms decreased. The inverse relationship was found between the 
number of colonies formed on agar nutrient medium and the concentration of 

seed ball residues per unit volume of soil.  

Consequently, water-soluble fractions in the process of gradual leaching from 
pericarp tissues can create a specific biochemical sphere in the soil around the 

seed that for some time inhibits the development of certain types of 
microorganisms and fungi that potentially can do harm to young sprouts of sugar 

beet at the early stages of their development. Sugar beet seed germination was 

increasing along with increasing soil moisture, with the number of 
microorganisms' colonies decreasing.  Results are shown in the figure 4 a-d. 

The content of biologically active compounds in sugar beet pericarps revealing 

phytoelicite properties of phytoelicitors (isoflavones, flavanones, 
dihydroflavonones and their glycosides) and seed germination inhibitors (simple 

indoles and bisindole alkaloids) allows us to consider the possibility of utilisation 

of seed residues. 
It is known that pericarp makes about 75˗85 % of seed ball (Oehme J. Rüben, 

1981). As 1 g of pericarps contains 20 to 40 mg/g phenolic compounds, 

according to our previous research (Klyachenko et al., 2015), from 1 kg of 
pericarp residues up to 40 g of phenolic metabolites, indole alkaloids and 

triterpene saponins can be extracted. In the process of purifying and coating 

seeds, seed residues will be up to 800 g/kg, consequently, the maximum amount 
of secondary metabolites that can be extracted from 1 kg of seed residues will be 
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15-30 g of valuable organic compounds of commercial interest and can be used 
as natural biologically active substances. 

 

CONCLUSION 

 

As a result of the conducted studies it was established that in the pericarp of 

sugar beet fruits there are compounds with a pronounced biologically active 
effect. In the extracts of sugar beet pericarps, there are phenols, flavonoids and 

their glycosides that are highly active inhibitors and growth promoters and 

therefore can be used as natural biologically active substances. 
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