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Onobrychis solvent extracts. The highest act1v1t1.es were olbse.rved in the ethanol extract for gtems,
TPC flowers, seeds, and leaves, respectively, while in the methanol extract, the highest

activities were observed for stems, flowers, leaves, and seeds, respectively. In
antioxidant activity studies, the highest TPC (total phenolic content) ratio was found in
the leaf ethanol extract with 88.75 GA equivalent (mgGAE/g extract); in FRAP
(highest iron reducing power activity) results, the highest activity was found in the
methanol extract with 198.05 TE equivalent (mgTE/g extract), both solvents showing
the highest activity. The highest DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging activity results were observed significantly in the leaf methanol extract.
The findings obtained from the experiments revealed that O. oxyodonta possesses
antimicrobial and antioxidant properties. it is determined that O. oxyodonta extracts
have potential as natural sources of bioactive substances for future pharmaceutical or
functional food applications.

INTRODUCTION

Antioxidants function as a type of defense system that neutralizes the harm caused by these free radicals in the living
organism (Canbolat et al., 2021; Turan et al., 2022). In plants, over 8,000 polyphenols and polyphenol derivatives have
been reported to exhibit antioxidant properties (Chang et al., 2023; Turan et al., 2023a). The medicinal value and
therapeutic use of plants are generally attributed to their phytochemical composition (Turan et al., 2023b). Today,
pharmaceutical companies are increasingly focusing on the discovery of plant-based drugs, as medicinal plants contain
various phytochemicals with antimicrobial and antioxidant properties, such as flavonoids, alkaloids, tannins, and
terpenoids (Al Farraj et al., 2020; Gonelimali et al., 2018).

The Fabaceae family comprises nearly 20,000 species globally and includes plants of significant medicinal, economic, and
cultural value (Erbil et al., 2015). Members of this family commonly contain numerous chemically active compounds such
as tannins, flavonoids, and terpenes, which exhibit a wide range of biological activities (Moerman et al., 1999; Molares &
Ladio, 2012).

The genus Onobrychis consists of approximately 170 species predominantly distributed across the Anatolia-Caucasus
triangle, Southwest Asia, the Mediterranean region (Aktoklu, 2001). Onobrychis species are also well distributed
throughout Turkey, with 28 species classified as endemic (Y1ildirimli, 2004).

O. oxyodonta is a perennial plant 20-60 cm long, with pink flowers. It grows on roadsides, maquis, limestone hills in the
steppes and sandy slopes. Stems develop on the ground or upwards. Leaves “5-8” pairs of leaflets (Davis et al., 1962).

This study aimed to investigate the antimicrobial and antioxidant properties of Onobrychis oxyodonta extracts obtained
using different solvents.
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MATERIALS AND METHODS

Collection of plant samples

The species Onobrychis oxyodonta was brought from Diyarbakir-Ergani (Tirkiye) between May and July 2025 to
investigate the bioactivity properties of its extracts obtained using different solvents (Figure 1). Samples were collected
from coordinates 38°16'21"N 39°45'22"E and an altitude of 1077 m. While the vast majority of the dried specimens were
used in the study, a small portion was stored in the "Dicle University Faculty of Science Herbarium" (DUF 610-H.
Hosgoren). The plant materials were dried in batches according to parts—stem, leaf, flower and seed—and prepared for
experimental use.
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Figure 1. Photo of the plant in its natural habitat (H.Hosgoren)

Extraction

Ethanol and methanol (Merck), nutrient broth (Merck), nutrient agar (Merck), imipenem disk and blank disks (Oxoid)
were commercially available. Ethanol and methanol extractions of O. oxyodonta parts were performed following the
method of Usta et al. (2014), with minor modifications. The collected plant materials were first shade-dried and then
ground into a fine powder. Subsequently, extractions were carried out using different solvents (ethanol and methanol).
After extraction performed at room temperature for 24 hours in an orbital shaker at 170 rpm, the extracts were filtered, and
the solvents were removed using a reflux condenser under vacuum at 50 °C with an evaporator (Manandhar et al., 2019).
The extracts were placed in an oven at 40 °C for 24 hours to ensure they were completely dry. The resulting extracts were
stored at +4 °C until further use.

Antimicrobial activity

In the antimicrobial activity study, standard pathogens Gram (-) negative (Escherichia coli ATCC 25922) and Gram (+)
positive (Streptococcus pyogenes ATCC 19615) bacteria and yeast (Candida albicans ATCC 10231) were used as test
microorganisms.

Antimicrobial activities were determined with minor modifications using the disc diffusion method (Usta et al., 2014). For
this purpose, microorganisms were cultured overnight in liquid media at 37 °C. After the microorganisms were evenly
distributed on the surface of nutrient agar (NA) plates, blank paper discs were impregnated with 10 uL of extract at serial
concentrations of 50, 100, 200, and 400 mg/mL and placed on the agar surface. Inhibitory zones formed after 24-hour
incubation at 37 °C were measured in millimeters. Imipenem (10 mcg) antibiotic discs were used as the antimicrobial
standard. All antimicrobial activity tests were repeated three times.

Antioxidant activity
TPC-Total polyphenol content

The modified Folin-Ciocalteu method, the extracts were mixed with Folin reagent diluted 1:10 and 20% sodium carbonate
solution, then incubated in the dark at room temperature for 30 minutes. After the incubation period was completed,
absorbance measurements were taken at 760 nm using a microplate reader (Slinkard and Singleton, 1977).

DPPH-Radical Scavenging Activity

DPPH was evaluated using a different version of the method developed by Yu et al. (2002). Extracts were incubated in the
dark at room temperature for 30 minutes after the addition of 0.1 mM DPPH radical solution. At the end of the incubation,
measurements were taken at 517 nm using a microplate reader. The percentage inhibition of the results was calculated
using the formula given in Equation 2 (Canbolat et al., 2021).

FRAP- Determination of Iron Reducing Power

FRAP was expressed as mg Trolox equivalent (mg TE) per gram of extract. Using a modified version of Oyaizu's method,
40 pL of extract was mixed with 100 pL of K4[Fe(CN)s]*3H>O (potassium ferrocyanide) and 100 pL of 0.2 M phosphate
buffer (pH 6.6), and the resulting mixture was incubated in the dark at 50 °C for 20 minutes. After incubation, the mixture
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was allowed to cool under running water. The chilled mixture, to which 100 puL of 10% trichloroacetic acid (TCA) was
added, was centrifuged at 2000 x g for 10 minutes. 100 pL of the supernatant from the centrifuged samples was transferred
to a 96-well microplate, and then 20 puL of iron chloride and 100 pL of distilled water were added. The absorbance values
of the mixture, which was left at room temperature for 5 minutes, were measured at 700 nm. All analyses in the study were
performed in triplicate (Oyaizu, 1986).

Statistical Analyses

Statistical analyses were performed using SPSS 25.0 (Statistical Package for the Social Sciences). Normality of the data
was assessed with the Shapiro—Wilk test. After confirming normal distribution, antioxidant assay results were evaluated by
one-way ANOVA, and pairwise/groupwise comparisons were conducted using Ducan post hoc test (p < 0.05). Results are
expressed as the mean + standard deviation (SD) of three independent experiments. Statistical analyses in antimicrobial
activity studies were performed using Microsoft Office Excel program.

RESULTS

The extraction yields obtained from the ethanol and methanol extracts of the stem, leaves, flowers, and seeds of O.
oxyodonta are presented in Figure 2. In the ethanol extraction, the highest yield was obtained from the leaves (56.68%),
followed by flowers (35.88%), seeds (17.58%), and stems (16.88%). In the methanol extraction, the highest yield was also
from the leaves (61.20%), followed by flowers (52.20%), seeds (45.10%), and stems (26.88%). Detailed results of the
extraction yield calculations are presented in Figure 2.
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Figure 2. Solvent extraction yield results of O.oxyodonta plant

Antimicrobial Activity

Antimicrobial activity was tested on three different microorganisms: Gram (-) negative (E. coli ATCC 25922) and Gram
(+) positive (S. pyogenes ATCC 19615) bacteria and yeast (C. albicans ATCC 10231). No antimicrobial effect was
observed against E. coli and C. albicans microorganisms. However, both ethanol and methanol extracts demonstrated
significant anti-streptococcal activity against S. pyogenes. In the ethanol extract, the highest antimicrobial activities were
observed in the following order: stem, flower, seed, and leaf. In the methanol extract, the order was stem, flower, leaf, and
seed.

The antimicrobial activity results of the ethanol and methanol solvent extracts of O. oxyodonta are presented in Table 1.
Antioxidant Activity

TPC revealed that the ethanol extract contained polyphenols in the following amounts (Gallic acid equivalents “GAE”):
88.75 mg GAE/g in leaves, 61.48 mg GAE/g in stems, 59.24 mg GAE/g in flowers, and 48.29 mg GAE/g in seeds. In the
methanol extract, the amounts were 81.6 mg GAE/g in leaves, 57.45 mg GAE/g in seeds, 41.36 mg GAE/g in flowers, and
38.23 mg GAE/g in stems. The highest TPC was observed in the leaf ethanol extract. The total phenolic content results are
shown in Figure 3.

As for the FRAP analysis, the ethanol extracts demonstrated antioxidant activity in the following order (expressed as
Trolox equivalents, TE): 125.76 mg TE/g in leaves, 87.28 mg TE/g in flowers, 66.96 mg TE/g in stems, and 54.46 mg
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TE/g in seeds. For the methanol extracts, the antioxidant activity was 198.05 mg TE/g in leaves, 129.26 mg TE/g in seeds,
104.1 mg TE/g in flowers, and 69.29 mg TE/g in stems. The highest FRAP was observed in the leaf methanol extract. The
FRAP results can be seen in Figure 4.

Table 1. Antimicrobial activity results of different solvent extracts of O. oxyodonta plant

Gram (-) Gram (+) Yeast
Solvent Extract E. coli S. pyogenes C. albicans
Stem ND 16.3+1.2 ND
Ethanol Leaf ND 9.7+0.6 ND
ano Flower ND 13.743.2 ND
Seed ND 10.0+1.7 ND
Stem ND 16.3+1.5 ND
Leaf ND 10.3+0.6 ND
Methanol Flower ND 11.7+0.6 ND
Seed ND 6.0+0 ND
DMSO (Control) ND 6.0+0 ND
Imipenem (10 mcg) 33.740.6 39.740.6 6.0+0
Inhibition zone diameter averages
Concentration: 400 mg/mL
Disc diameter (6 mm ) is included in the zone values
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Figure 3. The amount of polyphenols in the O.oxyodonta plant
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Figure 4. FRAP results of the O.oxyodonta plant
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The DPPH antioxidant activity results of ethanol extracts at a concentration of 125 pg/mL were determined as 58.85% in
leaves, 45.76% in flowers, 22.46% in stems, and 20.28% in seeds. In the methanol extracts, the respective values were
84.07% in leaves, 57.96% in seeds, 49.8% in flowers, and 24.0% in stems. The results of DPPH activity in leaf methanol
extract are examined in Figure 5.
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Figure 5. DPPH inhibition by O. oxyodonta

DISCUSSION

This study aims to determine the total phenolic, antioxidant and antimicrobial activity levels of Onobrychis oxyodonta
plant parts. According to the solvent extraction yield results, the highest activity was observed in the leaf extracts in both
ethanol and methanol extracts. The highest antimicrobial activity was observed in the stem, and the highest antioxidant
activity was observed in the leaves in both FRAP and DPPH studies.

Truong et al. (2019) achieved a maximum efficiency of 33.2% in their extraction process using methanol as a solvent.

Karamian & Asadbegy (2016) evaluated the phenolic content and antioxidant activity of methanolic extracts of three
Onobrychis species (O. sosnovskyi Grossh., O. viciifolia Scop., and O. melanotricha Boiss.) and found a correlation
between antioxidant activities and total phenol content.

O. silvanensis extract was tested against two gram-positive (Staphylococcus aureus, Streptococcus pyogenes) and two
gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacteria and the fungus Candida albicans in terms of phenolic
content, antimicrobial and antioxidant capacity. In another study, DPPH activity was determined as 88.99+0.373% and
19.59+£0.167 mg TE/g using the FRAP method. According to the analysis results of the ethanol extract in our study, the
DPPH antioxidant activity results of ethanol extracts at a concentration of 125 ug/mL were found to be lower at 58.85%,
while a much better activity was observed with 125.76 mg TE/g in the FRAP analysis (Korfeci and Hosgoren, 2025).

Bioactivites of the flowers and roots of the O. armena species were investigated. In the antimicrobial activity study, they
were evaluated against human and fish pathogenic microorganisms using disk diffusion and liquid microdilution methods.
The results revealed that all extracts exhibited different levels of antimicrobial activity (Karakoca et al., 2015).

In addition, the anatomical features, antimicrobial activity, and antimutagenic effects of Onobrychis tournefortii were also
investigated. The findings revealed that the extract inhibited the growth of the tested pathogenic microorganisms to
varying degrees. Moreover, the study demonstrated that O. tournefortii exhibited antigenotoxic activity against the
mutagenicity of aflatoxin B1 (Zengin et al., 2015).

Bioactivity studies performed with methanol on 0 megataphros samples showed that the extract's activity in FRAP
analysis was 1.76 and its scavenging activity on DPPH radicals was 6.11 mg mL-1. (Muvakit & Elgin-Kilig, 2024).

CONCLUSION

According to the analysis results of the species; the highest yield was obtained from leaf methanol extracts, while the
highest phenolic compound content was also detected in the ethanol extract of the leaves. The highest activity in terms of
FRAP and DPPH was also observed in the leaf methanol extract. Although the plant's solvent extracts showed antibacterial
activity against “S. pyogenes”, no activity was observed against “E. coli” and “C. albicans”. In addition, strong antioxidant
activity was observed. Based on the evaluation of antioxidant activity results, it can be concluded that the species O.
oxyodonta possesses high levels of anti-streptococcal and antioxidant properties.
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