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ABSTRACT

Background. The search for new plant raw material as a potential source of antioxidants is still ongoing. This
study aimed to evaluate the antioxidant and antimicrobial capacity of the plant raw material of Crambe spp.
during vegetation.

Materials and methods. The free radical scavenging activity and molybdenum reducing power of the ex-
tracts were used to determine antioxidant activity. The quantification of polyphenol compounds was con-
ducted with Folin-Ciocalteu reagent. Flavonoids and phenolic acids were also determined. The disc diffusion
method was used to determine antimicrobial activity.

Results. It was determined that the free radical scavenging activity, assessed using the DPPH-method, was
4.38-8.20 mg TE/g DW, the molybdenum reducing power of the extracts was 40.07—129.12 mg TE/g DW,
total polyphenol content was 20.24—-70.88 mg GAE/g DW, total flavonoid content was 5.73-29.92 mg QE/g
DW, and phenolic acid content was 3.00—-10.63 mg CAE/g DW. Antimicrobial activity depended on the stage
of growth and the part of the plant used.

Conclusion. Crambe spp. possess the antioxidant and antimicrobial potential to mean that they could be used
in pharmaceutical studies and the food industry.

Keywords: Crambe spp., polyphenols, antioxidant capacity, antimicrobial activity

INTRODUCTION

Brassicaceae Burnett is a large family with economi-  health-improving phytochemicals (Avato and Argen-
cally important plants such as Brassica L. (Comert tieri, 2015). Members of the Brassicaceae exhibit
Onder et al., 2020; Francisco et al., 2016), Cameli- various biological functions including antimicrobial,
na Crantz (Zubr, 2010), Crambe L. (Lovatto et al., antioxidant, antiviral, and anticancer, etc. (Shankar et
2017; Wang et al., 2000) etc. with a rich source of al., 2019).
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The genus Crambe L. consists of about 40 species
in the world (Francisco-Ortega et al., 2002). Plants
from this genus are mostly represented by perennial
and economically important crops. Among others, the
most common species is Crambe hispanica subsp.
abyssinica (Hochst. ex R. E. Fr.) Prina wide is used as
an oil plant, the seeds of which contain approximately
40% oil (Silva et al., 2019). In addition, the seed oil
of this plant contains erucic acid, which has the po-
tential for use in industry (Li et al., 2012). Bassegio
et al. (2016) reviewed the potential application of C.
abissinica mainly associated with the manufacture of
biodiesel. Crambe meal is an important raw material
that can contain up to 50% crude protein and has a di-
gestibility level similar to soybean meal (Samarappuli
et al., 2020). Some of the species from this genus are
promising medicinal plants (Kalista, 2017). C. mariti-
ma (sea kale) and C. hispanica subsp. abyssinica are
potential salt-tolerant crops (Francois and Kleiman,
1990; de Vos et al., 2010).

A study of the fatty acid composition showed that
a-linolenic acid in the leaves and oleic acid in the seeds
of samples of C. tataria Sebedk were the dominant fat-
ty acids (Pushkarova et al., 2016). Previous studies of
the makeup of Crambe spp. nutrients determined that
9.76-22.54% was dry matter, 6.54-33.18% was the
total content of sugars, 139.85-987.02 mg/100 g was
ascorbic acid, 0.38-2.41 mg/100 g was B-carotene,
1.28-6.47% was tannins, 3.12-6.28% was titratable
acidity, etc. during vegetation (Vergun et al., 2019b).
Among the photosynthetic pigments, the highest con-
tent of carotenoids was found in the leaves of C. kokte-
belica during fruiting (Vergun et al., 2019a).

Study of the biological activities of Crambe spp.
showed that selected species have been investigated.
Extracts of C. cordifolia plants possessed antioxidant
(Bukhari et al., 2013), antimicrobial, and hemolytic
activities (Rashid et al., 2018). The study of antioxi-
dant activity in vivo and in vitro samples of C. tataria
was higher than the ascorbic acid solution in the same
experiment (Pushkarova et al., 2016). Leaf extracts of
C. cordifolia and C. koktebelica contained chlorogenic,
ferulic, caffeic, p-coumaric, syringic, sinapic, cinnamic,
hydroxyphenyl acetic, and quinic acids, as well as neo-
hesperidin, and rutin, etc. (Marchyshyn et al., 2020).

Among the wild and cultured food plants of Bras-
sicaceae, which are used as spices and analysis of
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which might be interesting, is Armoracia rusticana
(P. Gaertn., B. Mey. & Scherb.). This is a well-known
species with a rich content of biologically active com-
pounds (Agneta et al., 2013; Tomsone et al., 2020). It
is a well-known plant with biological activities such
as antioxidant (Calabrone et al., 2015; IvaniSova et
al., 2020), and antimicrobial ones (Park et al., 2013)
that is also widely used as a food plant with a pungent
smell, intense lachrymatory odor and bitter taste (Riv-
elli et al., 2017).

This study aimed to evaluate the antioxidant and
antimicrobial capacity of the plant raw material of
Crambe spp. in the M. M. Gryshko National Botanical
Garden of the NAS of Ukraine as a potential source of
antioxidants and antimicrobial agents.

MATERIALS AND METHODS

Plant materials

In this study we investigated the above-ground part of
plants of the Crambe L. species from the experimental
collection of M. M. Gryshko National Botanical Gar-
den of the NAS of Ukraine: C. cordifolia Steven (1),
C. hispanica subsp. abyssinica (Hochst. ex R. E. Fr.)
Prina (2), C. koktebelica (Junge) N. Busch (3), C. ma-
ritima L. (4), C. steveniana Rupr. (5) at the stages of
budding, flowering, and fruiting during 2018-2019
(Fig. 1). In this study, the above-ground parts of Armo-
racia rusticana (P. Gaertn., B. Mey. & Scherb.) were
used for antioxidant activity determination and both
above-ground and below-ground parts to compare an-
timicrobial activity. For antimicrobial activity, plant
raw material was used at the start of vegetation (phase
of the leaf rosette) and the flowering stage.

Chemicals

All chemicals were analytical grade and were pur-
chased from Reachem (Slovakia) and Sigma Aldrich
(USA).

Sample preparation

0.2 g of dried plant raw material was extracted with 20
ml of 80% ethanol for 2 hours. After centrifugation at
4000 g (Rotofix 32 A, Hettich, Germany) for 10 min,
the supernatant was used for the next measurements:
antioxidant activity, polyphenols, and flavonoids.
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Fig. 1. Investigated plant species of Crambe L. genus at the flowering stage

Free radical scavenging assay (FRSA)

by DPPH-method

The radical scavenging activity of the samples was
measured using 2.2-diphenyl-1-picrylhydrazyl (DPPH)
(Sanchéz-Moreno et al., 1998). The extracts (0.5 ml)
were mixed with 3.6 ml of radical solution (0.025 g
of DPPH in 100 ml ethanol). The absorbance of the
sample extract was determined using a spectrophotom-
eter Jenway (6405UV/Vis, England) at 515 nm. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid; 10-100 mg/l; R*>= 0.988) was used as the stand-
ard and the results were expressed in mg/g Trolox
equivalents.

Molybdenum reducing power of extracts (MRP)
The reducing power of the extracts was determined
using the phosphomolybdenum method of Prieto et
al. (1999) with slight modifications. The mixture of
the sample (1 ml) of monopotassium phosphate (2.8
ml, 0.1 M), sulfuric acid (6 ml, 1 M), ammonium hep-
tamolybdate (0.4 ml, 0.1 M) and distilled water (0.8
ml) was incubated at 90°C for 120 min, then rapidly
cooled and detected by monitoring the absorbance at
700 nm using a spectrophotometer Jenway (6405UV/
Vis, England). Trolox (10-1000 mg/l; R>= 0.998) was
used as the standard and the results were expressed in
mg/g Trolox equivalents.

Total polyphenol content (TPC)

The total polyphenol content of the extracts was meas-
ured using the method of Singleton and Rossi (1965)
using a Folin-Ciocalteu reagent. 0.1 ml of each sample
extract was mixed with 0.1 ml of the Folin-Chiocalteu
reagent, 1 ml of 20% (w/v) sodium carbonate, and
8.8 ml of distilled water. After 30 min in darkness the
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absorbance at 700 nm was measured using a spectro-
photometer Jenway (6405UV/Vis, England). Gallic
acid (25-250 mg/l; R*= 0.996) was used as the stand-
ard and the results were expressed in mg/g gallic acid
equivalents.

Total flavonoid content (TFC)

Determination of the total flavonoid content was
conducted using the modified method of Shafii et al.
(2017). 0.5 ml of the sample extract was mixed with
0.1 ml of 10% (w/v) ethanolic solution of aluminum
chloride, 0.1 ml of 1 M sodium acetate, and 4.3 ml of
distilled water. After 30 min in darkness the absorb-
ance at 415 nm was measured using a spectropho-
tometer Jenway (6405UV/Vis, England). Quercetin
(0.01-0.5 mg/l; R>= 0.997) was used as the stand-
ard and the results were expressed in mg/g quercetin
equivalents.

Total phenolic acid content (TPAC)

Determination of the total phenolic acid content of the
extracts was carried out using the method of Farmako-
pea Polska (1999). 0.5 ml of sample extract was mixed
with 0.5 ml of 0.5 M hydrochloric acid, 0.5 ml Arnova
reagent, 0.5 ml of 1 M sodium hydroxide (w/v), and
0.5 ml of distilled water. The absorbance at 490 nm
was measured using a spectrophotometer Jenway
(6405UV/Vis, England). Caffeic acid (1-200 mg/l,
R*=0.999) was used as a standard and the results were
expressed in mg/g caffeic acid equivalents.

Antimicrobial activity

The ethanolic extracts of the investigated Crambe
spp. were subjected to an evaporation procedure un-
der reduced pressure at 40°C to remove the ethanol
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(Stuart RE300DB rotary evaporator, Bibby scientific
limited, UK, vacuum pump KNF N838.1.2KT.45.18,
KNF, Germany). For the next procedure, the dried
plant extracts were dissolved in dimethyl sulfoxide
(DMSO) (Penta, Czech Republic). Nine strains of mi-
croorganisms (Czech Collection of microorganisms)
were tested in this study, including three Gram-posi-
tive bacteria (Bacillus cereus CCM 869, Clostridium
perfingens CCM 4435, Staphylococcus aureus subsp.
aureus CCM 4223), three Gram-negative bacteria
(Haemophilus influenza CCM 4456, Klebsiella pneu-
moniae subsp. pneumoniae CCM 4415, Salmonella
enterica subsp. enterica CCM 7189), and three yeasts
(Candida albicans CCM 8215, C. glabrata CCM
8270, C. tropicalis CCM 8264). The microorganism
strains were grown in Mueller-Hinton agar (MHA,
Biolife, Italy) in plates at a temperature of 37°C. The
antimicrobial activity of each extract was determined
using the disc diffusion method. 100 pl of microbial
suspension was spread and grown in 1 ml of fresh
media until they reached approximately 10° cells per
ml. After this, 100 pl of microbial suspension was
spread onto Mueller Hinton agar plates. The extracts
were tested using 6 mm sterilized filter paper discs.
The plates were incubated at 37°C for 24 hours. Blank
discs were impregnated with Ampicillin (10 pg/disc,
Oxoid, UK) for Gram-positive bacteria and yeasts,
and Gentamicin (10 pg/disc, Oxoid, UK) for Gram-
-negative bacteria as a positive control. A 1% solution
of DMSO (dimethyl sulfoxide) was used as a negative
control. The diameter of the inhibition zone was meas-
ured in millimeters. Each antimicrobial assay was per-
formed in triplicate.

Statistical analysis

The statistically treated data are given in tables as the
arithmetical mean values and their standard errors.
Data were submitted using ANOVA and the differences
between means compared through the Tukey-Kramer
test (o = 0.05). Correlation analysis was performed us-
ing Pearson’s criterion.

RESULTS AND DISCUSSION
Plant raw material, such as leaves, stems, roots, fruits,

seeds, and peels, is a valuable source of antioxidants.
Natural antioxidants are widely distributed in food and
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medicinal plants and exhibit sprawling biological ef-
fects such as anti-inflammatory, anti-aging, anti-ather-
osclerosis, and anticancer (Xu et al., 2017). The main
group of natural antioxidants is phenolic compounds
that are widely distributed in the plant world and in-
volved in oxidative-reduction processes (Babenko et
al., 2019). There are numerous methods to determine
the antioxidant activity in plant extracts, among which
the DPPH scavenging assay (Moharram and Youssef,
2014; Prior et al., 2005) and phosphomolybdenum
methods (Alam et al., 2013; Gulcin, 2020) are widely
used. Plants from Brassicaceae are characterized by
a high antioxidant capacity when raw due to their

content of vitamins, carotenoids, and phenolic com-
pounds, etc. (Podsedek, 2007).

Free radical scavenging assay

Among other methods, the scavenging of the stable
radical (DPPH) assay is based on the measurement of
the scavenging ability of antioxidants against a radical
solution that is also a simple and rapid test (Sanchéz-
-Moreno, 2002). The antioxidant activity of the inves-
tigated extracts, measured using the DPPH method,
was from 4.38 (C. koktebelica, budding stage) to 8.20
(C. koktebelica, flowering stage) mg TE/g DW (Fig. 2).
For the budding, flowering, and fruiting, we found the
FRSA to be 4.38-8.19, 4.40-8.20, and 5.73-8.07 mg
TE/g DW, respectively. In this experiment, the 4. ru-
sticana extracts showed FRSA from 6.56 to 9.11 mg
TE/g DW. The highest value of its extracts was ob-
tained at the budding stage among all investigated
plants. At the flowering and fruiting stages, the best
results were obtained for C. koktebelica and C. hispa-
nica subsp. abyssinica, respectively.

Bukhari et al. (2013) determined the free radical
scavenging activity of the methanolic extracts of C. cor-
difolia as 1106.65 pg/ml as compared to 21.69 pg/ml of
ascorbic acid. Dubie et al. (2013) determined the anti-
oxidant activity using DPPH assay in water and meth-
anol extracts of Brassica juncea seed meal as 4.59 and
6.51 mg/g sinapic acid equivalent. Tomsone and Kru-
ma (2017) detected the DPPH scavenging activity for
A. rusticana leaf extracts during vegetation as 37.13—
73.38 mM/100 g TE DW. The FRSA of other repre-
sentatives of Brassicaceae, such as Bunias orientalis,
at the stage of flowering was 8.94 mg TE/g DW in the
ethanol extracts (Vergun et al., 2018). This parameter
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Fig. 2. Free radical scavenging activity using the DPPH-method of ethanol ex-
tracts of Crambe spp. during vegetation (different superscripts in each column
indicate significant differences in the mean at P <0.05): TE — Trolox equivalent

for Brassica campestris and Sinapis alba leaf extracts
was 8.17 and 7.15 mg TE/g DW, respectively (Vergun
et al., 2019c).

Molybdenum reducing power of extracts

Determination of the antioxidant activity using the
phosphomolybdenum method along with other assays
allows the identification of the antioxidant capacity of
plant raw material. The obtained results of antioxidant
capacity can be expressed as a-tocopherol or Trolox
equivalent (Gulcin, 2020). The MRP of the investi-
gated extracts was from 40.07 (C. maritima, budding
stage) to 129.13 (C. steveniana, fruitage) mg TE/g
DW (Fig. 3). At the budding, flowering, and fruiting
stages we determined 40.07-105.06, 62.01-111.19,

and 64.34-129.13 mg TE/g, respectively. The 4. ru-
sticana extracts demonstrated an increase in MRP
from the budding to the flowering stage and follow-
ing a decrease in flowering to fruiting. A comparison
of the obtained results of all the investigated extracts
showed that at the budding stage similar values of
MRP occurred for A. rusticana as well as for C. hi-
spanica subsp. abyssinica. At the flowering stage, this
parameter was the highest for 4. rusticana extracts,
and at fruiting, C. steveniana and C. maritima showed
higher values than A. rusticana. The extracts of C.
koktebelica and C. cordifolia demonstrated similar
results.

Bukharietal. (2013) determined antioxidantactivity
in C. cordifolia extract using the phosphomolybdenum

Fig. 3. Molybdenum reducing power of ethanol extracts using the phospho-
molybdenum method of Crambe spp. during vegetation (different superscripts
in each column indicate significant differences in the mean at P < 0.05): TE —

Trolox equivalent
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method as 205.73 pg/mg a-tocopherol equivalent.
The reducing power of 4. rusticana leaf extracts dur-
ing vegetation was 2638-9573 mg/100 g of ascorbic
acid equivalent DW (Tomsone and Kruma, 2017).
The MRP of the ethanol extracts of Bunias orientalis
showed the result of 184.59 mg TE/g DW (Vergun et
al., 2018). In addition, ethanol leaf extracts of Bras-
sica campestris and Sinapis alba showed an MRP of
91.94 and 148.43 mg TE/g DW, respectively (Vergun
et al., 2019c).

Total polyphenol content

Polyphenol compounds are natural phytochemicals
that form a major group of semi-water-soluble com-
pounds which are generally found in nature as gly-
cosides (Rasouli et al., 2017). Plants are a valuable
source of polyphenols and crops from Brassicaceae
are not an exception (Sikora et al., 2008).

The TPC of the investigated extracts of Crambe
spp. during vegetation was from 20.24 (C. koktebelica,
budding stage) to 70.88 (C. cordifolia, budding stage)
mg GAE/g DW (Fig. 4). The TPC in the extracts of 4.
rusticana decreased during vegetation as it did in the
extracts of C. cordifolia and C. hispanica subsp. abys-
sinica but values of this parameter were less. The TPC
increased in plants of C. koktebelica and C. maritima
during vegetation, where C. maritima accumulated
these compounds 3 times more during fruiting than at
the budding stage.

Rashid et al. (2018) investigated root extracts of
C. cordifolia in different solvents and determined the

TPC in methanol extracts to be 210.3 pg GAE/mg,
chloroform extracts 122.5 pg GAE/mg, ethyl acetate
extracts 35.1 ug GAE/g, and hexane extracts 10.7 pg
GAE/mg DW. Due to less investigation of Cram-
be spp. polyphenol content and antioxidant activity,
these were used to compare with other species from
Brassicaceae in this study. Beevi et al. (2010) inves-
tigated different extracts of Raphanus sativus leaves
and determined the TPC in water and methanol ex-
tracts to be 34.16 and 86.16 mg/g catechin equivalent,
respectively. Deveci and Uzun (2011) identified TPC
in the leaves of Spinacia oleracea L. at 119.88 mg
GAE/100 g FW. Bukhari et al. (2013) found TPC in
water extracts of C. cordifolia as 10.60 ng/g pyrocat-
echol equivalent. Dubie et al. (2013) determined the
TPC in water and ethanol extracts of Brassica juncea
seed meal to be 11.56 and 8.00 mg/g of sinapic acid
equivalent. Goyeneche et al. (2015), in the leaf extracts
of R. sativus, identified 695.07 mg GAE per 100 g
DW of TPC. Leaf extracts of 4. rusticana showed
TPC of 1235-2705 mg GAE/100 g DW during vegeta-
tion (Tomsone and Kruma, 2017). For Bunias orien-
talis ethanol extracts, this parameter was 52.88 mg
GAE/g DW, which was determined at the flowering
stage (Comlekcioglu, 2019; Vergun et al., 2018). The
TPC was determined for five species of Isatis as being
between 8.90 and 19.16 mg GAE/g. In leaf extracts of
Brassica campestris and Sinapis alba TPC was identi-
fied as 41.69 and 73.58 mg GAE/g DW, respectively
(Vergun et al., 2019¢).

Fig. 4. The total content of polyphenol compounds of ethanol extracts of
Crambe spp. during vegetation (different superscripts in each column indicate
significant differences in the mean at P < 0.05): GAE — gallic acid equivalent
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Fig. 5. The total flavonoid content of ethanol extracts of Crambe spp. during
vegetation (different superscripts in each column indicate significant differ-
ences in the mean at P < 0.05): QE — quercetin equivalent

Total flavonoid content
Flavonoids are a large group of polyphenol com-
pounds that are extensively distributed in plant raw
material and are very effective antioxidants. They in-
clude flavones, flavanols, flavanones, and chalcones
represented in the tissues of higher plants (Gulcin,
2020). In our research, the total content of flavonoids
(TFC) was from 5.73 (C. hispanica subsp. abissinica,
budding stage) to 29.92 (C. steveniana, fruitage) mg
QE/g DW (Fig. 5). Accumulation of flavonoids dur-
ing vegetation for all investigated species was uneven.
Plants of species of C. koktebelica, C. maritima, and
C. steveniana contained a maximal level of flavonoids
at the fruiting stage before the death of generative
shoots. The TFC in 4. rusticana plants decreased from
budding to fruiting. The maximal content of TFC at
the budding stage was identified in extracts of C. cor-
difolia and A. rusticana, at the flowering stage for C.
hispanica subsp. abissinica, and at the fruiting stage
for C. koktebelica, C. maritima, and C. steveniana.
According to Aguinagalde and Gomez-Campo
(1984), in the plant extracts of Crambe spp. kaempfer-
ol, quercetin, apigenin, luteolin, etc. were identified.
The TFC of the ethanol extracts of C. cordifolia in the
report of Bukhari et al. (2013) was 1.43 mg QE/mg.
Rashid et al. (2018) investigated root extracts of
C. cordifolia in different solvents and determined the
TFC in methanol extracts to be 75.5 pg QE/mg, hexane
extracts 7.09 ug QE/mg, chloroform extracts 48.2 pg
QE/mg, and ethyl acetate extracts 18.8 ug QE/mg of
dry weight. In extracts of another species, 4. rustica-
na, TFC was found from 2486 to 11 697 mg/100 g of
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catechin equivalent (Tomsone and Kruma, 2017). The
comparison with other Brassicaceae species showed
the presence of 1042.73 mg QE/100 g TFC in the leaf
extracts of Raphanus sativus (Goyeneche et al., 2015).
Bunias orientalis extracts demonstrated TFC at the
stage of flowering of 39.91 mg QE/g DW (Vergun et
al., 2018). Extracts of Isatis spp. contained flavonoids
from 115.6 to 430.6 pg QE/g (Comlekcioglu, 2019).
In the leaf extracts of Brassica campestris and Sinapis
alba TFC of 28.37 and 62.91 mg QE/g, respectively,
was found (Vergun et al., 2019c).

Total phenolic acid content
Phenolic acids are a class of polyphenol compounds
that are widely distributed in plants and plant food.
The content of these compounds in vegetables and
fruits causes a potential protective role against dam-
age by oxidative diseases (Gulcin, 2020). The TPAC
of the investigated extracts of Crambe spp. during
vegetation was from 3.00 (C. hispanica subsp. abis-
sinica, budding stage) to 10.63 (C. maritima, fruiting)
mg CAE/g DW (Fig. 6). The content of TPAC of 4.
rusticana extracts decreased from the budding stage
to fruiting, as did TPC and TFC. An increase of TPAC
from budding to fruiting was observed in extracts of
C. steveniana. The peak of accumulation of TPAC
was found at the budding stage for C. cordifolia, at the
flowering stage for C. hispanica subsp. abissinica and
C. koktebelica, and at the fruiting stage for C. mariti-
ma and C. steveniana.

As shown in other reports, the TPAC of Bunias
orientalis extracts, for example, was 11.29 mg CAE/g
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Fig. 6. The total content of phenolic acids of ethanol extracts of Crambe spp.
during vegetation (different superscripts in each column indicate significant
differences in the mean at P < 0.05): CAE — caffeic acid equivalent

DW at the stage of flowering (Vergun et al., 2018). For
the leaf extracts of Brassica campestris and Sinapis
alba the TPAC was 4.87 and 9.15 mg CAE/g DW, re-
spectively (Vergun et al., 2019c¢).

Overall, the investigation of polyphenol compound
accumulation in all Crambe species was uneven de-
pending on the stage of growth, which could be con-
nected with the biological peculiarities of these plants
as perennial (besides C. hispanica subsp. abissinica)
and their ability to create numerous shoots during the
budding and flowering stages. Evidently, this ability can
affect the distribution of biologically active compounds,
however, it is necessary to investigate this more deeply.

In this study, the results of correlation analysis
concerning polyphenols and antioxidant activity are
presented. As the parameters of antioxidant activity in
Crambe spp. extracts were affected by stages of growth
and species, the antioxidant activity also changed. To
determine the contribution of different polyphenol
compounds to the molybdenum reducing power and
free radical scavenging activity, and the relationship
between antioxidants markers, correlation analyses
were conducted independent of species but related to
the phase of growth. The correlation between antioxi-
dant activity and polyphenol compounds in the plant
extracts depends on their phenolic composition and
the different methods used based on different reaction
mechanisms (Tusevski et al., 2014). Very strong corre-
lation was found between TPAC and FRSA (= 0.907)
and between TFC and FRSA (» = 0.885) at the bud-
ding stage and between TPAC and TFC (r = 0.851)
at the fruiting stage (Table 1). Strong correlation
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Table 1. Pearson’s correlation coefficients for investigated
parameters of Crambe spp.

Parameter TPC TFC TPAC FRSA
Budding

TFC 0.699** 1

TPAC 0.423* 0.744%** 1

FRSA 0.536* 0.885%* 0.907** 1
MRP —0.169* —0.432* —0.775**  —-0.473*
Flowering

TFC 0.439* 1

TPAC —0.165%* 0.489* 1

FRSA —0.231* 0.209%* 0.777** 1
MRP —0.515%* —0.685%* 0.217* 0.557*
Fruitage

TFC 0.383* 1

TPAC 0.717** 0.851** 1

FRSA —0.053* —0.174* 0.080* 1
MRP 0.791%*  —0.249* 0.161* 0.020*

TPC - total polyphenol content, TFC — total flavonoids content,
TPAC - total phenolic acid content, FRSA — free radical scav-
enging assay, MRP — molybdenum reducing power.

* Correlation is significant at the level of 0.05.
** Correlation is significant at the level of 0.01
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between TPAC and FRSA (»=0.777), TFC and TPAC
(r=0.744), TPAC and TPC (r=0.717), and TPC and
TFC (r = 0.699) was found at the budding stage.

Correlation analysis was also performed for each
species and showed differences in the accumulation of
investigated compounds. So, in extracts of C. cordifo-
lia a very strong correlation was found between TFC
and TPAC (r = 0.997), FRSA and MRP (r = 0.987),
TPAC and FRSA (r = 0.902), TFC and FRSA (r =
0.871), and TPAC and MRP (r = 0.823). A strong
correlation was determined between TPC and TFC
(r=10.764), TPC and TPAC (r=0.718).

A very strong correlation in the C. hispanica sub-
sp. abissinica extracts was found between the follow-
ing parameters: TFC and FRSA (» = 0.947), TFC and
TPAC (r = 0.934), and TPC and MRP (r = 0.921).
A strong correlation was determined between TPAC
and FRSA (r=0.772).

A very strong relation in the C. koktebelica extracts
was determined between the following investigated
parameters: FRSA and MRP (» = 0.984), TPC and
TFC (r = 0.978), TPAC and MRP (r = 0.943), TPAC
and FRSA (» = 0.870), TPC and FRSA (r = 0.811).
A strong correlation was detected between TPC and
MRP (r = 0.694), and TFC and FRSA (r = 0.673).

For C. maritima a strong correlation was found be-
tween TPC and MRP (r = 0.973), TPAC and FRSA
(r=0.954), TFC and TPAC (» = 0.841), and TPC and
TFC (r = 0.834). A strong correlation was determined
between TFC and MRP (r = 0.686), and TFC and
FRSA (r=0.641).

A very strong correlation was found between TPAC
and MRP (r = 0.997), TFC and MRP (» = 0.987), and
TFC and TPAC (» = 0.972) in extracts of C. stevenia-
na. A strong relationship between the investigated pa-
rameters was found for TPC and TPAC (r = 0.786),
TPC and MRP (r = 0.738), and TPC and TFC (r =
0.620). A significant correlation between the antioxi-
dant activity and polyphenol compounds of Crambe
spp. demonstrated that MRP and FRSA depended on
the phenolic constituents. These results suggest that
relationships between the investigated parameters de-
pend on the species rather than on the stage of growth
since in some cases, analyzing concrete species, the
correlation between antioxidant activities and differ-
ent groups of polyphenols was higher than in gener-
alized analysis. In addition, the strong relationship
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between the investigated parameters depended on the
antioxidant activity assay. It is interesting that the in-
terrelationship between all groups of polyphenols and
between all polyphenols and FRSA for A. rusticana
was very strong (r = 0.954-0.999), while a moderate
correlation was found between TPAC and MRP (r =
0.439). A weak or strong negative correlation between
the investigated parameters may suggest that a strong
correlation of FRSA and MRP in the Crambe spp.
extracts was caused by other compounds rather than
groups of polyphenols.

Tomsone and Kruma (2017) reported a strong posi-
tive correlation between TPC, TFC, DPPH scavenging
activity, and the reducing power of 4. rusticana ex-
tracts. We found a moderate correlation between these
parameters at the flowering stage (» = 0.557). It should
be noted that different methods of antioxidant activity
determination can be correlated (Muzykiewicz et al.,
2020).

Antimicrobial activity

The antimicrobial properties of ethanolic extracts of
Crambe spp. were determined in above-ground parts
and below-ground parts (Tables 2—4) of the plants.
One of the most common methods to evaluate the an-
timicrobial potential of plant extracts is the disc diffu-
sion method (Balouiri et al., 2016). Ethanol extracts
of plants from Brassicaceae showed significant anti-
microbial activity against selected pathogens (Prasad,
2014). For example, different extracts of Brassica ole-
racea var. capitata rubra showed inhibition against
Bacillus subtilis, Staphylococcus aureus, etc. (Aysh-
warya and Sudha Rameshwari, 2015).

At the start of vegetation, plant extracts of the
above-ground parts of C. cordifolia and C. koktebelica
weren’t active against microbial strains. In this period,
C. hispanica subsp. abissinica extracts showed an in-
hibition effect against Staphylococcus aureus subsp.
aureus, Bacillus cereus (Table 2). C. steveniana ex-
tract inhibited Haemophilus influenzae and Bacillus
cereus. In other cases, inhibition of microbial strains
wasn’t found. Extracts of 4. rusticana also weren’t ef-
fective against microbial strains at the start of vegeta-
tion, except Salmonella enterica subsp. enterica.

At the flowering stage, inhibition activity of the
above-ground parts of the investigated plant extract
was slightly higher. C. cordifolia and C. maritima
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Table 2. Antibacterial activity of ethanol extracts of the above-ground parts of Crambe spp. by disc diffusion method, mm

Klebsiella
- Staphylococcus . Salmonella
. . Clostridium Haemophilus preumo- .
Species Bacillus cereus aureus . . enterica
perfingens influenzae niae subsp. .
subsp. aureus . subsp. enterica
pneumoniae
Start of vegetation
C. cordifolia ND ND ND ND ND ND
C. hispanica 2.60 £0.70a ND 1.60 +0.70 ND ND ND
subsp. abissinica
C. koktebelica ND ND ND ND ND ND
C. maritima ND ND ND ND ND ND
C. steveniana 1.40 £0.70b ND ND 1.30 +0.48 ND ND
Armoracia rusticana ND ND ND ND ND 1.20 +0.42
AMP/GEN 21.17 +1.17b 21.50 £1.39b 22.12 +1.18a 21.50 +1.87b 20.67 +1.03¢ 21.67 £1.63b
DMSO ND ND ND ND ND ND
Flowering
C. cordifolia 13.20 £1.99a 2.20£1.03a 11.20 £1.55a 1.10 £0.32a 1.80 +£0.63b 4.10 £1.20a
C. hispanica 2.10 +0.99b 1.60 £0.52 7.10 £1.10b ND ND 4.70 £0.95a
subsp. abissinica
C. koktebelica 3.30+£0.48b 2.90 £0.88a 12.70 +1.42a ND 1.20 £0.42 2.70 £1.16b
C. maritima 1.08 £1.03¢ 3.00 £1.15a 5.10 £0.99¢ 2.20+1.32a 3.80 +£0.79a 2.00 £0.82¢
C. steveniana 2.60 +1.51b ND 12.40 +£1.90a ND ND 1.40 £0.52
Armoracia rusticana 1.20 £0.42¢ ND ND ND ND 1.50 £0.47¢
AMP/GEN 20.50 £1.05b 20.33 £1.51b 22.47 +1.73a 20.00 +£1.41b 21.33+1.37a 20.17 £1.17b
DMSO ND ND ND ND ND ND

ND — not detected inhibition, AMP — Ampicillin, GEN — Gentamicin, DMSO — dimethyl sulfoxide.
Different letters in each column indicate significant differences in the mean at P < 0.05.

showed activity against all investigated microbial
strains (1.10-13.20 and 1.08-5.10 mm, respectively).
C. hispanica subsp. abissinica extracts showed inhibi-
tion effects (1.60-7.10 mm) against 7 strains, except
Haemophilus influenzae and Klebsiella pneumoniae
subsp. pneumoniae. C. koktebelica inhibited the
growth of microbial strains on 1.20-12.70 mm, except
Haemophilus influenzae. C. steveniana showed an an-
timicrobial effect from 1.40 to 12.40 mm, except on
Clostridium perfingens, Haemophilus influenzae, and
Klebsiella pneumoniae subsp. pneumoniae. Extract of
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A. rusticana at the flowering stage had low effective-
ness against Salmonella enterica subsp. enterica and
Bacillus cereus.

In total, ethanol extracts of Crambe spp. under-
ground parts were more effective against microbial
strains than above-ground parts (Table 3). Extracts of
C. cordifolia showed activity against microbial strains
at the start of vegetation and the flowering stage of
2.40—4.00 mm and 4.40-16.10 mm, with C. hispanica
subsp. abissinicaat 1.70-3.10 mmand 4.70-11.10 mm,
C. koktebelica at 1.70-7.50 mm and 4.60—-13.10 mm,
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Table 3. Antibacterial activity of ethanol extracts of the underground parts of Crambe spp. by disc diffusion method, mm

Klebsiella

Species Bacillus cereus Clostridium StapZZioeCMchuS ngmop hilus preumo- enfgjzznsillﬁp.
perfingens subsp. aureus influenzae niae sub%p. enterica
pneumoniae
Start of vegetation
C. cordifolia 2.40 £0.52¢ 2.50+0.71a 4.00 +£0.82a 3.30 +£0.67a 3.90 +£0.99b 3.60 +0.84b
C. hispanica 3.10 £0.74b 2.70 £0.67a 2.60 £0.84c 1.70 £0.67¢c ND 1.70 £0.67¢
subsp. abissinica
C. koktebelica 1.70 £0.67 2.80 +£0.63a 4.70 £0.95a 3.60 £0.97a 3.90 £0.99b 7.50 £0.97a
C. maritima 4.40 £1.26a 1.30 +0.48b 4.30 £0.82a 2.30 +0.48b 3.30 +£0.82b 7.50+0.71a
C. steveniana 1.50 +0.53¢ 2.50+0.71a 3.90 £0.57b 2.40 £0.52b 4.60 £1.07a 6.80 +£0.79a
Armoracia rusticana  3.00 £0.94b 2.10 £0.74a 4.80 £0.63a 2.30+0.67b 1.90 +£0.74c 2.00 +£0.82b
AMP/GEN 22.17 +1.47a 21.67 £1.03b 19.67 £1.03¢ 20.00 +£0.89¢ 21.67+1.03b  23.33+1.21a
DMSO ND ND ND ND ND ND
Flowering
C. cordifolia 4.50 £1.08¢c 4.40 £0.84d 16.10 £0.74a 6.90 £1.37b 4.60 £2.22¢ 5.80 +£0.42¢
C. hispanica 6.10 £1.45b 10.70 +£0.82a 11.10 £0.99b 4.70 £0.67¢ ND 8.70 £0.67b
subsp. abissinica
C. koktebelica 4.60 £0.52¢ 7.50 +£1.84b 9.30 +£1.06¢ 8.30 +£0.67a 9.00 £0.47a 13.10 +1.45a
C. maritima 9.30 £0.95a 5.90 +£0.57¢ 12.30 +£1.64b 5.80+1.14 7.40 £1.51b 13.80 +£1.55a
C. steveniana 3.30+0.67c 5.60 £0.97¢c 8.20 +0.79¢ 7.50 £0.97a 9.10 +£0.57a 12.60 £1.71a
Armoracia rusticana  9.70 £0.95a 10.10 +1.52a 10.70 +1.16b 7.80 +£1.40a ND 13.70 +2.10a
AMP/GEN 21.77 £1.10b  21.33 £0.98b 22.50 +1.05a 21.92+0.86b  20.52 +0.78c 22.15+1.23a
DMSO ND ND ND ND ND ND

ND — not detected inhibition, AMP — Ampicillin, GEN — Gentamicin, DMSO — dimethyl sulfoxide.
Different letters in each column indicate significant differences in the mean at P < 0.05.

C. maritima at 1.30-7.50 mm and 5.80-13.80 mm,
C. steveniana at 1.50—6.80 mm and 3.30-12.60 mm,
respectively, depending on microbial strains. Extracts
of C. hispanica subsp. abissinica acted against Kleb-
siella pneumoniae subsp. pneumoniae in both periods
and 4. rusticana extracts were ineffective against this
microbe at the flowering stage. In addition, the high-
est antimicrobial activity of A. rusticana extracts was
found against Bacillus cereus.

The best anticandidal activity at the start of veg-
etation in the investigated extracts was observed in

www.food.actapol.net/

C. maritima (6 mm) in the underground parts against
Candida albicans (Table 4). A. rusticana extract also
showed the best inhibition (7.10 mm) in this period
in the underground part. It should be noted that the
above-ground part extracts of C. cordifolia, C. kok-
tebelica, C. steveniana, and A. rusticana weren’t ef-
fective against three Candida strains at the start of
vegetation.

At the flowering stage, the highest anticandidal ac-
tivity was identified for C. hispanica subsp. abissinica
against Candida albicans (11.90 mm). A. rusticana
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Table 4. Anticandidal activity of ethanol extracts of Crambe spp. by disc diffusion method, mm

Above-ground part extracts

Underground part extracts

Species Candida Candida Candida Candida Candida Candida
albicans glabrata tropicalis albicans glabrata tropicalis

Start of vegetation
C. cordifolia ND ND ND ND 1.30 £0.48b 2.40 £0.52a
C. hispanica 4.70 £0.67a 6.60 +£0.70a 1.40 £0.52 3.60 £1.07¢ 1.80 +£0.79b 1.50 +£0.53b
subsp. abissinica
C. koktebelica ND ND ND 5.80 £1.55b 2.50+0.71a 2.90 +£0.99a
C. maritima 3.50 £0.97b 2.40 +0.84b ND 6.00 £0.82a 3.30+0.48a 2.60 +£0.52a
C. steveniana ND ND ND 5.20 £0.79b 2.50+0.53a 1.90 £0.88b
Armoracia rusticana ND ND ND 7.10£1.29a 2.80£0.79a 1.90 £1.10b
AMP 21.77+2.25b  21.50+1.05b  22.15+1.19a 21.50 +1.05b 19.67 +0.82¢ 21.00 +£1.41b
DMSO ND ND ND ND ND ND
Flowering
C. cordifolia 8.30 £0.67a 8.70 £1.16a 4.60 +1.17a 1.80 +0.79¢ 2.90 +0.57d 4.20+0.42¢
C. hispanica 7.90 +£0.88a 3.70 +£0.82b 2.10 +£1.37b 11.90 £1.60a 5.20 £0.79¢ 8.30 +0.82b
subsp. abissinica
C. koktebelica 6.90 +1.20b 2.10 +£0.57¢ ND 8.50 £0.53b 5.60 £0.70c 7.30 £1.06b
C. maritima 7.70 £0.95a 7.40 £0.97a 2.70 +£1.16b 10.50 +2.68a 7.30£0.95b 5.00 £0.67¢
C. steveniana 8.30 +0.67a 2.20 +£0.79¢ ND 7.40 £0.97b 6.30 £0.95b 4.90 +£0.74¢
Armoracia rusticana ND ND ND 12.10 £2.28a 9.10 £0.99a 11.80 £1.69a
AMP 21.83 +1.60a 21.17 +1.17a 20.174£0.75b  21.33 £0.88a 20.05+0.81b  21.12+1.17a
DMSO ND ND ND ND ND ND

BC — Bacillus cereus, CA — Candida albicans, CG — Candida glabrata, CT — Candida tropicalis, CP — Clostridium perfingens,

ND — not detected inhibition.

Different letters in each column indicate significant differences in the mean at P < 0.05.

extract showed the best result of inhibition among all
the investigated extracts (12.10 mm).

CONCLUSIONS

This report demonstrated the potent antioxidant and
antimicrobial capacity of ethanol extracts of five
species of Crambe during vegetation. However, the
accumulation of polyphenol compounds in the above-
ground parts of the investigated plants was uneven
and depended on the stage of growth and species. The
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highest level of TCP was found for C. cordifolia at the
budding stage, TFC for C. steveniana, and TPAC for
C. maritima during fruiting. The maximal values of
the FRSA and MRP of extracts were found for C. kok-
tebelica at the flowering stage and C. steveniana at the
fruiting stage, respectively. Among the five plant spe-
cies, C. koktebelica, C. maritima, and C. steveniana
accumulated higher TFC during fruiting. The study of
antimicrobial activity of the ethanol extracts in the un-
derground parts showed minimal inhibition in extracts
of C. maritima against Clostridium perfingens and
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maximal inhibition against Sa/monella enterica subsp.
enterica. It can be concluded that the antimicrobial ef-
fectiveness of the investigated extracts appeared in the
underground parts more than the above-ground ones.
The obtained data on Crambe spp. is useful for food,
pharmacological, and deep biochemical investigations.
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