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Introduction 
The search and attraction of new, unconven-

tional or forgotten plant species with useful 
properties continues to be a priority in modern 
biological and agricultural science. In this 
case, the introduction of plants is an impor-
tant source of culture phytocenoses enrich-
ment [1]. It should be noted that wild and non-
traditional plants can be characterized by such 
useful properties as medicinal, food, fodder, 
energy, etc. [2, 3]. Among the wide variety of 
phytoresources, plants of the Brassicaceae fami-

ly, containing antioxidants and anticancer com-
ponents, deserve special attention for economic 
use [4]. Representatives of the Brassicaceae 
family are well known and widespread as food 
plants [5] and promising energy crops [6]. Bu-
nias orientalis L. can be distinguished among 
this large group of plants with various uses [7]. 
This species originates from Eastern Europe 
and Central Asia and slowly spreads to other 
parts of Europe after its introduction into cul-
ture in the 18th century [8]. Species of the 
genus Bunias L. exhibited antioxidant, anti-
cholinesterase, cytotoxic activities [9, 10]. Etha-
nol extracts from the aboveground phytomass of 
B. orientalis have high antioxidant, and from 
the root system – antimicrobial activity [11]. 
Studies of flavonols from the aerial part of 
B. orientalis showed increase of their concentra-
tion in flowers during the flowering stage in 
comparison with budding one [12]. Flavonoids 
are present in all tissues of B. orientalis; 
kaempferol, quercetin, and isorhamnetin are 
prevailing compounds [7]. 

At the M. M. Gryshko National Botanical Gar-
den B. orientalis has been studied over the past 
decades as a fodder and energy plant [13, 14]. 
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This culture is characterized by a valuable bio-
chemical composition, but the study of the 
characteristics of various genotypes is still a 
relevant direction for further breeding work [15]. 
This study aims to determine the biochemical 
composition of the aboveground organs of dif-
ferent B. orientalis genotypes in the conditions 
of the M. M. Gryshko National Botanical Gar-
den of the NAS of Ukraine.

Material and methods
Plant material 
The studies were carried out in the condi-

tions of the M. M. Gryshko National Botanical 
Garden of the NAS of Ukraine (NBG) during 
2017–2020. We used samples of plant organs of 
different Bunias orientalis L. genotypes (Geno-
type 1-Genotype 6), created at the NBG. The 
genotypes created by the method of multiple 
individual selection from different populations 
of plants introduced from the natural flora of 
Ukraine (except for one sample – Genotype 6, 
which was derived from a population imported 
from the Czech Republic) were investigated. 
The indicated genotypes are characterized by 
excellent biological, morphological, biochemical 
and productive characteristics. As perennial 
plants, the created genotypes of B. orientalis L. 
vegetate in one place from 4–5 to 10–12 years, 
depending on their characteristics. The gene-
rative period of development in all genotypes 
begins in the second year of vegetation.

Plant samples were selected and analyzed at 
the flowering stage, as the active phase of plant 
development, when they acquire the highest 
productivity. For analysis, 25 plants were selec-
ted from different parts of the plot. Biometric 
measurements were performed on 10 plants in 
four replicates. 

Study of plant morphometric parameters 
The following plant morphometric parame-

ters were measured: plant height (cm), stem 
diameter (mm), number of internodes, number 
of leaves on the shoot, leaf lamina length (cm), 
leaf lamina width (cm), inflorescence length 
(cm), inflorescence width (cm), the number of 
stems (pcs.). 

Biochemical analyses 
Biochemical analyses of plants were car-

ried out in the biochemical laboratory of the 
Department of Cultural Flora of the NBG. 
Dry matter was determined after drying 
plant samples at a temperature of 105 °C to 
constant weight. The ash content was inves-
tigated by burning samples in a muffle fur-
nace (SNOL 7.2-1100, Termolab) at 200–500 °C 
[16]. After the combustion of the test sample, 
the ash was used to determine the content of 

calcium and phosphorus by titration methods. 
The ash was dissolved in hydrochloric acid solu-
tion to determine the total calcium content. Af-
ter the usual procedure described in the method, 
the solution was titrated with Trilon-B with hyd ro-
xylamine and murexide [16]. 

The ash was dissolved in a nitric acid solu-
tion to determine the total phosphorus content. 
After adding molybdic acid ammonium, potas-
sium oxalate solution, the whole mixture was 
titrated with sodium hydroxide with phenol-
phthalein [17].

The total sugar content was determined by 
Bertrand’s Method using Fehling’s solutions. 
The total content of ascorbic acid was deter-
mined by Tillmans’ method [18]. The deter-
mination of β-carotene was carried out in 
extracts of gasoline Kalosh on a Unico UV 
2800 spectrophotometer [19]. Lipid content 
was identified using the Soxhlet extractor in 
petroleum ether according to Krishchenko 
[18] with minor changes. Caloric content of 
raw materials was determined on an IKA 
C-200 calorimeter (benzoic acid as a stan-
dard). 

Statistical analysis 
The obtained data are analysed using Micro-

soft Excel software and presented as average 
values and standard deviation of the mean. 
Correlation analysis was carried out using 
Pearson’s coefficient. The results are summa-
rized in Tables 1, 2 and Figures 1–6.

Results and discussion
The morphometric parameters of the inves-

tigated B. orientalis genotypes were studied 
during the flowering stage (Table 1). These 
measurements were carried out for the first 
time. 

It was revealed that the plant height varied 
from 140.9 to 157.5 cm, the stem diameter 
from 11.67 to 16.1 mm, the number of inter-
nodes from 18.7 to 25.7, the number of leaves 
on the stem from 14.11 to 21 8, leaf lamina 
length from 14.2 to 23.45 cm, leaf lamina 
width from 6.34 to 14.5 cm, inflorescence 
length from 27.4 to 45.4 cm, inflorescence 
width from 2.32 to 4.92 cm, the number of 
stems from 2.55 to 5.33, depending on the 
studied genotypes. 

Analysis of morphometric parameters re-
vealed a very strong positive correlation be-
tween the length and width of the inflores-
cence (r = 0.934), stem diameter and the num-
ber of leaves (r = 0.866), stem diameter and 
leaf lamina width (r = 0.852), the height of 
plants and the inflorescences width (r = 0.820) 
(Table 2).
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The study of biochemical indicators of agri-
cultural crops is a very important stage for a 
comprehensive assessment of plants, further 
research and selection of promising species, 
forms and varieties [15]. The study of B. orien-
talis samples showed that dry matter content 
in the aboveground phytomass ranged from 
13.58 (Genotype 1) to 16.0 (Genotype 2)%, total 
sugar content from 5.07 (Genotype 2) to 8.86 
(Genotype 1)%, lipids from 3.33 (Genotype 1) 
to 6.61 (Genotype 2)% depending on genotypic 
characteristics (Fig. 1). The acidity level ranged 
from 3.28 (Genotype 6) to 4.25 (Genotype 5)%. 
The lack of literature data on species of the 
genus Bunias complicates comparison. In this 
regard, we have compared the obtained results 
with the elaborated data of other representa-
tives of Brassicaceae. The dry matter content 
in the samples of different Camelina sativa 
genotypes was 18.13–23.38%, ascorbic acid 
207.23–410.23 mg/100 g, β-carotene 0.43–
2.23 mg/100 g, ash 5.08–8.75%, calcium 
1.008–2.633%, phosphorus 0.086–0.157%, 
sugars 4.76–8.12%. The energy value was 
3925.71–4097.00 cal/g [20].

The stud y revealed that the content of ascor-
bic acid ranged from 382.83 (Genotype 1) to 
693.82 (Genotype 3) mg/100 g and β-carotene 
from 0.94 (Genotype 2) to 3,48 (Genotype 6) 

mg/100 g (Fig. 2). In various food plants of the 
Brassicaceae family, the content of ascorbic 
acid was for Brassica oleracea var. italica – 
93.2 mg/100 g in B. rapa var. ruvo 20.1; B. ole-
racea var. gemmifera – 90.3; B. juncea var. 
juncea 70.0; B. rapa var. perviridis 130.0 and 
B. rapa var. rapa – 60.0 mg/100 g [5].

The study of ash level and its components, as 
well as the determination of the caloric content 
of phyto-raw-materials, makes it possible to 
select promising energy genotypes. Thus, 
plants with a low ash level are the most valu-
able [21]. The energy value of the phytomass 
ranged from 3337 (Genotype 5) to 3498 (Geno-
type 2) cal/g (Fig. 3). At the same time, pre-
liminary results of studies of other energy 
crops showed that the caloric content of Mis-
canthus spp. is 3811.87–4193.17 cal/g [22], 
Panicum virgatum – 3588.18–3719.22 [23], 
sugar sorghum – 2228.77–4075.62 cal/g [24]. 
The ash content in B. orientalis plants ranged 
from 6.79 (Genotype 5) to 9.2 (Genotype 4)%, 
calcium from 1.00 (Genotype 2) to 2.44 (Geno-
type 5)%, phosphorus from 1,61 (Genotype 4) 
to 2.67 (Genotype 3)%. According to Barbash 
et al. [25], the ash content in plants was 5.1%, 
cellulose 34.3%, lignin 22%.

As a result of studies on the accumulation of 
biochemical compounds in B. orientalis sam-

Table 1
Morphometric parameters of different Bunias orientalis L. genotypes at the flowering stage

Plant parameters Genotype 1* Genotype 2* Genotype 3* Genotype 4* Genotype 5* Genotype 6*
Plant height, cm 144.67±11.32 152.44±13.70 157.52±8.49 140.90±13.30 154.31±13.11 141.20±13.31
Stem diameter, mm 11.67±0.96 12.11±0.96 13.53±0.64 15.50±0.57 15.81±0.73 16.10±1.18
Number of internodes, pcs. 17.56±1.03 23.22±0.95 18.70±0.95 18.81±0.53 23.71±0.20 25.70±0.77
Number of leaves on the shoot, 
pcs. 14.11±1.27 16.44±0.17 15.71±0.64 18.30±0.64 21.82±0.26 19.20±0.44
Leaf lamina length, cm 14.20±1.43 18.05±0.93 22.42±0.35 19.51±0.16 21.86±0.33 23.45±1.67
Leaf lamina width, cm 6.34±0.24 10.18±0.90 11.78±0.54 14.52±0.72 12.90±0.11 12.53±0.77
Inflorescence length, cm 27.42±1.91 38.98±2.94 45.42±2.46 33.41±0.24 35.60±0.35 36.85±0.97
Inflorescence width, cm 2.32±0.17 3.80±0.27 4.92±0.36 3.21±0.23 3.96±0.26 3.17±0.27
Number of stems 5.33±0.22 2.55±0.18 4.11±0.32 3.4±0.23 3.81±0.21 2.61±0.13

 *Bunias orientalis L. genotypes.

Table 2 
Pearson’s correlation coefficient between morphometric parameters of different 

Bunias orientalis L. genotypes at the flowering stage
Parameter PH SD NI NL LL LW IL IW NS

SD -0.275 1
NI 0.212 0.478 1
NL -0.009 0.866 0.791 1
LL 0.209 0.774 0.514 0.655 1
LW -0.050 0.852 0.361 0.732 0.775 1
IL 0.657 0.115 0.203 0.079 0.686 0.422 1
IW 0.820 0.130 0.223 0.187 0.633 0.442 0.934 1
NS 0.101 -0.429 -0.621 -0.465 -0.546 0.590 -0.443 -0.256 1

Note. PH – plant height, SD – stem diameter, NI – number of internodes, NL – number 
of leaves, LL – leaf length, LW – leaf width, IL – inflorescence length, IW – inflorescence 
width, NS – number of stems.
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Fig. 1. The content of dry matter, lipids, sugars and the level of titratable acidity 
in the samples of different Bunias orientalis L. genotypes at the flowering stage

Fig. 2. Vitamin content in samples of different Bunias orientalis L. 
genotypes at the flowering stage

Fig. 3. Energy value and ash content in samples of different Bunias orientalis L. 
genotypes at the flowering stage
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ples a very strong positive correlation was found 
between carotene and calcium levels (r = 0.834) 
(Table 3). A strong correlation was also found 
between the accumulation of ascorbic acid              
and tannins (r = 0.675), dry matter and li-
pids (r = 0.626), carotenes and phosphorus           

(r = 0.619). A moderate correlation is observed 
between the level of dry matter and tannins             
(r = 0.596), ascorbic acid and phosphorus 
(r = 0.492), lipids and calories (r = 0.489), tan-
nins and carotene (r = 0.479), tannins and 
phosphorus (r = 0.442).

Taking into account the preliminary results 
of the correlation analysis of various geno-
types, the correlation coefficient depends on 
the species, form, varietal characteristics and 
phase of plant development [26, 27]. In addi-
tion, the correlation does not show a clear re-
lationship between two parameters, but al-
lows for a level of variability from one to the 
other.

Conclusions
Analysis of morphometric parameters re-

vealed a strong positive correlation between 
the length and inflorescence width, stem dia-
meter and the number of leaves, stem diame-
ter and leaf lamina width, the height of plants 
and inflorescences width. It was determined 
that various B. orientalis genotypes are cha-
racterized by high nutrient content, in par-
ticular, ascorbic acid and β-carotene. The 
highest dry matter and lipid content was 
found in Genotype 2, sugar in Genotype 1, 
ascorbic acid and phosphorus in Genotype 3, 
β-carotene in Genotype 6, and ash in Geno-
type 4 and titratable acidity and calcium in 
Genotype 5. 

Strong positive correlation between β-ca-
rotene and calcium, vitamin C and tannins, 
dry matter and lipids, β-carotene and phos-
phorus was defined. The obtained data can be 
used to predict and evaluate the results of 
introduction and breeding studies with Buni-
as orientalis genotypes as promising crops in 
Ukraine.

Table 3
Pearson’s correlation coefficient between morphometric biochemical parameters 

of different Bunias orientalis L. genotypes at the flowering stage
Parameter DM TSC AA TC TA C A Ñà Ð LC

TSC -0.851 1
AA 0.236 -0.459 1
TC 0.596 -0.407 0.675 1
TA 0.062 0.179 -0.372 -0.185 1
C 0.047 0.052 0.268 0.479 0.377 1
A -0.627 0.263 -0.215 -0.676 -0.573 -0.247 1
Ñà 0.253 -0.019 -0.182 0.300 0.079 0.834 -0.234 1
Ð -0.250 0.328 0.492 0.442 0.293 0.619 -0.433 0.171 1
LC 0.626 -0.787 0.018 -0.077 -0.188 -0.601 0.062 -0.335 -0.780 1
EV -0.136 -0.221 0.239 -0.384 -0.003 -0.749 0.272 -0.911 -0.216 0.489

Note. DM – dry matter, TSC – total sugar content, AA – ascorbic acid, TC – tannin content, TA – 
titratable acidity, C – carotene, A – ash, Ca – calcium, P – phosphorus, LC – lipid content, EV – energy 
value.
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Ìåòà. Âèçíà÷èòè äåÿê³ ìîðôîìåòðè÷í³ òà á³îõ³ì³÷í³ 
ïàðàìåòðè ãåíîòèï³â Bunias orientalis L. ó Íàö³îíàëüíîìó 
áîòàí³÷íîìó ñàäó ³ìåí³ Ì. Ì. Ãðèøêà ÍÀÍ Óêðà¿íè (ÍÁÑ). 
Ìåòîäè. Ðîñëèííó ñèðîâèíó B. orientalis äîñë³äæóâàëè 
â ïåð³îä êâ³òóâàííÿ (6 ãåíîòèï³â âëàñíî¿ ñåëåêö³¿ ÍÁÑ). 
Âèçíà÷åííÿ ñóõî¿ ðå÷îâèíè, çîëè, êàëüö³þ ïðîâîäèëè 
çã³äíî ç Ãðèöàºíêî òà ³í. (2003), ôîñôîð – çã³äíî ç Ïî-
÷èíêîì (1976), öóêðè, àñêîðá³íîâó êèñëîòó òà ë³ï³äè –
çã³äíî ç Êðèùåíêîì (1983), β-êàðîòèí – çã³äíî ç Ïëºø-
êîâèì (1985). Åíåðãåòè÷íà ö³íí³ñòü âèçíà÷àëàñü íà êàëî-
ðèìåòð³ IKA C-200. Äàí³ ïðîàíàë³çîâàíî ñòàòèñòè÷íî. 
Ðåçóëüòàòè. Âèñîòà ðîñëèí ñòàíîâèëà â³ä 140,9 (ãåíîòèï 1) 
äî 157,5 (ãåíîòèï 5) ñì, ä³àìåòð ñòåáëà – â³ä 11,67 (ãåíî-
òèï 1) äî 16,1 (ãåíîòèï 6) ìì, ê³ëüê³ñòü ì³æâóçë³â – â³ä 
18,7 (ãåíîòèï 1) äî 25,7 (ãåíîòèï 6) øò., ê³ëüê³ñòü ëèñòê³â 
íà ñòåáë³ – â³ä 14,11 (ãåíîòèï 1) äî 21,8 (ãåíîòèï 5) øò.,  
äîâæèíà ëèñòêîâî¿ ïëàñòèíêè – â³ä 14,2 (ãåíîòèï 1) äî 
23,45 (ãåíîòèï 6) ñì, øèðèíà ëèñòêîâî¿ ïëàñòèíêè – â³ä 
6,34 (ãåíîòèï 1) äî 14,5 (ãåíîòèï 4) ñì, äîâæèíà ñóöâ³òòÿ –
â³ä 27,4 (ãåíîòèï 1) äî 45,4 (ãåíîòèï 3) ñì, øèðèíà ñóöâ³òòÿ –

â³ä 2,32 (ãåíîòèï 1) äî 4,92 (ãåíîòèï 3) ñì òà ê³ëüê³ñòü 
ñòåáåë – â³ä 2,55 (ãåíîòèï 2) äî 5,33 (ãåíîòèï 1) øò. 
Äîñë³äæåííÿ ïîæèâíèõ ðå÷îâèí ó ïåð³îä êâ³òóâàííÿ ïî-
êàçàëî, ùî âì³ñò ñóõî¿ ðå÷îâèíè ñòàíîâèâ 13,58–16,00%, 
öóêð³â – 5,07–8,86%, òèòðîâàíà êèñëîòí³ñòü – 3,28–
4,25%, ë³ï³ä³â – 3,33–6,61%, àñêîðá³íîâî¿ êèñëîòè – 
382,83–693,82 ìã%, β-êàðîòèíó – 0,94–3,48 ìã%, çîëè – 
6,79–9,2%, êàëüö³þ – 1,00–2,44%, ôîñôîðó – 1,61–2,67%, 
åíåðãåòè÷íà ö³íí³ñòü – 3337,0–3498,0 êàë/ã. Âèñíîâêè. 
Ðîñëèííà ñèðîâèíà ãåíîòèï³â B. orientalis – ö³ííå äæå-
ðåëî ïîæèâíèõ ðå÷îâèí ó ïåð³îä êâ³òóâàííÿ. Á³îõ³ì³÷íèé 
ñêëàä ðîñëèí çàëåæèòü â³ä ãåíîòèïó òà ôàçè ðîçâèòêó. 
Ó ðåçóëüòàò³ ìîðôîìåòðè÷íèõ âèì³ðþâàíü ïîêàçàíî 
âàð³àáåëüí³ñòü äîñë³äæóâàíèõ ïàðàìåòð³â. Îòðèìàí³ äà-
í³ ìîæóòü áóòè âèêîðèñòàí³  äëÿ ïðîãíîçóâàííÿ òà îö³-
íþâàííÿ ðåçóëüòàò³â ³íòðîäóêö³éíî¿ ³ ñåëåêö³éíî¿ ðîáî-
òè ç ãåíîòèïàìè B. orientalis ÿê ïåðñïåêòèâíèõ êóëüòóð â 
Óêðà¿í³.  

Êëþ÷îâ³ ñëîâà: Bunias orientalis; ãåíîòèïè; ìîðôî ìåò-
ðè÷í³ ïàðàìåòðè; ïîæèâí³ ðå÷îâèíè.

Íàä³éøëà / Received 04.03.2021
Ïîãîäæåíî äî äðóêó / Accepted 18.03.2021


