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Lespedeza bicolor Turcz. (bush clover) is a well-known medicinal, forage, and honey plant, the plant extracts of which 
exhibit numerous biological activities such as antioxidant, antimicrobial, anti-inflammatory, etc. This study aimed 
to determine the antioxidant capacity of L. bicolor ethanol extracts from plant raw material dried at 45 and 65 °C. 
Plants were collected from the experimental sets of the M.M. Gryshko National Botanical Garden of the National 
Academy of Sciences of Ukraine. It was determined the total polyphenol content (TPC) was determined by the Folin-
Ciocalteu method, antioxidant activity by the DPPH method (with 2,2-diphenyl-1-picrylhydrazyl), FRAP method 
(with 2,4,6-tris(2-pyridyl)-S-triazine), and ABTS (with 2,2ʹ-azinobis-3-ethylbenzothiazoline-6-sulfonic acid) assay 
of ethanol extracts. The TPC, antioxidant activity by DPPH, FRAP, and ABTS methods of L. bicolor extracts obtained 
from plant raw dried at 45 °C were 15.16–53.18 mg GAE.g-1, 46.84–49.19 μmol TE.g-1, 133.16–335.62 μmol TE.g-1, 
and 2.11–2.39 μmol TE.g-1, respectively, depending on plant part. The TPC, antioxidant activity by DPPH, FRAP, and 
ABTS methods of extracts obtained from plant raw dried at 65 °C were 22.9–106.68 mg GAE.g-1, 48.86–51.68 μmol 
TE.g-1, 130.17–345.64 μmol TE.g-1, and 2.19–2.39 μmol TE.g-1, respectively, depending on plant part. The Pearson’s 
coefficients were higher between the investigated parameters of plants dried at 65 °C and found a strong correlation: 
r = 0.858 (TPC vs. DPPH), r = 0.952 (TPC vs. FRAP), and r = 0.858 (TPC vs. ABTS). Thus, L. bicolor plant extracts 
are a valuable source of bioactive compounds with antioxidant activity. The study of TPC and antioxidant activity 
by different methods showed that the temperature regime of plant raw material drying affected the polyphenols‘ 
content 1.5–2.0 times. The drying temperature did not significantly affect the antioxidant activity results: a slight 
increase was observed in flower and leaf extracts by the DPPH and FRAP methods, stem and leaf extracts by the ABTS 
assay. The obtained data can be used in further biochemical and pharmacological investigations.
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Introduction
Plants of the genus Lespedeza Michx. are native to 
eastern North America, eastern and southern Asia, and 
Australia, consisting of around 35 plant species (Ohashi 
et al., 2009). The aerial parts of these plants are used for 
the treatment of neuralgia and rheumatism by Native 
Americans. They also used roots against poisoning 
(Cornara et al., 2016).
The study of L. bicolor extracts showed that this 
plant can be used in the treatment of skin diseases 
and vitiligo (Ha et al., 2020). Plants of L. bicolor have 
a wide therapeutic potential (Do et al., 2019). L. bicolor 
and L. capitata Michx. have been used in Ukrainian 
traditional medicine for the treatment of kidney 
diseases (Sokolova et al., 2023; Zaychenko et al., 2024; 
Serebrovska et al., 2025). In the methanol extracts 
of L. bicolor roots found pterocarpans, coumestans, 
and arylbenzofurans some of which can be used 
for leukaemia treatment via intracellular signalling 
(Thuy et al., 2019) or characterized by cytotoxic and 
antiproliferative activity (Kim et al., 2023). The active 
component of L. bicolor (protocatechuic acid) can be 
used to treat alopecia (Shin et al., 2022). The essential oil 
of this plant contains the terpenoids, sesquiterpenoids, 
and phenylpropanoids, which exhibit antioxidant, 
antimicrobial, and enzyme-inhibitory effects (Chitiala 
et al., 2025). According to Zhu et al. (2025), the main 
biochemical components of L. bicolor essential oil were 
β-pinene (15.41%), β-phellandrene (12.43%), and 
caryophyllene (7.79%). 
This plant‘s methanol aerial part extracts exhibited 
antibacterial and antifungal activities against 
Escherichia coli, Bacillus subtilis, Pseudomonas 
aeruginosa, Staphylococcus aureus, Candida spp. 
(Samiullah et al., 2011). The methanol root extracts 
of this plant exhibited anticancer and antibacterial 
effects (Li et al., 2024). 
Also, this species is known as the honey plant, and honey 
has demonstrated antioxidant and anti-inflammatory 
activities (Ren et al., 2024). The major polyphenol 
compounds are rutin, hyperoside, and kaempferol-
3-O-rutinoside (Ren et al., 2023). Kaempferol-3-O-
galactoside is recommended as a chemical marker
of L. bicolor honey authenticity (Ren et al., 2022).
According to Sun et al. (2023), L. bicolor plants 
exhibited aluminum tolerance in acid soils. L. bicolor is 
a forage plant characterized by the highest nutritional 
value in the vegetative stage (Zhang et al., 2025). This 
study aimed to determine the antioxidant potential 
of L. bicolor extracts using dried plant raw material at 
different temperatures. 

Material and Methodology

Plant Material
Plants of Lespedeza bicolor Turcz. were collected 
from experimental sets of the Department of Cultural 
Flora of the M.M. Gryshko National Botanical Garden 
of the National Academy of Sciences of Ukraine (Kyiv) 
in the flowering stage. The investigated plants‘ leaves, 
flowers, and stems were separated and dried at 45 and 
65 °C. 

Extract Preparation
One gram of dried plant raw material was mixed with 
50 ml of 80% ethanol. The mixtures were shaken 
for 12 hours on the Unimax 2010 horizontal shaker 
(Heidolph Instrument GmbH, Germany). Obtained 
samples were filtered via Munktell No. 390 filtrating 
paper (Munktell & Filtrac, Germany). 

The Total Polyphenol Content
The polyphenol content of plant extracts was 
determined by the Folin-Ciocalteu assay (Lachman 
et al., 2006). The volumetric flask (50 ml) was filled 
with extract (0.1 ml), with the following addition 
of Folin-Ciocalteu reagent (0.85 ml). After 3 min, add 
20% NA2CO3 (5 ml). After stirring the mixture, water 
was added till the mark (50 ml). Experimental flasks 
were placed in the dark for 2 hours, and after they 
were analyzed on a Shimadzu UV-1800 UV/Visible 
Scanning Spectrophotometer (Shimadzu, Kyoto, Japan) 
at 765 nm. The gallic acid was used as a standard, and 
results were expressed as mg GAE.g-1. Four replicates 
were used in the experiment. 

DPPH Radical Scavenging Activity
A working DPPH solution was prepared using methanol 
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma 
Aldrich, USA). DPPH solution (3.9 mL) and plant extract 
(0.1 mL) were mixed, stirred, and left in the dark for 
10 min. The solution was measured at 515.6 nm against 
a blank solution, using a Shimadzu UV-1800 UV/Visible 
Scanning Spectrophotometer (Shimadzu, Kyoto, Japan). 
Based on the calibration curve, antioxidant activity was 
expressed as the mmol of Trolox equivalent per gram 
of fresh matter (mmol TE.g-1 DW) (Brand-Williams 
et al., 1995). Analyses were performed in 4 replicates. 

ABTS Radical Scavenging Assay
According to Re et al. (1999), the ABTS radical 
scavenging assay was conducted. Working ABTS 
solution was created using the ABTS·+ radical cation 
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(2,2ʹ-azinobis-3-ethylbenzothiazoline-6-sulfonic acid) 
(Sigma Aldrich, USA), potassium persulfate (K2S2O8) 
(Sigma Aldrich, USA), and acetate buffer (pH = 4.3). 
3 mL of ABTS solution and 0.05 mL of extract were 
mixed, stirred, and left in the dark for 20 min. The 
solution was measured at 734 nm against a blank 
solution, using a Shimadzu UV-1800 UV/Visible 
Scanning Spectrophotometer (Shimadzu, Kyoto, Japan). 
Based on the calibration curve, antioxidant activity was 
expressed in mmol of Trolox equivalent per gram of dry 
matter (mmol TE.g-1 DW).

FRAP Assay
The FRAP assay determined antioxidant activity 
(Pedersen et al., 2000). FRAP solution was created 
using 2,4,6-tris(2-pyridyl)-S-triazine (Sigma Aldrich, 
USA), ferric chloride (FeCl3) (Sigma Aldrich, USA), 
and acetate buffer (pH = 3.5). 3 mL of working FRAP 
solution and 0.5 mL of extract were mixed, stirred, and 
left in the dark for 20 min. The solution was measured 
at 593 nm against a blank solution, using a Shimadzu 
UV-1800 UV/Visible Scanning Spectrophotometer 
(Shimadzu, Kyoto, Japan). Based on the calibration 
curve, antioxidant activity was expressed as the mmol 
of Trolox equivalent per g of dried matter (mmol 
TE.g-1). Analyses were performed in 4 replicates. 

Statistical Analysis
The results are expressed as mean values of three 
replications ±standard deviation(SD). Data were 
analysed with the ANOVA test, and differences between 
means were compared through the Tukey-Kramer test 
(p ˂0.05).

Results and Discussion
Polyphenol content has become one of the most popular 
and interesting topics among plant biochemists, 
botanists, ecologists, etc. Polyphenol compounds are 
well-known secondary metabolites widely distributed 
in the plant world (Rasouli et al., 2017). They have 
been found in fruit plants (Swallah et al., 2020), 
medicinal herbs (Kulig et al., 2019), wines (Gutiérrez-
Escobar et al., 2021), honey (Jibril et al., 2019), etc. 
According to Ren et al. (2023), the L. bicolor honey is 
rich in polyphenol compounds. Extracts of these plants 
are rich in polyphenol compounds, in particular water 
extracts, such as rutin, quercetin, chlorogenic acid, etc. 
(Yaromiy et al., 2025).

According to Belwal et al. (2022), numerous drying 
techniques exist, each of which can have positive 
or negative aspects affected on plant raw materials 
depending on plant species. The study of the drying 
process of plant raw material with ascorbic acid, 
polyphenols, glycosides, and volatile compounds 
showed optimal temperatures for retaining these 
bioactive compounds in the range from 40 to 70 °C. In 
this case, the plant is raw dried at 55–60 °C, optimal 
for polyphenol content determination, and 60–70 °C 
for flavonoids (ElGamal et al., 2023). The optimal 
temperature for polyphenol retention during water 
extraction is 60–80 °C (Antony and Farid, 2022).

The total polyphenol content of different L. bicolor 
extracts are represented in Figure 1. All investigated 
extracts demonstrated an increase in total polyphenol 
content in plant extracts with raw dried at a higher 
temperature (65 °C). So, in stem, flower, and leaf 
extracts of L. bicolor dried at 65 °C, the polyphenol 

Figure 1 The total polyphenol content of Lespedeza bicolor Turcz. ethanol extracts depending on the temperature regime
GAE – gallic acid equivalent. Means in each column followed by different letters are significantly different (p <0.05)
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content increased 1.46, 1.89, and 2 times, respectively. 
The TPC of stem, flower, and leaf extracts of the plant 
dried at 45 °C was 15.5, 22.59, and 53.18 mg GAE.g-1, 
respectively. 

Kim and Kim (2010) found a significant difference 
between total polyphenol content in different extracts 
of L. cuneata, most of them determined in the ethyl-
acetate extracts (359.54 mg GAE.g-1) and the least 
in the water extract (21.24 mg GAE.g-1). According 
to Samiullah et al. (2012), the total polyphenol 
compounds of L. bicolor methanol extracts were 
1.66 and 1.23 mg GAE.g-1 in the aerial and root parts, 
respectively. Also, the methanol extract of this plant 
was effective against pathogenic strains. The study 
of L. bicolor methanolic extracts showed that the 
aerial part had 3.32 mg GAE.g-1 and root extracts 2.46 
mg GAE.g-1 of total polyphenol content (Ullah, 2017). 
The comparative analysis of three Lespedeza species 
showed that L. bicolor ethanol extracts had the most 
content of total polyphenol content, while L. cuneata 
exhibited the highest antioxidant potential (Chitiala 
et al., 2025). 

The numerous methods of antioxidant activity 
evaluation exist, among which DPPH, FRAP, ABTS, 
etc. (Alam et al., 2013). One of the most widely used 
methods of antioxidant activity evaluation is DPPH (α,α-
diphenyl-β-picrylhidrazyl), that based on measuring 
of DPPH concentration in the investigated solution 
(Kedare and Singh, 2011). The unreacted DPPH is 
a measure of the antioxidant activity of the investigated 
extract and depends on the quantity and nature 
of the used solvent, which can affect reaction kinetics 
(Dawidowicz et al., 2012). The antioxidant activity 
determined by the DPPH method in the investigated 
L. bicolor stem extracts was approximately the same

(Figure 2). The flower and leaf extracts of plants dried 
at 65 °C had antioxidant activity 1.08 and 1.05 times 
higher than those of plants dried at 45 °C. In this case, 
the antioxidant activity by the DPPH method didn’t 
depend on the temperature regime of raw plant drying. 
In total, the results of this parameter for plants dried at 
45 °C and 65 °C were as follows: stem extracts 48.92 and 
48.86 μmol TE.g-1, flower extracts 46.84 and 51 μmol 
TE.g-1, and leaf extracts 49.16 and 51.86 μmol TE.g-1.

The same results were obtained in the extracts to 
determine the antioxidant activity by the FRAP method 
(Figure 3). A slight increase was found in the obtained 
values in the flower and leaf extracts of plants dried 
at 65 °C, while in the stem extracts, the opposite was 
observed – the stem extracts had a slight decrease 
in plants dried at 65 °C. The antioxidant activity by 
the FRAP method of stem extracts of L. bicolor dried 
at 45 °C and 65 °C was 133.16 and 130.17 μmol TE.g-1, 
the flower extracts were 230.6 and 234.61 μmol TE.g-1, 
and the leaf extracts were 335.62 and 345.64 μmol 
TE.g-1, respectively. 

According to Zhu et al. (2025), the L. bicolor essential 
oil demonstrated 81.96 µmol.g-1 of antioxidant activity 
by the FRAP method.

The ABTS method of antioxidant capacity 
determination is based on radical cation absorbance 
and scavenging in the aqueous phase (Khade et al., 
2023). The antioxidant activity determination by 
the ABTS method of stem, flower, and leaf extracts 
of L. bicolor, as represented in Figure 4, showed no 
significant difference between extracts of plants dried 
at 45 and 65 °C. Stem and leaf extracts showed a slight 
increase in antioxidant activity in extracts dried at 
65 °C compared to those dried at 45 °C. In comparison, 
the extracts of flowers demonstrated a slight decrease 

Figure 2 The antioxidant activity by the DPPH method of Lespedeza bicolor Turcz. ethanol extracts depending 
on the temperature regime
TE – Trolox equivalent. Means in each column followed by different letters are significantly different (p <0.05)
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in antioxidant activity by the ABTS method in plants 
dried at 65 °C. So, stem extracts of plants dried at 
45 and 65 °C had 2.11 and 2.19 μmol TE.g-1, flower 
extracts 2.39 and 2.33 μmol TE.g-1, and 2.38 and 2.39 
μmol TE.g-1 of antioxidant activity by the ABTS method. 

The radical scavenging activity of L. cuneata different 
extracts was from 92.63 to 833.24 μg.mL-1 and from 
26.82 to 161.36 μg.mL-1 by DPPH and ABTS methods, 
respectively (scavenging radical by 50%) (Shin and 
Song, 2017). According to Mariadoss et al. (2023), the 
antioxidant capacity by the ABTS method of hexane, 
ethyl acetate, and methanol leaf extracts of L. cuneata 
exhibited 149.86, 58.32, and 237.23 μg.mL-1, 
respectively. The study of L. cuneata extract showed 

a strong anti-oxidative effect against free radicals by 
the DPPH and ABTS methods (Wahab et al., 2023). 
The total antioxidant capacity by the ABTS assay 
in the leaf extracts of Paulownia elongata was higher 
at drying regime 40 °C during 6 hours (6,065.8 μmol 
TE.g-1) than 80 °C during 2 hours (3,637.1 μmol TE.g-1) 
(Shahin et al., 2025).

Numerous studies showed a high positive correlation 
between total polyphenol content and different 
radical scavenging activities of extracts depending 
on plant species, extraction solution, and plant growth 
conditions (Akkari et al., 2016). In our experiment 
correlation between total polyphenol compounds and 
antioxidant capacity of extracts by DPPH and ABTS 

Figure 3 The antioxidant activity by the FRAP method of Lespedeza bicolor Turcz. ethanol extracts depending 
on the temperature regime
TE – Trolox equivalent; 45 °C – plant raw dried at 45 °C; 65 °C – plant raw dried at 65 °C. Means in each column followed by 
different letters are significantly different (p <0.05)
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Figure 4 The antioxidant activity by the ABTS method of Lespedeza bicolor Turcz. ethanol extracts depending 
on the temperature regime
TE – Trolox equivalent. Means in each column followed by different letters are significantly different (p <0.05)
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assays was stronger in extracts prepared from plant 
raw dried at 65 °C (Table 1). The relation between 
total polyphenol content and antioxidant capacity by 
the FRAP method was very strong, but didn’t depend 
on the drying regime of plant raw preparation. 
The correlation between DPPH and FRAP methods 
increased in extracts of plant raw dried at 65 °C (from 
r = 0.116 to r = 0.966). The correlation between FRAP 
and ABTS slightly increased with a higher temperature 
regime of plant raw drying.

Kim et al. (2010) found a high correlation between total 
polyphenol content and radical scavenging activity (by 
DPPH and ABTS) in Lespedeza spp. extracts.

Conclusions
Thus, L. bicolor plant extracts are a valuable source 
of bioactive compounds with antioxidant activity. 
The study of TPC and antioxidant activity by different 
methods showed that the temperature regime of plant 
raw material drying affected the polyphenols‘ content. 
In this case, the TPC of extracts significantly increased 
in plant raw material dried at 65 °C compared to those 
dried at 45 °C. Antioxidant capacity of extracts by the 
different methods wasn’t affected by the temperature 
regime of the plant raw material investigated. 
The obtained data can be used in further biochemical 
and pharmacological investigations. 
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