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This study aimed to perform a comparative evaluation of the antioxidant and antibacterial properties 

of ethanol-based extracts obtained using different extraction methods (microwave, ultrasonic, and 

maceration) of Helichrysum plicatum DC. In this context, total phenol content (TPC), total 

flavonoid content (TFC), and antioxidant activity of the extracts were determined. Furthermore, the 

antibacterial activity of the extracts was investigated using human pathogenic strains of Escherichia 

coli, Enterococcus faecalis, Staphylococcus aureus, and Pseudomonas aeruginosa. The types of 

phenolic compounds in the most effective microwave extract were identified using liquid 

chromatography tandem mass spectrometry (LC-MS/MS). The DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical scavenging assay was used to assess the extracts' antioxidant performance. 

Among the tested samples, the microwave-assisted extract exhibited the strongest activity, with an 

IC50 value of 86.40 µg/mL. In addition, TPC and TFC analyses revealed that the microwave extract 

contained the highest levels of bioactive compounds, with 484.99 mg GAE/g extract and 292.50 

mg QE/g extract, respectively. As a result of antibacterial activity tests, it was determined that the 

microwave extract showed the highest effect against the S. aureus strain by forming an inhibition 

zone of 20.60 mm. On the other hand, maceration extract exhibited an inhibition zone of 18.60 mm 

in diameter in the same bacterial strain. LC-MS/MS analysis revealed that quercetin (54.84 µg/g), 

trans-ferulic acid (23.38 µg/g), and salicylic acid (5.24 µg/g) were the major phenolic compounds 

in the microwave extract. These findings reveal the potential of H. plicatum extracts as natural 

antioxidants and antibacterial agents, and demonstrate the superiority of microwave extraction in 

terms of phenolic and flavonoid compound yield as well as biological activity. 

 

 

Keywords: 

Helichrysum plicatum 

Antioxidant activity 

Antibacterial activity 

Phenolic compounds 

LC-MS/MS analysis 

 

 

 
a  aybeniz.yildirim@firat.edu.tr  https://orcid.org/0000-0002-5801-4726   b  kadirgul@gumushane.edu.tr  https://orcid.org/ 0000-0003-4879-6194 

 

 This work is licensed under Creative Commons Attribution 4.0 International License 

 

Introduction 

Plants have been used throughout history to protect 

human health and treat various diseases. Bioactive 

compounds obtained from plants have recently gained 

importance for treating diseases (Bahadori et al., 2019). 

One of the plants used in this context is the genus 

Helichrysum (Asteraceae), of which there are more than 

600 species worldwide (Kherbache et al., 2020). Sixteen of 

these species are endemic to Turkey and are known as 

‘flower of immortality or eternal flower’ in Europe and 

‘golden herb or immortal flower’ in Turkey (Miloglu et al., 

2023). Members of the Helichrysum species are usually 

perennial plants and have aromatic properties (Akinfenwa 

et al., 2022). Species of the genus Helichrysum, 

particularly H. plicatum, have long been employed in 

traditional medicinal practices for managing various 

ailments such as cardiovascular, hepatic, and renal 

disorders, including kidney stones, jaundice, cough, 

gastrointestinal issues, hypertension, hemorrhoids, 

diarrhea, and for promoting wound healing (Miloglu et al., 

2023). Numerous biological studies on Helichrysum 

species have documented a range of effects, including 

antioxidant (Tepe et al., 2005), antimicrobial (Bigovic et 

al., 2017; Vujić et al., 2020), antidiabetic (Aslan et al., 

2007), hepatoprotective (Pljevljakusic et al., 2018), as well 

as diuretic and kidney stone preventive activities (Süzgeç-

Selçuk and Birteksöz, 2011). These biological activities are 

known to be largely due to polyphenols, flavonoids, and 

other secondary metabolites contained in plants (Acet et 

al., 2020). These areas of application are an indication of 

how versatile Helichrysum species are in traditional 

medicine and their therapeutic benefits in being used to 

treat various diseases (Akaberi et al., 2019). 

http://creativecommons.org/licenses/by-nc/4.0/
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The development of antibiotic resistance, largely 

driven by genetic mutations in certain bacterial strains, has 

become an increasingly pressing issue for global public 

health (Vambe et al., 2018). Antibiotic resistance poses a 

significant public health problem by complicating the 

treatment of infections. This circumstance calls for the 

development of novel antibacterial substances and the 

reevaluation of existing agents with alternative approaches. 

In this context, interest in medicinal and aromatic plants is 

steadily increasing. These plants, which are rich in 

phytochemicals, have been used for a long time in 

traditional medicine. Their many secondary metabolites 

have been shown to have promising antibacterial and 

antioxidant qualities (Tang et al., 2018; Yilar et al., 2018). 

Indeed, numerous studies have demonstrated that plant 

extracts exhibit significant antibacterial activity against 

various bacterial species, with some types providing 

meaningful inhibition on clinical isolates (Pezeshkpour et 

al., 2018). For instance, it has been demonstrated that plant 

extracts exhibit antibacterial qualities that are effective 

against gram-positive and negative bacterial strains, 

offering a possible substitute or supplement to traditional 

antibiotic treatments (Stermitz et al., 2000). As a result, 

there is increasing interest in finding new and improved 

antibacterial agents. 

Oxidative stress is a critical biochemical process that 

can harm essential biological molecules including proteins, 

DNA, and cell membranes when there is an imbalance 

between the body's antioxidant defense systems and 

generation of reactive oxygen species (ROS) (Gulcin, 

2020). This process plays a central role in the pathogenesis 

of numerous chronic conditions, such as age, cancer, 

cardiovascular diseases, arthritis, and inflammatory 

diseases (Durmaz et al., 2022). By neutralizing free 

radicals, giving hydrogen or electrons, quenching singlet 

oxygen, and chelating metal ions, antioxidant chemicals 

can lessen or stop these negative effects (Güven et al., 

2023). Therefore, antioxidants are of great importance in 

both the food industry and pharmaceutical applications for 

preventing oxidative degradation and protecting health 

(Gülçin, 2020). The decrease in trust in synthetic 

antioxidants has increased interest in natural antioxidants; 

especially medicinal plants containing phenolic 

compounds have come to the forefront with their strong 

antioxidant properties (Güven et al., 2023; Yaylaci et al., 

2007).  

Solvent type and extraction approach play a crucial role 

in determining how efficiently bioactive compounds are 

recovered from plant matrices. This is particularly 

important due to the increasing demand for phenolic 

compounds derived from Helichrysum species in the food, 

cosmetic, and pharmaceutical sectors. Solvent polarity and 

extraction method impact the compounds' yield of 

extraction (Azwanida, 2015). While the maceration 

method remains a commonly employed technique for 

extract preparation, contemporary approaches like 

microwave-assisted (MAE) and ultrasonic-assisted 

extraction (UAE) have gained significant popularity for 

isolating bioactive compounds in recent years (Zhang et al., 

2018). In medicinal aromatic plants like H. plicatum, the 

use of these extraction techniques can provide significant 

advantages in terms of the preservation of phenolic 

components and bioavailability. In order to identify the 

most successful and efficient extraction techniques, the 

study sought to examine how various extraction techniques 

affected the bioactive component profile of H. plicatum 

extracts. 

Different studies have been carried out in the literature 

to emphasize the potential uses of H. plicatum (Vujić et al., 

2020; Acet et al., 2020; Radan et al., 2024). However, to 

our knowledge, there are no reports on the effect of 

different extraction methods using ethanol as a solvent 

(microwave, ultrasonic, and maceration) on the biological 

activity of this plant. Thus, evaluating the antioxidant and 

antibacterial properties of H. plicatum extracts made using 

these various extraction techniques is the main goal of this 

investigation. The antioxidant activity of the extracts was 

evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 

radical scavenging assay. In addition, total phenolic 

content (TPC) and total flavonoid content (TFC) analyses 

were performed to support the assessment of antioxidant 

potential. Antibacterial effects were investigated by in 

vitro tests on four different bacterial strains, such as 

Escherichia coli, Enterococcus faecalis, Staphylococcus 

aureus, and Pseudomonas aeruginosa. Additionally, the 

phenolic constituents of the ethanol extract produced via 

MAE, which demonstrated the greatest biological activity, 

were analyzed and quantified by liquid chromatography-

tandem mass spectrometry (LC-MS/MS). The results will 

offer a crucial foundation for the creation of naturally 

occurring antioxidants and antibacterial agents and will 

contribute to a more comprehensive evaluation of the 

pharmacological potential of Helichrysum species in future 

studies. 

 

Materials and Methods 

 

Materials 

In this study, chemicals and reagents of analytical 

purity (HPLC grade) were used. Dimethyl sulfoxide 

(DMSO) (102952, ≥99.7%) and ethanol (06012, ≥99.9%) 

were obtained from Merck KGaA (Germany). For 

antioxidant analyses, ascorbic acid (A5960, ≥99%), DPPH 

(D9132, ≥95%), Folin–Ciocalteu reagent (F9252), gallic 

acid (G7384, ≥98%), sodium carbonate (Na2CO3) (451614, 

≥99.5%), and quercetin (Q4951, ≥95%) were purchased 

from Sigma-Aldrich (USA). In addition, sodium hydroxide 

(NaOH) (106498, ≥98%), sodium nitrite (NaNO2) 

(106549, ≥97%), and aluminum chloride hexahydrate 

(AlCl3·6H2O) (101084, ≥98%) were supplied by Merck 

KGaA (Germany). For antibacterial tests, nutrient broth 

(NB) (1.05443), nutrient agar (NA) (1.05450), and 

ampicillin (A9393, ≥98%) were also obtained from Merck 

KGaA (Germany). The microorganisms used in the 

antibacterial tests, including E. coli ATCC 25922, P. 

aeruginosa ATCC 27853, E. faecalis ATCC 23212, and S. 

aureus ATCC 25923, were supplied by the Microbiology 

Laboratory of Gumushane University's Food Engineering 

Department. 

 

Plant Material 

Above-ground parts of H. plicatum were harvested in 

August 2020 from Şahindere village, located in the Baskil 

district of Elazığ province (39.284733° N, 42.799837° E). 

The plant material was taxonomically identified, and 

voucher specimens were prepared by Prof. Dr. Eyüp Bağcı 



Yıldırım and Gül / Turkish Journal of Agriculture - Food Science and Technology, 13(s1): 2429-2439, 2025 

2431 

 

from the Faculty of Science at Fırat University. In the 

Faculty of Pharmacy Herbarium at Fırat University in 

Elazığ, Turkey, a reference sample (Herbarium No: 1002 

FUE) was kept after the plant material was verified. 

 

Preparation of Plant Extracts 

The above-ground parts of H. plicatum plants were 

dried in the laboratory at 25°C for about 1 week and 

processed into a fine particulate form with the aid of a 

mechanical grinder (Blender 8011ES, USA). The 

powdered sample (100 g) was subjected to three different 

extraction methods (maceration, MAE, and UAE). For the 

maceration method, 500 mL of ethanol (1:5 w/v) was 

added to the powder sample at laboratory temperature and 

kept for three days (Taşkın et al., 2020). For the MAE 

method, the same amount of ethanol was mixed with the 

powder sample and heated in a microwave oven (ALMD 

17B, Turkey) at 200 W and 50ºC for 18 minutes (Gallo et 

al., 2010). Finally, for the UAE process, the same amount 

of ethanol was mixed with the powder sample and 

extracted by placing it in an ultrasonic bath (WUC-D10H, 

South Korea) at a steady power (320 W) and frequency (35 

kHz) without heating, at laboratory temperature, for 1 day 

(Radan et al., 2024). At the end of the time periods in each 

method, the mixtures obtained were filtered. The filtrates 

were centrifuged at 10,000 rpm for 15 minutes using a 

centrifuge (Allegra X-30R, Germany) for purification. In a 

rotary evaporator (Hei-VAP Advantage, Heidolph, 

Germany) set at 50°C with a lower pressure (10 mbar), the 

solvents of the resultant extracts were eliminated. 

Maceration extract was coded as HPE-Mas, microwave 

extract as HPE-Mic, and ultrasonic extract as HPE-Ult. All 

extracts obtained were stored at +4°C for further studies. 

The extraction yield of each extract obtained through the 

three different techniques was calculated based on the 

following equation 1: 

 

Yield (%) = 
𝑃

𝑅
 × 100     (1) 

 

where P represents the amount of the obtained dried 

extract powder (g), and R denotes the initial amount of 

plant material used for extraction (g) (Baltacı et al., 2022). 

 

Determination of DPPH Radical Scavenging Activity 

The DPPH radical scavenging activity of the samples 

was evaluated using a modified version of the method 

originally described by Jadid et al. (2017), with slight 

adjustments to suit the experimental conditions. For the 

assay, 100 μL of each sample, prepared at concentrations 

of 5, 0.625, 0.078, and 0.0098 mg/mL, and the standard 

ascorbic acid (AA) solution, prepared at varying 

concentrations (250, 31.25, 3.90, and 0.048 μg/mL) in 

DMSO, were transferred into test tubes. Subsequently, 1.9 

mL of a 0.1 mM DPPH solution prepared in methanol was 

introduced into each test tube. After vortexing, the mixture 

was kept in a dark environment for 30 minutes. At the end 

of this period, absorbance measurements were performed 

in plastic cuvettes using an ultraviolet-visible (UV-vis) 

spectrophotometer (UV-1800, Shimadzu, Japan) at a 

wavelength of 517 nm. A control was prepared by adding 

an equal volume of DMSO instead of just the samples, 

keeping all components in the method constant. The DPPH 

activities of the samples were quantified using a standard 

calibration curve generated from various concentrations of 

AA (250, 31.25, 3.90, and 0.048 µg/mL), with the 

regression equation y = 4.1349x + 77.6835 and an R2 value 

of 0.9820. DPPH radical scavenging activity as a 

percentage was computed using equation 2: 

 

DPPH (%) = [(A0 – A1) / A0] × 100  (2) 

 

A1 represents the absorbance of the samples, while A0 

indicates the absorbance of the control. IC50 was used to 

express the ethanol extracts' antioxidant activity. The IC50 

values (the concentration causing 50% inhibition) of the 

extracts were determined from the graph plotting sample 

concentration against the percentage of DPPH radical 

scavenging activity (Albayrak et al., 2010a).  

 

Determination of Total Phenolic Content (TPC) 

TPCs of the samples were determined using the Folin–

Ciocalteu method with certain modifications based on the 

procedure described by Tian et al. (2019). Briefly, 100 µL 

of each sample prepared at a concentration of 5 mg/mL in 

DMSO and the standard solution were transferred into test 

tubes. Subsequently, 200 µL of Folin–Ciocalteu reagent, 2 

mL of deionized water, and 1 mL of 20% (w/v) Na2CO3 

solution were added in sequence. The resulting mixtures 

were vortexed and then incubated in the absence of light at 

room temperature for a duration of 2 hours. Following 

incubation, absorbance was assessed at 765 nm utilizing a 

UV-visible spectrophotometer. To prepare the blank, an 

equal volume of DMSO was used in place of the sample, 

with all other components of the method remaining 

unchanged. TPCs of the samples were determined using a 

gallic acid (GA) standard curve. The calibration curve was 

constructed using concentrations between 0.98 and 500 

µg/mL, with the resulting equation y = 1.8231x − 0.0023 

and an R2 value of 0.98. The results were reported as mg of 

GA equivalents per g of plant extract (mg GAE/g). 

 

Determination of Total Flavonoid Content (TFC) 

The TFC of the samples was determined using a 

modified method based on Zhang et al. (2013), with slight 

adjustments to fit the experimental setup. An aliquot of 250 

µL from the sample solutions, dissolved to obtain a 

concentration of 5 mg/mL in DMSO, and from the standard 

solution was transferred into test tubes. The samples were 

then vortexed after receiving 75 µL of 5% (w/v) NaNO2 

and 1.25 mL of ultrapure water. After a 6-minute 

incubation, 150 µL of 10% (w/v) AlCl3.6H2O was 

introduced to the mixture. Following an additional 5 

minutes, the mixtures were vortexed again, then 500 µL of 

1 M NaOH was added, and the total volume was brought 

to 2.5 mL with ultrapure water. The absorbance of the 

resulting solutions was measured at 510 nm using a UV-

Vis spectrophotometer. A blank was prepared using the 

same process, substituting the plant extract with an 

equivalent volume of DMSO. TFCs of the samples were 

quantified using a quercetin (Q) standard calibration curve 

as a reference, prepared at concentrations ranging from 

0.488 to 250 µg/mL, with the equation y = 2.4352x + 

0.0413 and an R2 value of 0.9995. The results were 

reported as mg of Q equivalents per g of plant extract (mg 

QE/g). 
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Table 1. LC-MS/MS analysis conditions of HPE-Mic sample 

Solvent Program 

Time 

(min) 

A (%) 

(water with 0.1% formic acid and 5 mM 

ammonium formate) 

B (%) 

(acetonitrile with 0.1% 

formic acid) 

0.00 85.0 15.0 

5.00 75.0 25.0 

15.00 25.0 75.0 

16.00 0.0 100.0 

20.00 0.0 100.0 

22.00 85.0 15.0 

40.00 85.0 15.0 

Column properties Poroshell 120 EC-C18 (50 mm × 4.6 mm I.D., 2.7 µm particle size) 

Column oven temperature 30°C 

Injection volume 4.0 µL 

Analysis time 40 min 

Solvent flow rate 400 µL/min 

 

 

Determination of Antibacterial Activity 

In this study, the antibacterial properties of the samples 

were evaluated against human pathogenic strains, 

including gram-positive bacteria (S. aureus and E. faecalis) 

and gram-negative bacteria (P. aeruginosa and E. coli). 

Karpuz et al. (2024) state that the antibacterial qualities 

were evaluated using the agar well diffusion method. 

Before the experimental procedures, each bacterial strain 

was incubated in NB for 18 hours to ensure that they 

reached the active growth phase, thereby allowing them to 

enter the logarithmic phase. The turbidity of the suspension 

was adjusted by comparison with the 0.5 McFarland 

standard. After that, the bacteria were dispersed onto NA 

petri plates until the final concentration was roughly 1.5 × 

108 CFU/mL, and the petri plates were left to stand for a 

period to allow the cells to adhere to the medium. Then, 6 

mm diameter sterile wells were made in each petri plate. 

The samples were dissolved in DMSO, and 50 µL of each 

sample solution at 10 mg/mL concentration was added to 

the wells. The petri plates were kept at laboratory 

temperature for 2 hours to allow the samples to diffuse into 

the agar medium. Then, all petri plates were incubated at 

37°C for 16-18 hours to allow bacterial growth to take 

place. The sizes of any inhibitory zones found on each petri 

plate were measured in millimeters following the 

incubation time. The positive control was ampicillin at a 

concentration of 50 µg/mL. 

 

Determination of Phenolic Compounds in H. 

plicatum Extracts by LC-MS/MS 

The phenolic compound contents of the HPE-Mic 

sample obtained from the H. plicatum were assessed 

utilizing an LC-MS/MS instrument (Agilent 6460 Triple 

Quadrupole). Using a modified version of the Başar et al. 

(2024) method, phenolic compound analyses were 

performed. For analysis, a total of 50 mg of the sample was 

introduced into test tubes, and 1 mL of a ternary solvent 

system consisting of acetonitrile, methanol, and water in 

equal proportions was added. A homogenous solution was 

created by vortexing the material. After phase separation, 

the resultant extract was centrifuged for five minutes at 

7,000 rpm with 0.8 mL of hexane added. The sample from 

the lower phase was diluted 1:4 with mobile phase and 

passed through a 0.25 µm membrane filter and prepared for 

LC-MS/MS analysis. The experimental parameters 

employed for the analysis are summarized in Table 1. 

Using an electrospray ionization (ESI) source, analyses 

were conducted in both positive and negative ionization 

modes. The strategy was optimized using the multiple 

reaction monitoring (MRM) mode. Phenolic compounds 

were specifically identified based on their distinctive 

precursor-to-product ion transitions. Ion pairs and 

transition voltages of MRM transitions were optimized 

according to the standards. Quantitative analyses were 

performed using calibration curves (R2 > 0.990) generated 

with standard solutions prepared at different 

concentrations (0.125-100 ppm) for each phenolic 

compound. 

 

Statistical Analysis 

All experiments were independently conducted in 

triplicate. The results are expressed as mean ± standard 

deviation (SD). Statistical analyses were performed using 

the demo version of GraphPad Prism 8 software. Data were 

evaluated using one-way analysis of variance (ANOVA), 

followed by Tukey’s multiple comparison test to determine 

significant differences among the groups. A p-value < 0.05 

was considered statistically significant. 

 

Results and Discussion 

 

Comparative Analysis of Extraction Yields 

Extraction yields (% w/w, calculated on the basis of 

100 g of dry plant material) were determined to enable a 

quantitative comparison of the three extraction methods. In 

this study, MAE (HPE-Mic) provided the highest yield 

(12.35%), followed by UAE (HPE-Ult, 10.10%) and 

maceration (HPE-Mas, 8.90%). The higher yield observed 

in MAE (together with the elevated TPC/TFC values for 

HEP-Mic: TPC = 484.99 mg GAE/g extract; TFC = 292.50 

mg QE/g extract) is consistent with the well-documented 

ability of microwaves to promote intracellular heating, cell 

wall disruption, and rapid mass transfer, thereby enhancing 

the recovery of polar phenolics compared to conventional 

maceration (Osorio-Tobón, 2020). Similarly, UAE 

typically improves mass transfer through cavitation and 

often yields higher recoveries than maceration (Oroian et 

al., 2020). However, extraction yield alone does not fully 
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determine bioactivity: the LC-MS/MS profile of the most 

active extract (HPE-Mic) revealed high levels of major 

phenolics such as quercetin (54.84 µg/g) and trans-ferulic 

acid (23.38 µg/g). These compounds, together with the 

elevated TPC/TFC values, most likely explain the superior 

DPPH radical scavenging activity (IC50 = 86.40 µg/mL) 

and the stronger antibacterial effect against S. aureus 

(inhibition zone: 20.60 mm) observed for HPE-Mic. These 

observations are in agreement with previous reports on 

Helichrysum species, where ethanol extract yields were 

shown to vary between 7–20% depending on species, plant 

part, and extraction conditions, and where comparative 

studies highlighted the superiority of MAE/UAE over 

maceration in recovering phenolics and, in many cases, 

enhancing bioactivity (Bahadirli et al., 2024; Vujić et al., 

2020; Osorio-Tobón, 2020; Oroian et al., 2020). Therefore, 

in addition to extraction yields (% w/w), complementary 

TPC/TFC and LC-MS/MS data were reported, enabling a 

combined evaluation of extraction efficiency and the 

chemical basis of bioactivity. This strengthened the 

method-to-method comparisons and clarified why, under 

our experimental conditions, MAE produced the most 

bioactive extract.  

 

TPC, TFC, and Antioxidant Activity 

Antioxidants contribute to cellular protection by 

preventing or slowing down oxidative damage induced by 

free radicals, thereby mitigating the effects of oxidative 

stress (Aguilera et al., 2016). The antioxidant capabilities 

of plant extracts are largely due to their phenolic 

constituents, such as phenolic acids and flavonoids 

(Bigovic et al., 2011). These bioactive molecules inhibit 

enzymes responsible for ROS generation and scavenge free 

radicals through metal ion chelation or hydrogen atom 

donation (Chandrasekara, 2019). The DPPH assay, which 

is one of the in vitro methods widely used in the evaluation 

of this biological activity, is especially preferred due to its 

strong association with the presence of phenolic content. In 

line with this information, the antioxidant potential as well 

as TPC and TFC contents of the extracts of H. plicatum 

obtained by three different extraction methods (HPE-Mic, 

HPE-Mas, and HPE-Ult) were evaluated (Table 2). The 

DPPH radical scavenging activities, summarized in Table 

2, were assessed using IC50 values, which indicate the 

concentration required to inhibit 50% of free radicals 

(Rahamtulla et al., 2023). As illustrated in Table 1, the 

HPE-Mic extract exhibited the lowest IC50 value (86.40 ± 

0.28 µg/mL), demonstrating moderate antioxidant activity 

according to the classification reported by Yıldırım et al. 

(2025). This activity was statistically compared with that 

of the standard antioxidant, ascorbic acid (AA). The DPPH 

value of HPE-Mic extract was followed by HPE-Mas 

(87.66 ± 0.15 µg/mL) and HPE-Ult (90.18 ± 0.60 µg/mL), 

respectively. Since a lower IC50 value indicates higher 

antioxidant capacity, it can be said that HPE-Mic 

extraction is more effective in the extraction of phenolic 

compounds. 

Based on the information shown in Table 2, the HPE-

Mic sample had the highest average TPC value (484.99 ± 

4.18 mg GAE/g). However, the extracts obtained by 

maceration (HPE-Mas; 474.12 ± 14.6 mg GAE/g) and 

ultrasonic (HPE-Ult; 466.89 ± 12.7 mg GAE/g) methods 

have similar levels of phenolic content. Considering the 

standard deviations, it is possible to say that there is no 

significant difference between the phenolic contents 

obtained by the extraction method; therefore, it is possible 

to say that all three methods are comparably effective in 

the extraction of phenolic compounds. Phenolic 

compounds are one of the main determinants of antioxidant 

activity, and therefore a consistent trend was observed 

between DPPH results and TPC values (p < 0.05). 

Similarly, the extract richest in TFC was HPE-Mic (292.5 

± 0.58 mg QE/g), followed by HPE-Mas (240.8 ± 0.60 mg 

QE/g) and HPE-Ult (235.05 ± 0.50 mg QE/g). This study 

reveals that the microwave method enables efficient 

extraction of some flavonoid compounds. 

The DPPH IC50 values obtained in the present study 

indicate low or high antioxidant activity compared to some 

studies in the literature. For example, methanol extracts of 

H. plicatum, H. chionophilum, and H. arenarium collected 

from the Sivas region by Tepe et al. (2005) showed higher 

antioxidant capacity with IC50 values of 48 µg/mL, 40.5 

µg/mL, and 47.6 µg/mL, respectively. In another study, 

Albayrak et al. (2010a) reported that the IC50 value of the 

methanol extract from H. plicatum subsp. pseudoplicatum 

against the DPPH radical was 38.82 µg/mL. Although 

these values are lower than the IC50 value obtained in our 

study, it is thought that many parameters, such as 

extraction method, solvent selection, and geographical 

source difference, may have created this difference. 

Furthermore, the fact that the plant was directly extracted 

with methanol may have made the polyphenol release more 

efficient. In contrast, Ebrahimzadeh and Tavassoli (2015) 

reported an IC50 value of 438 µg/mL for methanol extracts 

of H. pseudoplicatum. In another study by Acet et al. 

(2020), the DPPH IC50 value for the ethanol extract from 

the flower of H. plicatum was 234.8 µg/mL, while for the 

root it was 381.6 µg/mL. Compared to these literature 

values, our result is lower, suggesting that the H. plicatum 

sample used in our study may possess a stronger 

antioxidant potential. This high antioxidant capacity can be 

attributed to a more efficient extraction method that 

enables better recovery of phenolic compounds, which are 

known for their antioxidant properties (Osorio-Tobón, 

2020). In addition, variations in plant origin, harvest time, 

and solvent selection may also account for this outcome. 

 

Table 2. Antioxidant activity of various extract of H. plicatum* 

Extracts DPPH IC50 (µg/mL) TPC (mg GAE/ g) TFC (mg QE/ g) 

HPE-Mic 86.40 ± 0.28b 484.99 ± 4.18a 292.50 ± 1.80a 

HPE-Mas 87.66 ± 0.15c 474.12 ±14.60b 240.80 ± 0.60b 

HPE-Ult 90.18 ± 0.60d 466.89 ± 12.70c 235.05 ± 0.50c 

AA 25.20 ± 1.20a   
*Results are the mean ± SD of three different measurements. In each column, values obtained from three independent experiments that are labeled with 

different superscript letters (a–d) are considered significantly different at the p < 0.05 level. 
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In the present study, in addition to evaluating DPPH 

radical scavenging activity, the TPC and TFC contents of 

H. plicatum HPE-Mic, HPE-Mas, and HPE-Ult samples 

were also determined. The findings indicated that the 

amount of bioactive compounds in the extracts varied 

depending on methodological differences, particularly in 

TFC analysis. The results of our study are consistent with 

those reported by Acet et al. (2020). In the study, the TPC 

value of the ethyl alcohol extract of H. plicatum was 

determined as approximately 500 mg GAE/g for flower 

and stem extracts, and the TFC was determined as 

approximately 55 mg QE/g (Acet et al., 2020). These 

results support the highest TPC value obtained in our study 

(484.99 mg GAE/g). The TFC determined in our study was 

found to be higher, with a value of 292.50 mg QE/g. 

Furthermore, Aslan et al. (2007) determined the TPC value 

of ethanol extract prepared from H. plicatum subsp. 

plicatum flowers as 113.5 mg GAE/g and the TFC value as 

50.5 mg QE/g. These values are lower than the TPC and 

TFC levels of HPE-Mic, HPE-Mas, and HPE-Ult samples 

in our study. The use of different plant parts (flower, leaf, 

stem) and extraction techniques may be one of the main 

reasons for these different results. Similarly, Albayrak et 

al. (2010a) reported that the TPC values of methanol 

extracts ranged between 73.70 and 160.63 mg GAE/g in a 

study conducted on 16 Helichrysum species. This range is 

below the TPC values obtained in our study. This finding 

suggests that ethanol may be more effective in the 

extraction of phenolic compounds than methanol in some 

Helichrysum species. On the other hand, Ebrahimzadeh 

and Tavassoli (2015) reported TPC and TFC values of H. 

pseudoplicatum methanol extract as 22.7 mg GAE/g and 

9.6 mg QE/g, respectively. These values are quite low 

compared to the data obtained in our study. In conclusion, 

the wide range of TPC and TFC values in different studies 

in the literature reveals that plant species, geography, 

harvest time, and extraction parameters play a determining 

role in TPC and TFC. 

TFC was significantly impacted by several extraction 

techniques in the current investigation. Especially the 

microwave method increased the solubility and 

bioavailability of flavonoids (Azwanida, 2015). Since 

flavonoids are known to be one of the main effective 

groups, especially in antioxidant and antimicrobial 

activities, this result may be related to or may contribute to 

the observed biological activity. These results allow for the 

evaluation of the H. plicatum plant and its various extracts 

as a natural antioxidant source. 

 

Antibacterial Activity  

This study examined the antibacterial properties of H. 

plicatum extracts obtained through three different 

extraction techniques (HPE-Mic, HPE-Mas, and HPE-Ult) 

against four distinct bacterial strains (E. coli, P. 

aeruginosa, S. aureus and E. faecalis). Table 3 presents the 

diameters (in mm) of the inhibition zones formed by H. 

plicatum extracts against all tested bacterial strains, while 

Figure 1 displays the corresponding petri plate images. As 

seen in Table 3, HPE-Mic revealed an inhibition zone of 

19.50 ± 0.60 mm against P. aeruginosa and 20.60 ± 0.8 

mm against S. aureus. HPE-Ult extract exhibited inhibition 

zones of 12.50 ± 0.20 mm for P. aeruginosa and 17.45 ± 

0.40 mm for S. aureus, whereas HPE-Mas exhibited zones 

of 15.20 ± 0.30 and 18.60 ± 0.35 mm on the same strains. 

These results indicate that the HPE-Mic sample has the 

highest antibacterial activity among the extracts tested.  

In this study, DMSO was used as a negative control, 

and preliminary assays confirmed that it did not exhibit any 

antibacterial activity. Therefore, its results were not 

included in the Table 3. When the data in Table 3 were 

evaluated, the control antibiotic ampicillin (50 µg/mL) 

exhibited strong inhibitory effects against all tested 

bacteria. Clear inhibition zones were recorded for the 

Gram-negative strains E. coli (27.15 ± 0.30 mm) and P. 

aeruginosa (48.70 ± 1.75 mm), as well as for the Gram-

positive strains S. aureus (41.10 ± 1.15 mm) and E. faecalis 

(21.55 ± 0.30 mm). In contrast, the plant extracts (HPE-

Mic, HPE-Ult, and HPE-Mas; 10 mg/mL) demonstrated 

significantly lower inhibition zone diameters compared to 

the antibiotic (p < 0.05). None of the extracts showed an 

antibacterial effect on E. coli and E. faecalis.  This suggests 

that the phytochemical compounds contained in the 

extracts may be ineffective against these bacteria due to 

differences in cell wall structure. The outer membrane 

structure in gram-negative bacteria may limit the 

penetration of plant compounds. Furthermore, MAE 

appears to enhance antibacterial activity. This can be 

explained by more efficient extraction of polyphenolic and 

volatile compounds under heat and pressure. The 

microwave method is stated to increase the efficiency of 

antibacterial agents by facilitating cell wall degradation 

(Wang and Weller, 2006). 

The findings of the present study align with numerous 

reports in the literature. Özcan and Acet (2018) evaluated 

the antimicrobial properties of five different extracts—

hexane, ethyl acetate, ethanol, methanol, and water—from 

H. chionophilum. Their investigation revealed that the 

ethanol extract exhibited the most significant antibacterial 

effect against P. aeruginosa among all bacterial strains 

tested. The inhibition zones for E. coli, Klebsiella 

pneumoniae, Salmonella typhimurium, and Yersinia 

enterocolitica ranged between 9 and 10 mm. Regarding 

gram-positive bacteria, the ethanol extract showed an 

inhibition zone of 10 mm exclusively against Enterococcus 

faecium among tested strains, which also included S. 

epidermidis, E. faecalis, Enterococcus hirae, methicillin-

resistant S. aureus (MRSA), and S. aureus (Özcan and 

Acet, 2018). Similarly, Albayrak et al. (2010b) 

investigated the antibacterial effects of the methanol 

extract of H. plicatum on all bacterial strains tested in the 

study. They reported inhibition zones ranging from 14.5 to 

26.0 mm against P. aeruginosa and between 14.5 and 28.5 

mm against S. aureus. However, no antibacterial effect was 

observed against the E. coli strain. The results obtained in 

this study show a significant parallelism with the results 

obtained in our study. 

In the study conducted by Bigovic et al. (2017), 

ethanol-based extracts of H. plicatum demonstrated 

significant antibacterial efficacy toward gram-positive 

bacteria, with minimum inhibitory concentration (MIC) 

values as low as 0.01–0.02 mg/mL. Specifically, strains 

including Bacillus subtilis, Listeria monocytogenes, 

Micrococcus flavus, and Micrococcus luteus were shown 

to be fully inhibited at these low concentrations. Our study 

also revealed strong antibacterial activity specifically 

against the gram-positive S. aureus strains. According to 
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Vujić et al. (2020), H. plicatum extracts prepared using 

various solvents, especially the dichloromethane extract 

(DCME), demonstrated potent antibacterial effects. These 

effects were observed against a broad spectrum of bacterial 

strains, with MIC values ranging between 0.157 and 2.5 

mg/mL. Especially DCME extract was found to be more 

effective than the antibiotic chloramphenicol against P. 

aeruginosa. In this context, the high inhibition zone of the 

HPE-Mic sample against P. aeruginosa indicates that 

Helichrysum extracts have therapeutic potential against 

this resistant pathogen. 

H. plicatum extracts were evaluated against four gram-

negative and seven gram-positive bacterial strains in the 

Acet et al. (2020) investigation. A weak effect was 

observed against gram-negative bacteria; however, notably 

high antibacterial activity was reported against gram-

positive strains such as MRSA, Listeria monocytogenes, 

Bacillus cereus, and E. faecalis. This finding is consistent 

with the strong activity observed against the gram-positive 

S. aureus strain in our study. Similar results were also 

reported in the study conducted by Albayrak et al. (2010a). 

In this study, the methanolic extracts of H. plicatum were 

reported to be effective against species such as S. aureus, 

P. aeruginosa, and K. pneumoniae; however, no activity 

was observed against the gram-negative bacteria E. coli, 

Morganella morganii, Yersinia enterocolitica, and the 

yeast Saccharomyces cerevisiae. These findings are in 

direct agreement with the results observed in our study 

against E. coli and E. faecalis. 

 

Table 3. Antibacterial activity of H. plicatum extracts produced by different extraction methods 

Samples 

Diameter of inhibition zones, mm* 

Gram-negative Gram-positive 

E. coli P. aeruginosa S. aureus E. faecalis 

E1: HPE-Mic-10 mg/mL NA 19.50 ± 0.60b 20.60 ± 0.8b NA 

E2: HPE-Ult -10 mg/mL NA 12.50 ± 0.20c 17.45 ± 0.40c NA 

E3: HPE-Mas- 10 mg/mL NA 15.20 ± 0.30c 18.60 ± 0.35c NA 

Ampicillin 27.15 ± 0.30a 48.70 ± 1.75a 41.10 ± 1.15a 21.55 ± 0.30a 
* The findings reflect the mean ± SD of three replicate samples (n = 3). Control antibiotic: Ampicillin (50 µg/mL), NA: Not Active. The means of three 
separate studies are indicated in each column with a different superscript letter (a–c) to indicate statistically significant differences (p < 0.05). 

 

 
Figure 1. Petri plates showing antibacterial activity  

(1: (HPE-Mic -10 mg/mL), 2: (HPE-Ult -10 mg/mL) and 3: (HPE-Mas- 10 mg/mL)) 
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Table 4. Phytochemical content of HPE-Mic sample by LC-MS/MS 

No Compound RTa µg analyte/g extract MI (m/z)b Ion mode LOD/ LOQ (µg/L) 

1 Gallic acid 2.267 ND 168.9 Negative 0.5/1.75 

2 Epigallocatechin 2.592 ND 307 Positive 2.06/6.59 

3 Chlorogenic acid 2.813 ND 353 Negative 0.7/2.31 

4 Catechin 2.729 ND 288.9 Negative 1.5/4.8 

5 Gentisic acid 2.663 ND 152.8 Negative 0.55/1.76 

6 Caffeic Acid 3.418 ND 178.9 Negative 0.86/2.68 

7 Syringic acid 3.640 ND 199 Positive 0.62/2.34 

8 Vanillic acid 3.531 ND 167.1 Negative 0.29/0.95 

9 Rutin 3.650 ND 609.1 Negative 1.46/5.43 

10 Isoquercitrin 4.462 ND 464.9 Positive 10.7/33.5 

11 Polydatin 4.430 ND 391 Positive 1.22/4.3 

12 Hydroxybenzaldehyde 5.103 ND 121 Negative 2.9/9.66 

13 p-coumaric acid 4.680 1.06 ± 0.03 163.1 Negative 0.19/3.4 

14 Sinapic acid 5.512 ND 224.9 Positive 0.5/4.5 

15 Vanillin 5.416 3.56 ± 0.05 152.9 Positive 1.2/4.03 

16 Taxifolin 5,963 ND 303 Negative 0.9/2.33 

17 trans-ferulic acid 4.871 23.38 ± 0.80 193.1 Negative 0.45/1.35 

18 Salicylic Acid 6.912 5.24 ± 0.08 137 Negative 1.77/5.31 

19 o-coumaric acid 7.906 ND 162.8 Negative 0.56/1.68 

20 Baicalin 7.974 ND 447 Positive 3.4/10.2 

21 Protocatehuic ethyl ester 8.361 ND 181 Negative 0.75/2.25 

22 Protocatechuic acid 8.424 ND 152.9 Negative 1.23/3.69 

23 Quercetin 10.127 54.84 ± 1.50 300.8 Negative 2.2/7.26 

24 Trans-cinnamic acid 10.953 ND 147.1 Negative 0.67/1.94 

25 Naringenin 11.455 0.47 ± 0.01 270.9 Negative 0.21/0.73 

26 Kaempferol 11.544 ND 287 Positive 0.99/3.17 

27 Morin 11.933 ND 302.9 Positive 2.4/7.68 

28 7-Hydroxyflavone 12.088 ND 238.9 Positive 2.71/8.94 

29 Chrysin 13.693 ND 254.9 Positive 0.55/1.87 

30 Luteolin 13.887 ND 285 Positive 1.6/5.44 

31 Biochanin A 13.875 ND 283 Negative 1.8/5.58 

32 5-Hydroxyflavone 15.755 ND 238.9 Positive 2.51/8.03 

33 Diosgenin 21.001 ND 415.3 Positive 4.3/24.62 
a RT: Retention time (min), b MI: Molecular ions of the standard analytes (m/z ratio). ND: Below the LOD under the applied LC-MS/MS conditions. 

Only quantifiable compounds are presented with mean ± SD (n=3). 

 

Overall, the results of this study indicate that H. 

plicatum displays strong antibacterial activity, especially 

against S. aureus, whereas its effectiveness against P. 

aeruginosa appears to be comparatively limited. Previous 

research has indicated that this activity is attributed to the 

presence of flavonoids and phenolic compounds within the 

extract (Acet et al., 2020). In our present study, techniques 

such as MAE were considered to potentially maximize 

antibacterial effects by enhancing the release of bioactive 

compounds. 

 

Phenolic Contents Analysis Result by LC-MS/MS 

In our study, among the extracts obtained by different 

extraction methods, the HPE-Mic sample exhibited the lowest 

IC50 value in the DPPH assay, indicating superior antioxidant 

activity compared to the other extracts. Consistently, HPE-

Mic also showed the highest TPC and TFC levels. Moreover, 

in the antibacterial activity tests, HPE-Mic demonstrated 

stronger inhibitory effects, particularly against S. aureus, by 

forming larger inhibition zones than the other extracts. Based 

on these results, HPE-Mic was identified as the extract with 

the highest overall biological activity. For these reasons, the 

HPE-Mic extract, which exhibited the highest biological 

activity, was selected, and its phenolic compound profile was 

analyzed in detail using the LC-MS/MS method. Table 4 

presents the compounds identified through LC-MS/MS 

analysis of the HPE-Mic sample, and Figure 2 displays the 

corresponding chromatogram. A total of 33 compounds were 

screened, and six of them were detected. As shown in Table 

4, important phenolic compounds such as quercetin (54.84 

µg/g), trans-ferulic acid (23.38 µg/g), salicylic acid (5.24 

µg/g), vanillin (3.56 µg/g), p-coumaric acid (1.06 µg/g), and 

naringenin (0.47 µg/g) were detected in the extract. The 

remaining compounds were present at concentrations below 

the limit of detection (LOD) or the limit of quantification 

(LOQ) of the LC-MS/MS method, indicating that their levels 

were too low to be reliably detected or accurately quantified 

under the applied analytical conditions. Quercetin (54.84 

µg/g), known for its high antioxidant capacity, was the 

compound with the highest concentration. This flavonol 

compound has attracted attention with its cell-protective 

effects, free radical scavenging activity, and anti-cancer 

potential in many studies (Boots et al., 2008). Quercetin is also 

being investigated in functional food and pharmaceutical 

fields due to its anti-inflammatory cytokine-regulating effects. 

Trans-ferulic acid (23.38 µg/g) was the second compound 

with the highest concentration. This phenolic acid is 

especially well-known for having strong antibacterial, anti-

inflammatory, and antioxidant qualities (Ou and Kwok, 

2004).  
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Figure 2. Chromatogram of HPE-Mic sample analyzed by LC-MS/MS 

 

The use of plant-based food additives as natural 

preservatives is also becoming increasingly widespread. 

Among the other notable compounds are salicylic acid 

(5.24 µg/g) and vanillin (3.56 µg/g). While vanillin is well 

known for its pleasant aromatic properties, it also possesses 

antioxidant and antimicrobial activities (Shyamala et al., 

2007). Salicylic acid is a part of plant defense mechanisms 

and has analgesic and anti-inflammatory properties for 

human health (Rainsford, 2004). Naringenin, which was 

detected in low amounts (0.47 µg/g), is a flavanone known 

for its cytoprotective and antioxidant effects, and it is also 

known to exhibit synergistic activity with many other 

flavonoids. These findings indicate that H. plicatum 

possesses a rich phytochemical profile. 

The results from the LC-MS/MS analysis of the ethanol 

extract of H. plicatum align well with those reported in 

previous investigations on the same species (Albayrak et 

al., 2010b; Süzgeç et al., 2005). Additionally, Uğur and 

Güzel (2025) examined the phytochemical composition of 

the methanol extract of H. arenarium using LC-MS/MS 

methodology. Among phenolic compounds, 

acetohydroxamic acid, catechin hydrate, fumaric acid, 

syringic acid, caffeic acid, phloridzin dihydrate, quercetin, 

butein, naringenin, myricetin, luteolin, and kaempferol 

were detected. In a different investigation, Bigovic et al. 

(2011) identified several key phenolic constituents, 

including naringenin, kaempferol, apigenin, and quercetin, 

in ethyl acetate and ethanol extracts of H. plicatum 

obtained via triple percolation. In another study by Vujić et 

al. (2020), the phytochemical content of ethanolic (EE), 

DCME, and acetonitrile (ACNE) extracts of the above-

ground parts of H. plicatum was investigated using HPLC-

DAD/ESI-ToF-MS. The analysis revealed that the 

predominant compounds in the EE are luteolin, naringenin, 

apigenin, quercetin, and kaempferol. These compounds 

were suggested to be the main contributors to the plant’s 

therapeutic effects, particularly in the treatment of liver and 

gastric disorders (Vujić et al., 2020). The phenolic content 

of ethanol, ethanol–water, and methanol–chloroform 

extracts of H. plicatum was analyzed by LC-ESI-MS/MS 

in a study conducted by Başar et al. (2024). The 

investigation revealed that the main constituents in the 

ethanol extract were naringenin, vanillic acid, vanillin, 

gentisic acid, and morin; naringenin, gentisic acid, vanillin, 

kaempferol, and chlorogenic acid in the ethanol-water 

extract; and resveratrol, chlorogenic acid, gentisic acid, 

vanillin, and salicylic acid in the methanol-chloroform 

extract. The results obtained in this study support the 

findings of our research. However, variations in the quality 

and quantity of phenolic compounds may be attributed to 

several factors, ranging from climatic and geographical 

differences to the specificity of the extraction procedures 

used. 

The redox properties of the phenolic compounds 

obtained directly contribute to their capacity to neutralize 

free radicals and protect cellular structures against 

oxidative damage (Bigovic et al., 2017). Therefore, it can 

be stated that the underlying mechanisms of both the 

antioxidant and antibacterial activities of H. plicatum are 

largely attributed to these phenolic compounds. In 

conclusion, HPE-Mic exhibits a significant profile of 

natural phenolic and flavonoid compounds, and this is 

supported by antioxidant and antibacterial activities. The 

obtained data suggest that H. plicatum can be considered 

as a potential natural source for functional food, 

phytotherapy, and cosmetic applications. 

 

Conclusions 

 

This research comparatively evaluated the ethanol extracts 

of H. plicatum obtained by microwave, ultrasonic, and 

maceration techniques in terms of their antioxidant and 

antibacterial properties. In addition, phenolic compound 

profiles were determined by LC-MS/MS analysis of the most 

active microwave extract in terms of antioxidant and 

antibacterial properties. The findings revealed that the 

extraction method played an important role in shaping the 

phytochemical composition and biological activities of the 

extracts. The extract obtained by MAE showed the highest 

antioxidant activity with an IC50 value of 86.40 µg/mL. TPC 

and TFC analyses indicated that the microwave method was 

more effective in the extraction of phenolic compounds and 

flavonoids. The same extract demonstrated relatively strong 

antibacterial activity against P. aeruginosa and S. aureus 

strains with inhibition zones measuring 19.50 and 20.60 mm, 

respectively. The LC-MS/MS analysis revealed the presence 

of key phenolic compounds, including quercetin, trans-ferulic 

acid, and salicylic acid, which could potentially contribute to 

the biological activities observed in the extracts. In 

conclusion, the present study highlighted the antioxidant and 

antibacterial potential of H. plicatum extracts, with MAE 

emerging as a particularly effective technique for isolating 
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bioactive compounds. These findings underscore the potential 

of H. plicatum as a natural source of antioxidant and 

antibacterial agents for applications in pharmaceutical, 

nutraceutical, and food sectors. However, to further evaluate 

this potential, in vivo studies and additional research aimed at 

developing standardized formulations would be beneficial. 
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