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ANTIOXIDANT CAPACITY OF PLANT RAW MATERIAL OF
SCUTELLARIA BAICALENSIS GEORGI
Olena Vergun, Liudmyla Svydenko, Olga Grygorieva, Oksana Shymanska, Dzhamal Rakhmetov,
Ján Brindza, Eva Ivanišová
The aim of this study was to evaluate antioxidant capacity of Scutellaria baicalensis Georgi from two regions of Ukraine:
Kyiv city (M. M. Gryshko National Botanical Garden of NAS of Ukraine (NBG)) and Kherson region (Experimental Facility
“Novokakhovska” of Rice Research Institute of Ukrainian Academy of Agrarian Sciences (EFN of RRI)). Observation of
plants and biochemical analyses conducted with plants collected in the stage of flowering. In study investigated and compared
above-ground part of plants and separated organs: inflorescences, stems, leaves. Measured morphometric parameters (height
of plants, length, and width of leaves, length, and diameter of inflorescence, the diameter of the stem) showed that the most
variable was the length of inflorescence (12.79%) for NBG sample and diameter of the stem (33.33%) for EFN of RRI
sample. Ethanolic extracts were screened for the antioxidant capacity. As standards were used gallic acid for polyphenol
content (GAE), quercetin for flavonoids (QE), caffeic acid for phenolic acids (CAE), Trolox for antioxidant capacity (TE).
The total content of polyphenol compounds was 42.43 – 86.13 mg GAE.g-1 DW (dry weight) (NBG sample) and 28.06 –
96.76 mg GAE.g-1 DW (EFN of RRI sample). The content of flavonoids was 9.39 – 62.97 mg QE.g-1 DW (NBG sample) and
10.64 – 66.07 mg QE.g-1 DW (EFN of RRI sample). The concentration of phenolic acids was 2.60 – 16.13 mg CA.g-1 DW
(NBG sample) and 12.02 – 30.12 CA.g-1 DW (EFN of RRI sample). Antioxidant activity of plant extracts was measured by
DPPH assay and reducing power method. The first method indicated an antioxidant ability 8.24 – 8.56 mg TE.g-1 DW (NBG
sample) and 7.63 – 8.83 mg TE.g-1 DW (EFN of RRI sample). Reducing power of extracts was 51.48 – 306.09 mg TE.g-1
DW (NBG sample) and 63.33 – 260.24 mg TE.g-1 DW (EFN of RRI sample). Very strong positive correlation identified
between total polyphenol content, total flavonoid content and reducing power. Scutellaria baicalensis is a rich source of
antioxidants and potential raw of further pharmacological study in Ukraine as well as in other regions for improving and
enrichment of relevant production.
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INTRODUCTION

flavonoids of Scutellaria baicalensis have an anticancer
effect and this species is promising for anticancer therapy.
As reported by Cole et al. (2008), plant extracts can be
effective also in the inhibition of liver fibrosis, insomnia,
neuralgia etc. Besides of main flavonoids, in the plant raw
material of this plant indicated flavones, diterpenes,
phenylethanoid glycosides, amino acids, essential oils.
Extracts of Scutellaria baicalensis possess high potency to
reduce lipid peroxidation (Gabrielska et al., 1997). Study
of Gaire Prasad et al. (2014) resulted that raw of
Scutellaria baicalensis and its individual components
showed a neuroprotective effect that combined from some
pharmacological effects. The physiological effect of
baicalein is regulation of apoptosis in damaged roots
(Hirunuma et al., 2011). Significant antioxidant activity
was found in the extract of this plant (Li et al., 2015).
The aim of this study was a comparing study of the
antioxidant activity, total polyphenols, flavonoids, phenolic
acid content of plant raw material of selected species of the

Species of genus Scutellaria L. belong to Lamiaceae
Martinov., plants of which are known as aromatic,
medicinal and food (Bazzaz et al., 2011). Among species
of this genus, the most known is Scutellaria baikalensis
Georgi (Huangqin) that is an important medicinal species
with a rich biochemical composition that contains, also,
a metabolite previously thought to be unique for Hypericum
perforatum L. (Murch et al., 2004). Raw (dry roots)
material of this plant widely used in Chinese herbal
medicine as treatments of some diseases such as
inflammation, hypertension, cardiovascular diseases, and
tumor. Root extracts exhibited high antioxidant activity that
appeared also due to the content of baicalin and baicalein,
and other biologically active compounds (Chen et al.,
2000; Liu et al., 2017; Wang et al., 2017; Cheng et al.,
2018). It is described that flavonoid wogonin from
Scutellaria baicalensis roots appears anti-tumor and antimetastatic action (Kimura and Sumiyoshi, 2013).
According to Cheng et al. (2018), extracts and main
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genus of Scutellaria baicalensis Georgi from two areas of
Ukraine.

In this study investigated parameters of antioxidant
activity of ethanol extracts of S. baicalensis from two
regions of Ukraine in the stage of flowering. Plant samples
were dried at 35 °C for four days. All biochemical analyses
were conducted at the Slovak University of Agriculture in
Nitra, Faculty of Biotechnology and Food Resources,
Department of Plant Storage and Processing.

Scientific hypothesis
Comparative assessment of morphometric and antioxidant
parameters of Scutellaria baicalensis plants from two
regions of Ukraine.

MATERIAL AND METHODOLOGY
Plant materials

Chemicals
All chemicals were analytical grade and were purchased
from Reachem (Slovakia) and Sigma Aldrich (USA).

The plants material of Scutellaria baicalensis Georgi was
collected from experimental collection of Cultural Flora
Department of M. M. Gryshko National Botanical Garden
of the NAS of Ukraine (NBS) (Kyiv; 50°24ʹ55ʺN,
30°33ʹ45ʺE) and collection of aromatic and medicinal
plants of Experimental Facility “Novokakhovska” of Rice
Research Institute of Ukrainian Academy of Agrarian
Sciences (EFN of RRI) (v. Plodove; 46°45ʹ16.2ʺN
33°20ʹ55.1ʺE). The following morphometric parameters of
investigated plants were conducted at the conditions of
NBG (Figure 1) and EFN of RRI (Figure 2) in the period of
flowering: height of plants in cm, length of leaf in cm, the
width of leaf in cm, length of inflorescence in cm, the
diameter of inflorescence in cm, the diameter of the stem in
cm.

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. All data
expressed in mg of standard compound per gram of dry
weight (DW).

Total polyphenol content (TPC)
Total polyphenol content extracts were measured by the
method of Singleton and Rossi (1965) using FolinChiocalteu 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 absorbance at 700 nm
was measured using the spectrophotometer Jenway (6405
UV/Vis, England). Gallic acid (25 – 250 mg.L-1;
R2 = 0.996) was used as the standard and the results were
expressed in mg.g-1 gallic acid equivalents.

Total flavonoid content (TFC)
Determination of total flavonoids content was conducted
using the procedure described by Shafii et al. (2017).
0.5 mL of 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 absorbance at 415 nm was measured
using the spectrophotometer Jenway (6405 UV/Vis,
England).
Quercetin
(0.01
–
0.5
mg.L-1;
2
R = 0.997) was used as the standard and the results were
expressed in µg.g-1 quercetin equivalents.

Figure 1 Scutellaria baicalensis Georgi in the period of
flowering in the M. M. Gryshko National Botanical
Garden of NAS, Kyiv.

Total phenolic acid content (TPAC)
Determination total phenolic acids content of extracts was
carried out using the method of Farmakopea 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. Absorbance at 490 nm was measured using
the spectrophotometer Jenway (6405 UV/Vis, England).
Caffeic acid (1 – 200 mg.L-1, R2 = 0.999) was used as
a standard and the results were expressed in mg.g-1 caffeic
acid equivalents.

Figure 2 Scutellaria baicalensis Georgi in the period of
flowering-frutage in the Experimental Facility
“Novokakhovska” of Rice Research Institute of Ukrainian
Academy of Agrarian Sciences.
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raw. The higher values obtained by studying the dried
material than fresh and frozen (Adámková, Kouřimská
and Kadlecová, 2015; Kouřimská, Ešlerová and Khatri,
2016).
According to Liu et al. (2011), 80% ethanol extract of
Scutellaria baicalensis demonstrated higher antioxidant
capacity than other concentration of alcohol solution. Also,
flavonoid, phenolic acids content and antimicrobial activity
were higher at the 80% ethanol extraction.
The antioxidant capacity of plant extracts has been
attributed to their phenolic contents that were determined by
Folin-Ciocalteu reagent. The amount of total polyphenol
content of Scutellaria baicalensis extracts is shown in Table
3 and Table 4. The content of polyphenols for plants of
NBG
was
in
the
range
from
42.43
to
86.13 mg GAE per g of DW (dried weight) depending on
part of the plant. Plants collected from EFN of RRI
accumulated polyphenols from 28.06 to 96.76 mg GAE per
g DW. It should be noted the most content of polyphenol
compounds indicated in the leaves.
Study of Seo et al. (2013) showed that content of different
polyphenol compounds using liquid chromatography
(HPLC-UV) depends on the organ of Scutellaria
baicalensis and was 1715.7 mg.kg-1 fresh weight of fruits
(FW) for roots, 885.0 mg.kg-1 FW for leaves, 622.4 mg.kg1
FW for flowers and 307.4 mg.kg-1 FW for stems.
Previous data about the content of flavonoids concerning
mainly of their concentration in the roots of S. baicalensis
(Kimura and Sumiyoshi, 2013; Kosakowska, 2017).
According to Kosakowska (2017), the mean value of the
content of flavonoids in the roots was 0.33%. Scutellaria
baicalensis flavonoids are active compounds of antiinflammatory herbal medicine in China (Gao et al., 1999).
The most known active ingredients of genus Scutellaria are
flavonoids such as baicalin, baicalein, and wogonin, which
play important role in biological activities of these plants:
antimicrobial, antifungal, antiviral (Bazzaz et al., 2011).
According to Cheng et al. (2018), more than
40 flavonoids identified from the raw of this plant. Cole et
al. (2008) reported that baicalin and baicalein the most
common flavonoids from the Scutellaria baicalensis. As
resulted in Grzegorczyk-Karolak, Wysokińska and Olas
(2015), the content of some flavonoids was much lower than
in roots and shoots. In the stems and leaves
21 flavonoids were detected (Liu et al., 2011). The main
flavonoids of the aboveground part of this plant are
scutellarin, dihydroscitellarin, and glucuronides of apigenin
and luteolin (Olennikov, Chirikova and Tankhaeva,
2010).
In our study content of flavonoids compared with
quercetin content. As noticed Gao et al. (1999), flavonoids
such as quercetin, luteolin, and catechin are better
antioxidants than for example ascorbic acid or vitamin E.
Total flavonoid content in ethanol extracts of Scutellaria
baicalensis from NBG was from 9.39 to 62.97 mg QE per g
DW and for it plants from EFN of RRI from 10.64 to 66.07
mg QE per g (DW) (Table 3 and Table 4). The least content
of flavonoids was found in the stems of both samples. The
high concentration of flavonoids indicated in all plants of
the NBG sample and in the leaves of EFN of RRI sample.

Antioxidant activity
Radical scavenging assay (DPPH)
The radical scavenging activity of samples was measured
using 2.2-diphenyl-1-picrylhydrazyl (DPPH) (SánchézMoreno, Larrauri and Saura-Calixto, 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 the spectrophotometer
Jenway
(6405
UV/Vis,
England)
at
515 nm. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic acid) (10 – 100 mg.L-1; R2 = 0.988) was used as
the standard and the results were expressed in mg.g-1 Trolox
equivalents.
Reducing power (RP)
Reducing the power of extracts was determined by the
phosphomolybdenum method of Prieto, Pineda and
Aguilar (1999) with slight modifications. The mixture of
sample (1 mL), monopotassium phosphate (2.8 mL,
0.1 M), sulfuric acid (6 mL, 1 M), ammonium
heptamolybdate (0.4 mL, 0.1 M) and distilled water
(0.8 mL) incubated at 90 °C for 120 min, then rapidly
cooled and detected by monitoring absorbance at 700 nm
using the spectrophotometer Jenway (6405 UV/Vis,
England). Trolox (10 – 1000 mg.L-1; R 2 = 0.998) was used
as the standard and the results were expressed in mg.g-1
Trolox equivalents.

Statistical analysis
The statistically treated data are given in tables as the
arithmetical mean values and their standard errors. Data
were submitted ANOVA and differences between means
compared through the Tukey-Kramer test (α = 0.05). We
used the Dixon's Q test (DQn) at the significance level of
p <0.05. Correlation analysis was performed using
Pearson’s criterion. Variability of all these parameters was
evaluated using descriptive statistics. Level of variability
determined by Stehlíková (1998).

RESULTS AND DISCUSSION
The morphometric parameters of plants of Scutellaria
baicalensis in conditions of M. M. Gryshko National
Botanical Garden represented in Table 1. Variability of
measured parameters was from 2.45 to 12.79%, the most
variable parameter was the length of inflorescence and the
least variable the width of the leaf. The morphometric
parameters of plants of Scutellaria baicalensis in conditions
of Experimental Facility “Novokakhovska” of Rice
Research Institute of Ukrainian Academy of Agrarian
Sciences represented in Table 2. The most variable
parameter was the diameter of the stem and the least height
of plants. Based on obtained results, it’s should be noted that
significant differences found when comparing the diameter
of inflorescences. Investigation of biological activities of
plant raw material one of the most discussed areas of plant
raw material study (Cocan et al., 2018; Ohigashi et al.,
1991). One of the most known biological activity of plant
raw material is antioxidant capacity (Kavalcová et al.,
2014). In addition, plant raw material of Lamiaceae herb is
a rich source of antioxidant compounds (Matkowski,
Tasarz and Szypuła, 2008). Antioxidant properties of herb
from Lamiaceae studied in the context of the condition of
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Table 1 Morphometric parameters of Scutellaria baicalensis Georgi plants in conditions of M. M. Gryshko National
Botanical Garden.
Parameter
min
max
mean
SD
V (%)
Height of plant, cm
60.02
70.00
64.30
1.17
5.68
Length of leaf, cm
4.00
4.40
4.24
0.04
2.98
Width of leaf, cm
0.22
0.51
0.35
0.03
2.45
Length of inflorescence, cm
12.00
17.00
14.30
0.58
12.79
Diameter of inflorescence, cm
7.11
9.00
8.21
0.26
10.21
Diameter of stem, cm
0.21
0.52
0.31
0.03
8.01
Note: min, max – minimal and maximal measured values; mean – arithmetic mean; SD – standard error of mean;
V – coefficient of variation (%).

Table 2 Morphometric parameters of Scutellaria baicalensis Georgi plants in conditions of Experimental Facility
“Novokakhovska” of Rice Research Institute of Ukrainian Academy of Agrarian Sciences.
Parameter
min
max
mean
SD
V (%)
Height of plant, cm
60.11
70.02
66.30
2.14
4.39
Length of leaf, cm
3.50
4.00
3.77
0.19
5.80
Width of leaf, cm
0.53
0.90
0.66
0.09
18.18
Length of inflorescence, cm
11.00
16.00
13.80
1.64
13.62
Diameter of inflorescence, cm
4.90
7.10
5.80
0.74
15.13
Diameter of stem, cm
0.20
0.45
0.33
0.09
33.33
Note: min, max – minimal and maximal measured values; mean – arithmetic mean; SD – standard error of mean;
V – coefficient of variation (%).

Table 3 Total polyphenol, flavonoid and phenolic acid content of plants of Scutellaria baicalensis Georgi (NBS).
Part of plant
Total polyphenols
Total flavonoids
Total phenolic acid
(mg GAE.g-1)
(mg QE.g-1)
(mg CAE.g-1)
Inflorescences
42.43 ±1.20
26.43 ±2.36
10.68 ±0.93
Leaves
86.13 ±2.06
61.53 ±1.91
13.98 ±0.25
Stems
45.36 ±0.56
9.39 ±0.52
2.60 ±0.26
All plant
81.24 ±3.91
62.97 ±0.63
16.13 ±0.53
Note: GAE (gallic acid equivalent); QE (quercetin equivalent); ± (standard deviation of the mean).

Table 4 Total polyphenol, flavonoid and phenolic acid content of plants of Scutellaria baicalensis Georgi (EFN of RRI).
Part of plant
Total polyphenols
Total flavonoids
Total phenolic acid
(mg GAE.g-1)
(mg QE.g-1)
(mg CAE.g-1)
Inflorescences
67.50 ±0.89
45.89 ±0.98
15.40 ±0.32
Leaves
96.76 ±2.18
72.66 ±2.69
23.40 ±1.13
Stems
28.06 ±1.91
10.64 ±0.29
12.02 ±0.17
All plant
96.54 ±0.68
66.07 ±0.67
30.12 ±2.66
Note: GAE (gallic acid equivalent); QE (quercetin equivalent); ± (standard deviation of the mean).

Table 5 The correlation coefficients of a linear relationship between the different parameters of antioxidant activity of
investigated plants of Scutellaria baicalensis Georgi from Kyiv region of Ukraine.
Parameter
TPC
TFC
TPAC
DPPH
TFC
0.943*
TPAC
0.772*
0.939*
DPPH
-0.065*
-0.358
-0.625
RP
0.942
0.969*
0.878*
-0.177
Note: *Significant according to the t-test (p <0.05).
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TEAC (mg.g-1)

Table 6 The correlation coefficients of a linear relationship between the different parameters of antioxidant activity of
investigated plants of Scutellaria baicalensis Georgi from Kherson region of Ukraine.
Parameter
TPC
TFC
TPAC
DPPH
TFC
0.995*
TPAC
0.887
0.843*
DPPH
0.519*
0.481*
0.447*
RP
0.933*
0.906
0.980
0.356*
Note: *Significant according to the t-test (p <0.05).
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Figure 3 Antioxidant activity of extracts of plants of Scutellaria baicalensis Georgi depending on the region of growing
(means in columns followed by different letters are different at p = 0.05. Each value represents the mean of three
independent experiments (±SD)).

350

a

TEAC (mg.g-1)

300

b

250

a
a

200
150
100

c

b
d

c

50
0
Inflorescences

Leaves
NBS

Stems

Whole plant

EFN of RRI

Figure 4 Reducing power of extracts of plants of Scutellaria baicalensis Georgi depending on the region of growing
(means in columns followed by different letters are different at p = 0.05. Each value represents the mean of three
independent experiments (±SD)).
Phenolic acids are derivates of benzoic and cinnamic acid
that can exist in free and bound forms (Leváková and
Lacko-Bartošová, 2017). As flavonoids, phenolic acids
play an important role as antioxidant protectors against
diseases such as cardiovascular, cancer, inflammatory
bowel syndrome etc. (Saxena, Saxena and Pradhan,
2012). Also, this group of phenolic compounds connected
with diverse functions in plant organism such as nutrient

Volume 13

uptake, protein synthesis, enzyme activity, photosynthesis
etc. The concentration of phenolic acids depends on
conditions of growth, among which is temperature
(Robbins, 2003).
In this study total phenolic acid content was found in the
range from 2.60 to 16.13 mg CAE per g (DW) for NBG
sample and from 12.02 to 30.12 mg CAE per g DW for EFN
of RRI sample. In addition, stems of both samples
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CONCLUSION

accumulated the least content of phenolic acids and all plant
raw had the higher content of it.
Radical scavenging activity of the ethanol extracts of
investigated samples of Scutellaria baicalensis was
screened against DPPH radical which is the most frequently
used to determine the antiradical activity of several natural
compounds (Marinova and Batchvarov, 2011; Alam,
Bristi and Rafiguzzaman, 2013). Also, in a review of
Alam, Bristi and Rafiguzzaman (2013) described that
ethanol the most frequently used for extraction of plant
samples to detect the antioxidant capacity. In Figure 3
represented comparable results of radical scavenging assay
of ethanolic extracts of two samples of Scutellaria
baicalensis. The difference in this parameter wasn’t
significant and for sample growing in the condition of NBG,
it was of 8.24 – 8.56 mg Trolox per g (DW). In another
sample (EFN
of RRI) this parameter was
7.63 – 8.83 mg Trolox per g.
According to Seo et al. (2013), antioxidant activity by
DPPH method was maximal in flowers and stems of
investigated plants. In our study, the maximal value of this
parameter was in the stem for plant sample from NBG and
in inflorescences for EFN of RRI plant samples. Measuring
of reducing the power of plant extracts one of the methods
to determine the antioxidant capacity of plants.
Determination of this parameter by phosphomolybdenum
method based on reduction Mo (VI) to Mo (V) (Alam,
Bristi and Rafiguzzaman, 2013).
Results of reducing power measuring of ethanolic extracts
investigated species of Scutellaria baicalensis showed in
Figure 4. In total, the value of this parameter for NBG
sample was of 51.48 – 306.09 mg Trolox per g, for EFN of
RRI sample of 63.33 – 260.24 mg Trolox per g. The fewer
results were obtained for stems of investigated plants but
stems of EFN of RRI demonstrated higher reducing power
than other parts of the plant. The highest reducing power
exhibited extracts of all plant. As studied by Seo et al.
(2013), reducing power value was maximal for flowers of
Scutellaria baicalensis, however, measured by another
method than us.
Pearson’s correlation analyses conducted for investigated
plants (Table 5, Table 6). According to Li, Wu and Huang
(2009), between antioxidant activity and phenolic
compounds exhibited significant correlation. This fact
depends on investigated extract and structure of phenolic
compounds (Tatiya et al., 2011). In the study of Vamanu
et al. (2011) wasn’t found a correlation between phenolic
compounds and antioxidant activity by DPPH method.
Moreover, this research showed that existed a direct
relationship between reducing power and antioxidant
activity of investigated extracts, while in our study we
didn’t find a significant correlation between these
parameters (very weak) for both samples.
We found a moderate positive correlation between total
phenolic acids content, flavonoid content and total phenolic
content and antioxidant activity by DPPH method for EFN
of RRI sample, although NBS sample didn’t show this
relationship. Strong positive correlation identified between
all investigated phenolic compounds and reducing power of
extracts for both samples. Thus, in our case, we identified a
significant relationship between the content of investigated
polyphenol compounds and reducing power of extracts of
two tested samples.
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Investigated plant extracts of different parts of Scutellaria
baicalensis Georgi from two Ukrainian regions exhibited
high antioxidant activity in the stage of flowering. The high
content of polyphenol compounds was identified in the
leaves of both investigated samples. The present study
demonstrates that the highest concentration of phenolic
acids detected in all parts of plants. Some difference noticed
in the accumulation of flavonoids: the highest values found
in all parts of plants of NBG sample, whereas, for EFN of
RRI sample maximum found in the leaves. Radical
scavenging activity hasn’t significant values that can say
that this parameter does not depend on the area of growth
for this species. Extracts of all plant demonstrated higher
antioxidant activity by DPPH method and by
phosphomolybdenum method than extracts of separated
organs. The lowest values of these parameters found for
stems. Correlation analyses found significant values in the
relationship between investigated phenolic compounds and
reducing the power of extracts. Moderate positive
correlation noticed between phenolic compounds content
and antioxidant activity by DPPH method for a sample from
the Kherson region. Thus, two samples of Scutellaria
baicalensis from two Ukrainian regions appears high
potency of antioxidant activity that can be used for further
study especially pharmacological.

REFERENCES
Adámková, A., Kouřimská, L., Kadlecová, B. 2015. The
effect of drying on antioxidant activity of selected Lamiaceae
herbs. Slovak Journal of Food Sciences, vol. 9, no. 1, p. 252257. https://doi.org/10.5219/474
Alam, N. Md., Bristi, J. N., Rafiguzzaman, Md. 2013.
Review on in vivo and in vitro methods evaluation of
antioxidant activity. Saudi Pharmaceutical Journal, vol. 21, p.
143-152. https://doi.org/10.1016/j.jsps.2012.05.002
Bazzaz, F. S. B., Khayat, H. M., Emami, A. S., Asili, J.,
Sahebkar, A., Neishabory, J. B. 2011. Antioxidant and
antimicrobial activity of methanol, dichloromethane, and ethyl
acetate extracts of Scutellaria litwinowii. ScienceAsia, vol. 37,
p.
327-334.
https://doi.org/10.2306/scienceasia15131874.2011.37.327
Brand-Williams, W., Cuvelier, M. E., Berset, C. 1995. Use
of a free radical method to evaluate antioxidant activity. LWT
– Food Science and Technology, vol. 28, no. 1, p. 25-30.
https://doi.org/10.1016/S0023-6438(95)80008-5
Chen, Zh.-Y., Su, Ya.-L., Bi, Y.-R., Tsang, Y. S., Huang, Y.
2000. Effect of baicalein and acetone extract of Scutellaria
baicalensis on canola oil oxidation. Journal of the American
Oil Chemist’s Society, vol. 77, no. 1, p. 73-78.
https://doi.org/10.1007/s11746-000-0011-y
Cheng, Ch.-Sh., Chen, J., Tan, H.-Y., Wang, N., Chen, Z.,
Feng, Y. 2018. Scutellaria baicalensis and cancer treatment:
recent progress and perspectives in biomedical and clinical
studies. American Journal of Chinese Medicine, vol. 46, no. 1,
p. 1-30. https://doi.org/10.1142/S0192415X18500027
Cocan, I., Alexa, E., Danciu, C., Radulov, I., Galuscan, A.,
Obistioiu, D., Morvay, A. A., Sumalan, R. M., Poiana, M. A.,
Pop, G., Dehelean, C. A. 2018. Phytochemical screening and
biological activity of Lamiaceae family plant extracts.
Experimental and Therapeutic Medicine, vol. 15, no. 2, p.
1863-1870. https://doi.org/10.3892/etm.2017.5640
Cole, B. I., Cao, J., Alan, R. A., Saxena, K. P., Murch, J. S.
2008. Comparison of Scutellaria baicalensis, Scutellaria

619

No. 1/2019

Potravinarstvo Slovak Journal of Food Sciences
lateriflora and Scutellaria racemosa: genome size, antioxidant
potential and phytochemistry. Planta Medica, vol. 74, no. 4, p.
474-481. https://doi.org/10.1055/s-2008-1034358
Farmakopea Polska. 1999. The Polish Farmaceutical
Society.
Available
at:
http://www.ptfarm.pl/?pid=1&language=en
Gabrielska, J., Oszmianski, J., Żyłka, R., Komorowska, M.
1997. Antioxidant activity of flavones from Scutellaria
baicalensis in lecithin liposomes. Z. Naturforsch., vol. 52, no.
11-12, p. 817-823. https://doi.org/10.1515/znc-1997-11-1215
Gaire Prasad, B., Kim, O. Y., Jin, H. Z., Park, J., Choi, H.,
Bu, Y., Kim, H. 2014. Neuroprotective effect of Scutellaria
baicalensis flavones against global ischemic model in rats.
Journal of NPA,
vol.
27,
no. 1, p. 1-8.
https://doi.org/10.3126/jnpa.v27i1.12144
Gao, Z., Huang, K., Yang, X., Xu, H. 1999. Free radical
scavenging and antioxidant activities of flavonoids extracted
from the radix of Scutellaria baicalensis Georgi. Biochimica et
Biophysica Acta, vol. 1472, no. 3, p. 643-650.
https://doi.org/10.1016/S0304-4165(99)00152-X
Grzegorczyk-Karolak, I., Wysokińska, H., Olas, B. 2015.
Studies on the antioxidant properties of extracts from the roots
and shoots of two Scutellaria species in human blood plasma.
Acta Biochimica Polonica, vol. 62, no. 2, p. 253-258.
https://doi.org/10.18388/abp.2014_944
Hirunuma, M., Shoyama, Y., Sasaki, K., Sakamoto, S.,
Taura, F., Shoyama, Yu., Tanaka, H., Morimoto, S. 2011.
Flavone-catalyzed apoptosis in Scutellaria baicalensis.
Phytochemistry,
vol.
72,
no.
8,
p.
752-760.
https://doi.org/10.1016/j.phytochem.2011.02.009
Kavalcová, P., Bystrická, J., Tomaš, J., Karovičová, J.,
Kuchtová, V. 2014. Evaluation and comparison of the content
of total polyphenols and antioxidant activity in onion, garlic
and leek. Potravinarstvo, vol. 8, no. 1, p. 272-276.
https://doi.org/10.5219/394
Kimura, Y., Sumiyoshi, M. 2013. Anti-tumor and antimetastatic actions of wogonin isolated from Scutellaria
baicalensis
roots
through
anti-lymphangiogenesis.
Phytomedicine, vol. 20, no. 3-4,
p. 328-336.
https://doi.org/10.1016/j.phymed.2012.10.016
Kosakowska, O. 2017. Intrapopulation variability of
flavonoid content in roots of Baical skullcap (Scutellaria
baicalensis Georgi). Herba Polonica, vol. 63, no. 1, p. 20-31.
https://doi.org/10.1515/hepo-2017-0002
Kouřimská, L., Ešlerová, K., Khatri, Y. 2016. The effect of
storage on quality of herbs genus Origanum. Potravinarstvo,
vol. 10, no. 1, p. 207-214. https://doi.org/10.5219/608
Leváková, L., Lacko-Bartošová, M. 2017. Phenolic acids and
antioxidant activity of wheat species: a review. Agriculture
(Poľnohospodarstvo), vol. 63, no. 3, p. 92-101.
https://doi.org/10.1515/agri-2017-0009
Li, W., Sun, H., Zhou, J., Zhang, Y., Liu, L., Gao, T. 2015.
Antibacterial activities, antioxidant content and antioxidant
properties of three traditional Chinese medicinal extracts.
Bangladesh Journal of Pharmacology, vol. 10, no. 1, p. 131137. https://doi.org/10.3329/bjp.v10i1.21324
Li, X., Wu, X., Huang, L. 2009. Correlation between
antioxidant activities and phenolic contents of Radix Angelicae
Sinensis (Danggui). Molecules, vol. 14, no. 12, p. 5349-5361.
https://doi.org/10.3390/molecules14125349
Liu, G., Rajesh, N., Wang, X., Zhang, M., Wu, K., Li, S.,
Chen, B., Yao, S. 2011. Identification of flavonoids in the
stems and leaves of Scutellaria baicalensis Georgi. Journal of
Chromatography B, vol. 879, no. 13-14, p. 1023-1028.
https://doi.org/10.1016/j.jchromb.2011.02.050

Volume 13

Liu, R. X., Song, G.-H., Wu, P. G., Zhang, X.-W., Hu, H.Y., Liu, J., Miao, X.-S., Hou, Z.-Y., Wang, W.-Q., Wei, S.-L.
2017. Distribution patterns of the contents of five biologically
activate ingredients in the root of Scutellaria baicalensis.
Chinese Journal of Natural Medicines, vol. 15, no. 2, p. 152160. https://doi.org/10.1016/S1875-5364(17)30030-4
Marinova, G., Batchvarov, V. 2011. Evaluation of the
methods for determination of the free radical scavenging
activity by DPPH. Bulgarian Journal of Agricultural Science,
vol. 17, no. 1, p. 11-24.
Matkowski, A., Tasarz, P., Szypuła, E. 2008. Antioxidant
activity of herb extracts from five medicinal plants from
Lamiaceae, subfamily Lamioideae. Journal of Medicinal
Plants Research, vol. 11, no. 2, p. 321-330.
Murch, J. S., Rupasinghe Vasantha, H. P., Goodenowe, D.,
Saxena, K. P. 2004. A metabolomic analysis of medicinal
diversity in Huang-qin (Scutellaria baicalensis Georgi)
genotypes: discovery of novel compounds. Physiology and
Biochemistry,
vol.
23,
no.
6,
p.
419-425.
https://doi.org/10.1007/s00299-004-0862-3
Ohigashi, H., Takagaki, T., Koshimizu, K., Watanabe, K.,
Kaji, M., Hoshino, J., Nishida, T., Huffman, M. A., Takasaki,
H., Jato, J., Muanza, N. D. 1991. Biological activities of plant
extracts from tropical Africa. African Study Monographs, vol.
12, no. 4, p. 201-210.
Olennikov, D. N., Chirikova, N. K., Tankhaeva, L. M. 2010.
Phenolic compounds of Scutellaria baicalensis Georgi.
Russian Journal of Bioorganic Chemistry, vol. 36, no. 7, p.
816-824. https://doi.org/10.1134/S1068162010070046
Prieto, P., Pineda, M., Aguilar, M. 1999. Spectrophotometric
quantitation of antioxidant capacity through the formation of a
phosphomolybdenum complex: specific application to the
determination of vitamin E. Analytical Biochemistry, vol. 269,
no. 2, p. 337-241. https://doi.org/10.1006/abio.1999.4019
Robbins, R. J. 2003. Phenolic acids in food: an overview of
analytical methodology. Food Chemistry, vol. 51, no. 10, p.
2866-2887. https://doi.org/10.1021/jf026182t
Sánchéz-Moreno, C., Larrauri, A., Saura-Calixto, F. 1998. A
procedure to measure the antioxidant efficiency of
polyphenols. Journal of the Science of Food and Agriculture,
vol. 76, no. 2, p. 270-276. https://doi.org/10.1002/(SICI)10970010(199802)76:2<270::AID-JSFA945>3.0.CO;2-9
Saxena, M., Saxena, J., Pradhan, A. 2012. Flavonoids and
phenolic acids as antioxidants in plants and human health.
International Journal of Pharmaceutical Sciences Review and
Research, vol. 16, no. 2, p. 130-134.
Seo, N. O., Kim, G.-S., Kim, Y.-H., Rark, S., Jeong, S. W.,
Lee, S. J., Jin, J. S., Shin, S. C. 2013. Determination of
polyphenol components of Korean Scutellaria baicalensis
Georgi using liquid chromatography–tandem mass
spectrometry: contribution to overall antioxidant activity.
Journal of Functional Foods, vol. 5, no. 4, p. 1741-1750.
https://doi.org/10.1016/j.jff.2013.07.020
Shafii, Z. A., Basri, M., Malek, E. A., Ismail, M. 2017.
Phytochemical and antioxidant properties of Manilkara zapota
(L.) P roen fruit extracts and its formulations for cosmceuetical
application. Asian Journal of Plant Science and Research, vol.
7, no. 3, p. 29-41.
Singleton, V. L., Rossi, J. A. 1965. Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid
reagent. American Journal of Enology and Agricultural, vol. 6,
p. 144-158.
Stehlíková, B. 1998. Basics of biostatiscics (Biodiversity
protection 51). Nitra, Slovakia : SPU, 79 p. ISBN 80-7137539-X.

620

No. 1/2019

Potravinarstvo Slovak Journal of Food Sciences
Tatiya, U. A., Tapadiya, G. G., Kotecha, S., Surana, J. S.
2011. Effect of solvents on total phenolics, antioxidant and
antimicrobial properties of Bridelia retusa Spreng. stem bark.
Indian Journal of Natural Products and Resources, vol. 2, no.
4, p. 442-447.
Vamanu, E., Vamanu, A., Nita, S., Colceriu, S. 2011.
Antioxidant and antimicrobial activities of ethanol extracts of
Cynara scolymus (Cynarae folium, Asteraceae family).
Tropical Journal of Pharmaceutical Research, vol. 10, no. 6,
p. 777-783. http://doi.org/10.4314/tjpr.v10i6.11
Wang, Y. F., Xu, Y. L., Tang, Z. H., Li, T., Zhang, L. L.,
Chen, X., Lu, J. H., Leung, C. H., Ma, D. L., Qiang, W. A.,
Wang, Y. T., Lu, J. J. 2017. Baicalein induces beclin 1- and
extracellular signal-regulated kinase-dependent autophagy in
ovarian cancer cells. American Journal of Chinese Medicine,
vol.
45,
no.
1,
p.
123-136.
https://doi.org/10.1142/S0192415X17500094

Contact address:

Mgr. Olena Vergun, PhD., M. M. Gryshko National
Botanical Gardens of Ukraine National Academy of
Sciences, Timiryazevska 1, 01014 Kyiv, Ukraine, Tel.:
+380975398541,
E-mail: en_vergun@ukr.net
ORCID: https://orcid.org/0000-0003-2924-1580
Mgr. Liudmyla Svydenko, PhD., Experimental Facility
“Novokakhovska” of Rice Research Institute of Ukrainian
Academy of Agrarian Sciences, Sadova 1, 74 999 Plodove,
Kherson region, Ukraine, Tel.: +380991215376,
E-mail: svid65@ukr.net
ORCID: https://orcid.org/0000-0002-4043-9240
*Mgr. Olga Grygorieva, PhD., M. M. Gryshko National
Botanical Gardens of Ukraine National Academy of
Sciences, Timiryazevska 1, 01014 Kyiv, Ukraine, Tel.:
+380671988082,
E-mail: ogrygorieva@mail.ru
ORCID: https://orcid.org/0000-0003-1161-0018
Mgr. Oksana Shymanska, PhD., M. M. Gryshko National
Botanical Gardens of Ukraine National Academy of
Sciences, Timiryazevska 1, 01014 Kyiv, Ukraine, Tel.:
+380982284804,
E-mail: galega777@ukr.net
ORCID: https://orcid.org/0000-0001-8482-5883
Prof. Dzhamal Rakhmetov, M. M. Gryshko National
Botanical Gardens of Ukraine National Academy of
Sciences, Timiryazevska 1, 01014 Kyiv, Ukraine, Tel.:
+380503561930,
E-mail: jamal_r@bigmir.net
ORCID: https://orcid.org/0000-0001-7260-3263
Doc. Ing. Ján Brindza, PhD., Slovak University of
Agriculutre in Nitra, Faculty of Agrobiology and Food
Resources, Institute of Biological Conservation and
biosafety, Trieda Andreja Hlinku 2, 949 76 Nitra, Slovakia,
Tel.: +421376414787,
E-mail: Jan.Brindza@uniag.sk
Ing. Eva Ivanišová, PhD., Slovak University of
Agryculture in Nitra, Faculty of Biotechnology and Food
Resources, Department of Plant Storage and Processing,
Trieda Andreja Hlinku 2, 949 76 Nitra, Slovakia, Tel.:
+421376414421,
E-mail: eva.ivanisova@uniag.sk
ORCID: https://orcid.org/0000-0001-5193-2957

Acknowledgments:
The publication was prepared with the active participation of
researchers in international network AGROBIONET, as
a part of international program "Agricultural biodiversity to
improve nutrition, health and quality of life" within the project
ITMS 25 110 320 104 „Innovation of test methods and
procedures for the detection of sources of bioactive substances
for the improvement of health and quality of life“.
Experimental activities were realized in laboratories of
Excellent center for the conservation and use of
agrobiodiversity at Institute of Biodiversity Conservation and
Biosafety at the Faculty of Agrobiology and Food Resources,
Slovak University of Agriculture in Nitra. Co-authors
(51810415) is grateful to Visegrad Scholarship Fund and
Bilateral Scholarship of the Ministry of Education, Science,
Research and Sport (Slovak Republic) for the scholarship grant
for the research stay during which the presented knowledge
was obtained.

Corresponding author: *

Volume 13

621

No. 1/2019

