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Abstract  

This study evaluated ultrasound-assisted extraction and cold atmospheric plasma treatment for enhancing antioxidant 

and antibacterial activities in two phases. Phase I optimized ultrasound by varying power (0-200 W) and time (0-15 

min) using a quadratic response surface methodology (RSM) to improve extraction yield and total phenolic content 

(TPC). Phase II compared ultrasound and cold plasma pretreatments (300 seconds), focusing on total flavonoid content 

(TFC), phytochemical composition (FTIR), and their antioxidant and antibacterial properties. The maximum extract 

yield (4.067%) and TPC (5.851 mg GAE/g DW) were achieved at 200 W for 15 minutes. Phytochemical analysis 

using FTIR and GC-MS identified linalool, β-pinene, cis-linalool oxide, trans-linalool oxide, pinocarveol, and 

camphor as the major compounds in the extract. The ultrasound-extracted samples showed significantly higher TFC 

(46.63 ± 4.01 mg QE/g) compared to cold plasma (32.83 ± 5.15 mg QE/g) and control (18.06 ± 2.48 mg QE/g). 

Antioxidant capacity, measured through DPPH inhibition, was also enhanced in ultrasound-treated extracts (47.8± 

4.30%). The ultrasounic method exhibited superior antibacterial activity, particularly against Escherichia coli and 

Staphylococcus aureus. The minimum inhibitory concentration (MIC) was 12.5 μg/mL for S. aureus and 100 μg/mL 

for E. coli in plasma-treated samples. This study demonstrates that optimizing ultrasound and cold atmospheric plasma 

enhances the bioactive properties of A. millefolium, making it a promising technique for future applications in the food 

and pharmaceutical industries. 
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Introduction  

Bioactive compounds, commonly referred to as 

phytochemicals, are vital plant-derived 

substances that contribute to therapeutic 

properties. These compounds can be extracted 

from various parts of the plant, such as leaves, 

stems, flowers, roots, and bark, using both 

conventional and modern extraction techniques 

(1). Phytochemicals are known as the principal 

essences of plants, which are mainly influenced 
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by the significance and efficiency of extraction 

methods (2). Novel and conventional extraction 

techniques have been used to extract bioactive 

compounds from diverse plants (3). The 

efficiency and success of the extraction depend 

on several factors, including the plant matrix, 

solvent, pressure, temperature, and extraction 

duration (4). In recent years, non-conventional 

methods have gained prominence due to their 

cost-effectiveness, enhanced extraction 

efficiency, and environmental friendliness. 

Among these methods, ultrasound-assisted 

extraction and cold plasma have demonstrated 

significant potential (5). 

Recently, innovative techniques such as 

ultrasound, microwave, pulsed electric field, 

enzyme-assisted extraction, pressurized liquid 

extraction, and ohmic heating have emerged as 

non-conventional methods for selecting bioactive 

components and enhancing yield extraction from 

plants (1). Among these, ultrasound has gained 

particular attention as an environmentally 

friendly and cost-effective alternative to 

traditional methods. It relies on mechanical sound 

waves with frequencies between 20 kHz and 100 

MHz and has been extensively studied over the 

past few decades (6). Key factors influencing 

ultrasound-assisted extraction include sample 

moisture, grinding degree, particle size, and 

solvent type, while temperature, pressure, 

frequency, and sonication time also play 

significant roles (6). In parallel, over the past two 

decades, water has emerged as a green and 

sustainable substitute for toxic organic solvents. 

Its safety, low cost, and abundance have enabled 

its broad application in diverse organic reactions, 

ranging from classical transformations to modern 

photoredox, electrochemical, and 

chemoenzymatic processes (7). 

Cold atmospheric plasma is a novel technology 

used to increase extraction yield. Plasma is the 

fourth state of material that is produced when 

enough energy is transferred to a gas via electric 

voltage or heat. Due to low-temperature 

procedures, cold plasmas are used in different 

applications such as food packaging sterilization, 

medical applications, water treatment, and seed 

germination. Cold atmospheric pressure plasma 

jet utilizes gases such as Ar, N2, He, and Ne as 

feeding sources (8, 9). The chemically active 

species in CAP such as free radicals, electrons, 

positive and negative ions, ultraviolet photons, 

and excited atoms, can break covalent bonds and 

cause many chemical reactions. Furthermore, 

cold plasma can improve bioactive compounds' 

availability and antioxidant capacity (10). 

Different factors determining plasma treatment 

include the type of plasma source, time of 

treatment, feeding gas, gas flow, distance from 

the nozzle, voltage, frequency of applied voltage, 

and finally kind of plant matrix (11). By 

conducting this study, we will achieve a deeper 

understanding of the potential benefits of these 

innovative methods on the valuable properties of 

the extract. Therefore, this study was carried out 

in two phases: phase I focused on optimizing A. 

millefolium extract, while phase II compared 

ultrasound and cold atmospheric plasma methods 

to enhance the antioxidant and antibacterial 

properties of A. millefolium extract. 

Material and Methods  

Phase I: 

Sample preparation. A. millefolium Leaves 

were purchased in December 2023 from the local 

market in Khorramabad, Lorestan, Iran. Then, A. 

millefolium leaves were completely crushed, and 

the size of the crushed leaves was reduced to 

about 500 µm using a grinder (Moulinex, 

France), the obtained leaf powder was packed in 

an HDPE zip bag and stored at 4°C until the 

experiments to minimize the biochemical 

changes. 

Ultrasound Treatment. Ultrasound was applied 

by a high-intensity ultrasound probe system 

having a 400 W power level and a frequency of 

20 kHz. According to the experimental design to 

optimize the sample, different levels of time and 
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power were used for each sample. Treatment 

experiments for extraction were carried out by 

adding 20 grams of plant powder and 200 ml of 

distilled water as a solvent in 1000 ml beakers. 

Then, beakers containing the mixture were 

sonicated with a solute/solvent ratio of 1:10, a 

frequency of 20 kHz, and a temperature of 35°C. 

Extraction was done after sonication for a 

specified time (12).  

The extraction solvent (distilled water) was pre-

cooled to 10 °C before sample addition, and the 

mixture was initiated at 15 ± 2 °C. During 

sonication, the temperature was gradually raised 

over 2–3 min to 35 ± 1 °C and maintained for 15 

min using an ice–water bath, with continuous 

monitoring by a thermometer. Immediately after 

sonication, the extract was cooled to 4 °C in an 

ice–water bath to halt residual enzymatic and 

oxidative reactions. 

Experimental Design Using RSM. The 

experiment design was carried out using the 

ultrasound extraction method with the response 

surface method (RSM) to determine the best 

combination of effective variables in the 

extraction process. The response Surface 

Quadratic model is an experimental design that 

optimizes experiments through Design Expert 

software version 7.0. In this study, two 

independent variables extraction time (5-15 min) 

and power (100-200) were selected to maximize 

extract yield and total phenolic content (TPC). 

Table 1 represents the range and levels of the 

independent variables in coded and actual units. 

extraction yield (%) =
𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑦𝑖𝑒𝑙𝑑 (𝑔)−𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑦𝑖𝑒𝑙𝑑 (𝑔)

𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑦𝑖𝑒𝑙𝑑 (𝑔)

× 100 

Analysis of variance (ANOVA) was employed to 

evaluate the appropriateness of the response 

surface models. The goodness-of-fit of the 

quadratic regression equations was determined 

by p-value, F-value, lack of fit test, and 

coefficient of multiple determination (R-squared) 

along with adjusted coefficient of determination 

(Adj R-squared) and residual sum-squared error. 

The smaller the p-value, the more significant the 

linear, reciprocal, and quadratic effects of the 

extraction variables (p<0.05). After removing 

insignificant terms (p>0.05), significant terms 

were re-fitted to the equation to acquire the final 

equation in terms of actual factors (13).  

Validation of the model. The optimal conditions 

for the ultrasound-treated extracts that depend on 

the extract yield and TPC variables were searched 

using optimization methods implemented by 

three-dimensional (3D) response surface plots. 

Afterward, conditions were accommodated to 

maximize extract yield and TPC, following 

previous results performed for optimization.  

Hydro Distillation. At first, 20 g of herbal 

powder was suspended in 200 ml of distilled 

water using 1000 mL glass beakers (1g in 10 mL), 

and then mixtures were subjected to plasma or 

ultrasound for pretreatment before extraction in a 

wide-mouth glass flask. Extraction was 

performed in treated and untreated samples 

suspended in distilled water without additional 

solvent. Samples were placed in a dark room and 

shaken on a stirrer for 24 hours. Then, the hydro 

extract was filtered on Whatman Grade 1 

cellulose filter papers. The solvent was removed 

from the extract by rotary evaporator (IKA, 

USA). The final dark-colored extract was 

wrapped in aluminum foil and stored at 4°C until 

the experiments (14). 

GC/MS Analysis. A SCION SQ W/436, SSL-

T21 model, gas chromatograph coupled to a 

SCION-MS, single Quadruple-MS mass 

spectrometer, EI source, was used for GC-MS 

analysis. Compounds were separated on a 15 m × 

0.25 mm i.d. fused-silica capillary column coated 

with 0.25 μm film of DB-5ms (Agilent) and a 

split/splitless injector with a 1mm internal 

diameter glass liner. Ultra-pure helium was used 

as carrier gas with an ionization voltage of 70 eV. 

Mass ranged from 40 to 600 amu. The oven 

temperature program was the same as mentioned 

above for the GC. Genotype compounds were 

identified by comparing their mass spectra with 
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those of the internal reference mass spectra 

library (NIST11). 

Phase II: 

Cold Atmospheric Plasma Treatment An 

atmospheric-pressure helium plasma jet was 

used, with helium gas of 99.99% purity delivered 

at a flow rate of 2 L/min. The plasma source 

consisted of a Pyrex glass tube serving as the 

dielectric barrier, with a 1 cm wide copper strip 

wrapped around the tube as the outer electrode, 

and a tungsten wire positioned at the tube center 

as the inner electrode. The nozzle tip was fixed at 

a distance of 2 cm above the surface of the 

treatment dish. Plasma was generated using an 

AC voltage source with a square pulse waveform, 

an amplitude of 5.4 kV, and a frequency of 18 

kHz. 

To ensure homogeneous plasma interaction with 

the sample, a magnetic stirrer was operated at 300 

rpm during plasma exposure, maintaining the 

solution temperature at 25 °C. A wide-mouth 

glass flask (5 cm depth, 15 cm diameter) was used 

to contain the pretreatment mixture, consisting of 

20 g of dried yarrow powder and 200 mL of 

distilled water. Samples were exposed to plasma 

for 300 s (based on preliminary optimization) 

(15). The schematic diagram of the plasma setup 

is provided in Figure 1. Following plasma 

treatment, extraction was carried out as described 

in the subsequent section. 

Total Phenolic Content (TPC). The total 

phenolic content (TPC) of the extract was 

determined using the Folin–Ciocalteu 

colorimetric method. Briefly, 50 µL of the extract 

was mixed with 300 µL of Folin–Ciocalteu 

reagent and 2 mL of distilled water in a test tube, 

followed by incubation for 15 min. Subsequently, 

500 µL of 7.5% sodium carbonate solution was 

added, and the mixture was incubated in the dark 

for 2 h. The absorbance of the samples was 

measured at 765 nm using a Photonix UV–Vis 

Array spectrophotometer (Model Ar 2015, Iran). 

Quantification was performed using a calibration 

curve prepared with gallic acid (10–100 mg/g; 

Merck, Germany), and results were expressed as 

milligrams of gallic acid equivalents per gram of 

dry extract (mg GAE/g DW). 

Total flavonoid content (TFC). TFC was 

performed calorimetrically by the aluminum 

chloride with a slight modification. In brief, the 

herbal extract (20 µg) was mixed with distilled 

water (1 mL) and sodium nitrite (75 µL, 5%) was 

added to the mixture. After 5 minutes of 

incubation, aluminum chloride (0.15 mL, 10%) 

was added to the solution and incubated again for 

6 minutes.  After the completion of the reaction, 

sodium hydroxide (0.5 mL, 1M) was added and 

the final volume reached 3 ml with distilled water.  

Absorbance was measured at a wavelength of 510 

nm using a Photonix UV–Vis Array 

spectrophotometer in triplicate. TFC was 

determined using a calibration curve based on mg 

of quercetin equivalents per gram of the extract 

(mg QE/g) (16). 

Antioxidant Properties. The scavenging ability 

of control and treatment with cold plasma and 

ultrasound-optimized samples were evaluated by 

the 2,2-diphenyl1-picrylhydrazyl radical (DPPH) 

method (17) with slight modifications. Briefly, by 

mixing 100 μL of extract with 900 μL of DPPH 

(0.1 mM in ethanol). The mixture was vigorously 

shaken for 3 min and then incubated in the dark 

for 30 min. The absorbance was measured at 517 

nm against a blank using a spectrophotometer. 

The antiradical activity was determined by linear 

regression analysis, and the percentage of DPPH 

free radical inhibition (I%) was calculated using 

the following equation: 

I (%) 

=
𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

Absorption of control
×100 

Experiments were performed with three 

independent experiments and the results are 

presented as mean ± SD. 

Functional Group Analysis Using FT‑IR. FTIR 

spectra (Fourier transform infrared spectroscopy) 

of control and treatment with cold plasma and 

optimum ultrasound samples were recorded with 
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a resolution of 4 cm−1 in the range of 400–4000 

cm−1 using an FT-IR spectrophotometer (FTIR-

8400S, Shimadzu, Japan). A quantity of extract 

was deposited on the zinc selenide (Zn Se) crystal 

to obtain the spectrum, and a secondary metal 

plate of the FTIR device was placed on it. 

Spectrum analysis for the control, plasma-treated, 

and ultrasound-optimized sample was performed 

by comparing the spectrophotometer vibration 

frequencies of the sample.  

The Antibacterial Properties. The antimicrobial 

activity of the extracts was evaluated against two 

common foodborne bacteria: the Gram-positive 

Staphylococcus aureus (PTCC 1431) and the 

Gram-negative Escherichia coli (PTCC 1399). 

Crude extract (10 mg) was dissolved in 5 mL of 

DMSO to obtain a stock solution (2000 μg/mL), 

which was then serially diluted to prepare 

working concentrations ranging from 12.5 to 500 

μg/mL. Levofloxacin (1 mg/mL in DMSO) 

served as the positive control, while DMSO alone 

was used as the negative control. Sterile 6 mm 

filter paper discs were impregnated with the test 

solutions at the respective concentrations and 

placed onto agar plates previously inoculated 

with the bacterial strains. The plates were 

incubated at 37 °C for 24 h, after which the 

diameters of the inhibition zones were measured 

in millimeters (mm) using a ruler. All 

experiments were conducted in triplicate, and the 

results are reported as mean ± standard deviation. 

Statistical Analysis. SPSS Statistics software 

(Version 27) was utilized for statistical analysis, 

employing one-way ANOVA. The results are 

presented as the mean ± standard deviation of the 

observed values, calculated based on the average 

of triplicate trials. Differences between the 

averages were evaluated using the least 

significant difference test at a significance level 

of p < 0.05. The relationship among TFC, 

antioxidant capacity, and antibacterial activity of 

the tested materials was analyzed using Pearson's 

correlation coefficients. 

 

 

Results and Discussion 

Herb contains powerful bioactive compounds 

that can be incorporated into functional foods. 

Ultrasound technology enhances the efficiency 

and quality of these biological activities. This 

study was conducted in two phases, focusing on 

extraction methods utilizing ultrasound and cold 

atmospheric plasma, while examining the 

influencing factors of power and time and their 

impact on recovery efficiency related to 

antioxidant and antibacterial properties. 

In phase I, key variables such as ultrasound power 

and time were optimized, as they significantly 

affect the extraction process. In phase II, green 

technologies (ultrasound and cold plasma) were 

investigated in terms of extraction efficiency and 

quality of plant extracts to recover bioactive 

functional compounds and antioxidant and 

antibacterial activities. 

Phase I: 

Model Fitting and Analysis. ANOVA equations 

were analyzed to test the accuracy, validity, and 

better fit of quadratic model equations to 

experimental data. The fitted model with p-value 

was employed to evaluate the significance of 

variation extraction yield with TPC as a function 

of extraction conditions with ultrasound. Tables 

1, and 2 show R-Squared and Adj R-Squared, as 

well as the lack of fit for values of yield and TPC, 

which indicate whether a Response Surface 

Quadratic model is acceptable. To determine the 

significance of the coefficient of quadratic 

equations using ANOVA, a high value of F and a 

low value of P indicate the significance of each 

treatment.  

The lack of fit test (P>0.05) (p= 0.  0.2356 and p= 

0.09) was insignificant in extraction yield and 

TPC, indicating the good fit of the model and 

accurate prediction validity of experimental 

outcomes. The high values of R2 indicated that 

the quadratic model was very efficient for fitting 



 Azadeh Rashidimehr et al 

 
46 Herbal Medicines Journal. 2025, 10(3) 

 

the data under actual conditions, and the adjusted 

R2 values indicated an adequate agreement 

between the predicted and actual values of the 

model for extraction yield and TPC (Table 1,2). 

The F values for extract yield and TPC were 

34.36 and 9.79, indicating that models are 

significant in their respective contexts (p < 0.05). 

In addition, the coefficient of variation (%C. V) 

of the extract yield and TPC models were 3.12% 

and 2.37% (< 10), respectively, again indicating 

better model fit. 

      

Table 1 Analysis of variance (ANOVA) results for the quadratic response surface model predicting yield. 

Source Some of Squares Degree of freedom Mean Square F Value p-value Prob > F 

Model 1.80 5 0.36 34.36 < 0.0001*** 

A-Time 0.30 1 0.30 28.99 0.0010** 

B-Power 1.45 1 1.45 138.45 < 0.0001** 

AB 0.040 1 0.040 3.82 0.0916 

A2 1.726E-003 1 1.726E-003 0.16 0.6969 

B2 1.726E-003 1 1.726E-003 0.16 0.6969 

Residual 0.073 7 0.010 
  

Lack of Fit 0.045 3 0.015 2.16 0.2356* 

Coefficient of Variation% 3.12   R2 0.9608 

    Adj. R2 0.9329 
*p > 0.05, insignificant; **p < 0.001, highly significant; ***p < 0.0001, extremely significant. 

Table 2 Analysis of variance (ANOVA) results for the quadratic response surface model predicting total phenolic content. 

Source 
Sum of 

Squares 
degree of freedom Mean Square F Value p-value Prob > F 

Model 0.77 5 0.15 9.79 0.0046** 

A-Time 0.21 1 0.21 13.35 0.0081** 

B-Power 0.43 1 0.43 27.25 0.0012** 

AB 0.040 1 0.040 2.55 0.1540 

A2 0.025 1 0.025 1.62 0.2436 

B2 0.031 1 0.031 1.98 0.2025 

Residual 0.11 7 0.016 
  

Lack of Fit 0.11 3 0.035 40.66 0.09* 

Coefficient of Variation% 2.37  R2 0.8749  

   Adj. R2 0.7856  

*p > 0.05, insignificant; **p < 0.001, highly significant. 

Extract yield and TPC were affected by model 

factors like linear variables (A and B), interaction 

variables (AB), and quadratic variables (A2 and 

B2). These are the conditions for the ultrasound 

extraction time (A), and the treatment power (B). 

The final quadratic binomial equations for the 

extract are acquired using the values of the 

regression coefficients, disregarding the 

insignificant terms.  

Final Equation in Terms of Actual Factors: 

Y1 (Extract Yield) = 

+1.65000 +5.00000E-003 * A +8.83333E-

003* B 

+4.00000E-004 * A*B 

-1.00000E-003 * A2 

-1.00000E-005 * B2 

Y2 (TPC)= 

+5.95977       -0.099356 * A         -0.011370* B 

+4.00000E-004 * A*B 

+3.83448E-003 * A2 

+4.23448E-005 * B2 
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The above quadratic binomial equations display 

that the interaction effect of ultrasound power (A) 

and time (B) contained a positive effect on extract 

yield and the TPC, in which Y1 and Y2 values 

rose with a linear impact on extraction variables 

(A and B).  

The ANOVA of the response surface quadratic 

model for A. millefolium extract yield is shown in 

Table 1. It is highly significant, indicating a 

strong effect from independent variables, 

particularly extraction time (A) and power (B), 

with p-values of 0.0010 and less than 0.0001, 

respectively. The interaction between time and 

power (A × B) was not significant (p = 0.0916), 

nor were the quadratic effects (A² and B²). The 

model demonstrates low coefficients of variation 

(3.12%), with R² = 0.9608 and adjusted R² = 

0.9329, indicating good predictiveness . 

 

Table 3 Optimization goals of process parameters and 

response variables using RSM. 

Name Goal 

A: Time is in range 

B: Power is in range 

Yield maximize 

TPC maximize 

 

In Table 2, the ANOVA for TPC shows no 

significant interaction or quadratic effects, and 

the residual variability was low, with a coefficient 

of variation of 2.37%, and R² = 0.8749. Table 3 

outlines optimization criteria, recommending that 

time and power be kept within specific ranges to 

maximize yield and TPC. 

Table 4 compares predicted and actual TPC 

values, showing good agreement: the predicted 

value was 5.952 mg GAE/g DW, and the actual 

value was 5.851 mg GAE/g DW. Similarly, for 

extract yield, the predicted value was 4.067%, 

and the actual yield was 4.01%, both at 15 

minutes and 200 W. The desirability score was 

high (0.989), reflecting the model’s effectiveness 

in achieving the desired outcomes.  The 

extraction yield of A. millefolium depends on both 

the solvent and the extraction technique. Previous 

studies reported a maximum yield of 0.82% of 

dry matter using aqueous extraction, achieved 

with small particle size and warm extraction 

conditions (18). Comparison with the present 

results suggests that the current extraction 

method provides an improved yield. 

 

ANOVA results show that extraction time and 

power were significant factors for the yield and 

TPC of A. millefolium extracts. The large R² 

values indicate strong model fits for estimation. 

The optimization confirmed that selected 

conditions effectively maximized the responses 

with minimal error between predicted and 

observed values. This analysis confirms that 

optimizing extraction conditions improves A. 

millefolium properties. 

 

 

 

Table 4 Comparison of predicted and actual response values under optimal RSM conditions. 

 TPC (mg GAE/ g DW) Extract yield % Time (min) Power (w) Desirability 

Predicted 5.952 4.067 15.000 200.000 0.989 

Actual 5.851 4.01 15 200 - 

The effect of ultrasound on yield and TPC. The 

response surface plot was used to effectively 

illustrate the linear, interaction, and quadratic 

effects of the extraction variables on the 

responses (Figures 1 and 2). The 3D response 

from Figures 1 and 2 shows that both the extract 

yield and TPC reached their maximum values. 

The experimental variables, time (A, 5-15 min) 

and power (B, 100-200 W), had an impact on the 

response variables Y1 and Y2. Based on Figure 1, 

the main effects (A and B) influenced the yield, 

indicating that the highest extract yield could be 
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achieved as the ultrasound power level increased 

from 100 W to 200 W with exposure times 

ranging from 5 min to 15 min. Similarly, as 

shown in Figure 2, the highest TPC was achieved 

with an ultrasound power level of 200 W and a 

15-minute exposure time. Furthermore, the 

interaction effect of ultrasound power and 

treatment time on TPC was also illustrated. 

 
Fig. 1 Schematic diagram of an Atmospheric Pressure 

Plasma Jet. 

 

  

 
 

Fig. 2  Optimization of extraction Yield and Total Phenolic Content (TPC) from Achillea millefolium using Response 

Surface Methodology. 

Optimization. According to Table 3, the 

optimization objective was chosen based on the 

previously noted parameters, the extract yield of 

4.067% and the TPC of 5.952 mg GAE/g DW 

were acquired as the predicted results, and the 

value of its desirability was equal to 0.98. Based 

on that, the optimal conditions were found to be 

an ultrasound power of 200 W and a treatment 

time of 15 min. The tests were carried out under 

the obtained optimal conditions and the actual 

results were compared with the predicted 

responses to verify the practicability of the model 

(Table 4).  

In this study, actual results were significantly 

similar to the predicted value. Consistent with the 

present study, Al-Dhabi, Ponmurugan (19) found 

that raising the power from 100 to 200 W 

enhances the efficiency of total phenolic content 

in coffee waste. Additionally, González-Centeno, 

Knoerzer (20) observed a linear impact of power 

on phenolic, total flavonoid, and total antioxidant 

yields. Previous studies indicated that the yield of 

extract extraction using ultrasound improves 

upon higher power or power density, as a result 

of the amplified impact of the intense collapse of 

cavitation bubbles (21-23). Increasing the size of 

the resonance bubble causes fragmentation, pore 

formation, and tissue mixing, leading to enhanced 

diffusion and extraction yield (22). Another 

related phenomenon that boosts yield is the 
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mechanical vibration of the ultrasound probe, 

which enhances solvent penetration by increasing 

the contact surface between the solid and the 

solvent. Additionally, the hydrodynamic force 

increases with higher power, ultimately causing 

tissue disruption (24). 

Power during ultrasound-assisted extraction is 

expressed as a percentage of amplitude (0-100%), 

with 100% representing the rated power. Power 

density is defined as the power dissipated per unit 

volume of the extraction medium. A linear 

relationship exists between ultrasonic amplitude 

and output power within the 30% to 80% range 

(6). The power used for extracting bioactive from 

herb and vegetable by-products varies based on 

the compound and plant matrix, ranging from 20 

to 700 W (24, 25). The ultrasound-assisted 

extraction yield rises as power or power density 

increases, then declines after hitting a maximum 

point. On the other hand, the influence of 

ultrasound time on the yield of bioactive 

compounds from herbs has been well studied. 

Initially, increasing sonication time boosts yield, 

but after a certain point, the yield declines. This 

decline also occurs with higher power and 

temperature. The initial increase in sonication 

enhances the cavitation effect, leading to better 

swelling, hydration, and pore formation in the 

plant tissue, which improves solute exposure and 

extraction. However, excessive ultrasound 

exposure ultimately damages the solute and 

reduces yield (6). 

Phase II: 

Functional Group and Phytochemical 

Analysis. Phytochemical analysis of wild 

medicinal species of A. millefolium has been 

evaluated using FT-IR spectroscopy. The FTIR 

spectra (4000-400 cm-1) of A. millefolium extract 

were performed to identify functional groups 

(Figure 5). Area 1: C-H bending (< 1000 cm-1), 

Area 2: C-O stretching (997-1140 cm-1), Area 3: 

Carbonyl C-O stretching (1150-1270 cm-1), Area 

4: C=O (amide I) and C-C stretching (1300-1450 

cm-1), Area 5: Aromatic and N-H bending (amide 

II) (1500-1600 cm-1), Area 6: N-H bending, C=O 

(1600-1760 cm-1), Area 7: C-H stretching of CH3 

(2800-2900 cm-1), Area 8: OH stretching (3350-

3600 cm-1) (26). Control extracts exhibited peaks 

indicating the presence of bioactive compounds, 

while plasma extraction highlighted polar 

compounds with strong O-H stretching at 3780 

cm⁻¹, indicating a better extraction of hydrophilic 

bioactive. However, it was less efficient for non-

polar compounds compared to ultrasound, which 

demonstrated superior extraction capabilities.  

Ultrasound revealed sharp peaks around 1500 

cm⁻¹ and 3776 cm⁻¹, indicating effective 

extraction of phenolics and hydrocarbons. Both 

plasma and ultrasound preserved all functional 

groups, enhancing their bioactivity. The 

phytochemical compounds in untreated A. 

millefolium hydro distillation extract were 

analyzed and confirmed using GC-MS, and the 

findings are detailed in Table 5, showing that 

camphor and eucalyptol were the most abundant 

compounds in the extract.  

The extract is composed of 97.006% of its main 

volatile components, highlighting the abundance 

of terpenes that contribute to the aroma and 

therapeutic properties of A. millefolium extract. 

Dominant compounds include monoterpenes and 

oxygenated terpenes like β-pinene, linalool, cis-

linalool oxide, and isoborneol. Furthermore, 

Alcohols and esters, such as sec-Butylcarbinol, p-

Cymen-8-ol, valeric acid, 4-methyl, and methyl 

ester, enhance the aroma profile and may offer 

biological activity, including antimicrobial and 

anti-inflammatory effects. Additionally, 

oxygenated compounds like linalool and cis-

linalool oxide underscore the floral and herbal 

aromatic characteristics of A. millefolium extract. 

GC-MS analysis confirms that it primarily 

consists of monoterpenes and oxygenated 

monoterpenes, with β-pinene as the major 

component.  
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Fig. 5 FTIR spectra of Achillea millefolium extract, 

indicating the major functional groups and chemical 

bonds associated with its phytochemical constituents. 

 

This rich compound profile suggests potential 

applications in aromatherapy, skincare, and 

pharmaceuticals due to its aromatic and bioactive 

properties. Hydrocarbons and terpenes, such as β-

pinene (5.317%), are significant components of 

A. millefolium extracts (27). In the FTIR 

spectrum, C-H stretching vibrations typical of 

terpenes are observed between 2800-3000 cm⁻¹, a 

region presents in all extraction techniques 

studied (28). Notably, the ultrasound extraction 

method exhibits strong peaks around 3002 cm⁻¹, 

suggesting a more efficient extraction of terpenes, 

including β-pinene (26). The extract is rich in 

compounds such as β-pinene, linalool, and 

isoborneol, suggesting applications in 

aromatherapy, skin care, and pharmaceuticals. A. 

millefolium. Similar to this study, the 

phytochemistry of A. millefolium, which was also 

investigated by other researchers, revealed that 

camphor, and 1,8-cineole (eucalyptol), are the 

main components of this plant extract (29, 30).  

Plasma extraction, though also effective, 

particularly enhances the extraction of 

oxygenated compounds such as linalool and its 

oxides, as evidenced by the strong peaks in the O-

H and C-O stretching regions. In contrast, control 

extraction produces a broader, less intense 

spectrum, reflecting a lower efficiency in 

extracting volatile and oxygenated compounds. 

Ultrasound extraction stands out as the most 

effective technique for obtaining a rich profile of 

volatile compounds from yarrow, as supported by 

both FTIR and GC-MS analyses. 

Antioxidant Activity and Total Flavonoid 

Content. Radical scavenging activity in the 

DPPH test was significantly higher than the 

ultrasound-treated extract of A. millefolium 

compared to the control group. According to 

Figure 4, the control sample and extract obtained 

from ultrasound- and plasma-treated display 

29.36 ± 4.17%, 47.8 ± 4.30% and 42.97± 2.19% 

inhibitory activities. Compared to the ascorbic 

acid standard as a positive control, the 

ultrasound-treated extract of A. millefolium was 

significantly more potent.  
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Table 5 Volatile compounds of Achillea millefolium identified by GC–MS after hydrodistillation. 

Serial No. Compound name RT SI RI Area, % (mean ± SD) 

1 sec-Butylcarbinol 1.245 94 726 4.234±0.11 

2 Hexanal 1.55 88 754 0.58±0.07 

3 Valeric acid, 4-methyl-, 

methyl ester 

1.993 80 780 1.094±0.03 

4 (2Z)-2-Hexenyl acetate 2.525 83 802 2.388±0.14 

5 β-Pinene 2.797 97 871 5.317±0.07 

6 Eucalyptol 3.227 96 891 25.823±0.42 

7 cis-Linalool oxide 3.579 96 947 2.106±0.41 

8 trans-Linalool oxide 3.745 96 973 1.989±0.28 

9 Linalool 3.874 96 993 1.913±0.71 

10 Limonene oxide 4.21 81 1034 0.549±0.28 

11 L-trans-Pinocarveol 4.452 90 1050 1.025±0.07 

12 Camphor 4.531 97 1091 43.316±1.41 

13 Isoborneol 4.907 88 1091 1.233±0.28 

14 Terpinen-4-ol 5.006 93 1103 0.801±0.14 

15 p-Cymen-8-ol 5.139 90 1128 0.656±0.21 

16 L-α-Terpineol 5.251 91 1145 1.651±0.31 

17 Berbenone 5.479 89 1151 0.327±0.14 

18 Isoborneol, acetate 6.041 80 1183 0.297±0.08 

19 Pipertone, oxide 6.301 81 1179 0.219±0.13 

20 Ascaridol 6.369 88 1186 0.383±0.12 

21 Dipentene oxide 7.417 84 1196 1.105±0.03 

Total 

Identification 

    97.006 

This study determined the TFC of control, 

ultrasound-treated, and plasma-treated extracts as 

18.06±2.48, 46.63±4.01, and 32.83±5.15 mg/g 

DW (Figure 4) (p < 0.05). The plasma 

spectroscopy to show the reactive species attend 

in He plasma was done during the solution 

treatment using ISTA-UV spectrometer and has 

been shown in Figure 3.  

  
Fig. 4 Total flavonoid content 

(TFC) and antioxidant activity 

(DPPH assay) of Achillea 

millefolium extract. Values are 

expressed as mean ± SD (n = 3). p 

< 0.05 indicates significant 

differences. 

 

 

Figure 4 shows the TFC and antioxidant activity 

of the A. millefolium extract after different 

treatments. The control group had a DPPH 

scavenging activity of 29.36% and a TFC of 

18.06 mg/g DW. In contrast, ultrasound treatment 

greatly increased antioxidant activity, reaching a 

DPPH percentage of 47.8% and a TFC of 46.63 

mg/g DW. Plasma treatment also boosted 
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antioxidant activity, with a DPPH scavenging rate 

of 42.97% and a TFC of 32.83 mg/g DW.  

 
Fig. 3 Spectroscopic characterization of the Helium 

Plasma Jet. 

In this regard, Rashid, Bao (31) found that cold 

atmospheric air plasma increased galactomannan 

extraction from fenugreek seeds without using 

chemical compounds. Another study showed that 

plasma pretreatment decreased bacteria and 

increased antioxidant activity in 12 extract herbs 

(32). Pretreatment with cold plasma enhances the 

extraction of active substances by aiding their 

diffusion through the cell wall and reducing the 

effect of the extracting agent on substance 

degradation (33, 34). It also reduces surface 

tension caused by hydrophobic compounds and 

breaks covalent bonds to release phenolic 

compounds attached to the plant structure by 

reactive gas species (35). 

Changes in antioxidant activity are linked to TPC, 

which neutralizes free radicals and demonstrates 

antioxidant potential (36). These results show that 

ultrasound and plasma treatments effectively 

raise the flavonoid content and antioxidant power 

of the A. millefolium extract compared to the 

control, with ultrasound showing the highest 

values in both areas (p < 0.05); furthermore, there 

is a strong positive correlation (r = 0.900, p 

<0.001 for DPPH and r =0.962, p<0.001 for TFC) 

between the treatments. The results obtained 

align with previous studies showing that oxygen 

free radicals released by cold atmospheric plasma 

can be neutralized by phenolic compounds, 

leading to the degradation of these compounds 

(36). It has also been reported that the 

anthocyanins and flavanols in chokeberry juice 

(37), as well as the antioxidant activities in grape 

juice (38) and apple juice (39), decreased after air 

cold plasma treatment. Another study showed 

that plasma pretreatment decreased bacteria and 

increased antioxidant activity in 12 extract herbs 

(32). Pretreatment with cold plasma enhances the 

extraction of active substances by aiding their 

diffusion through the cell wall and reducing the 

effect of the extracting agent on substance 

degradation. It also reduces surface tension 

caused by hydrophobic compounds and breaks 

covalent bonds to release phenolic compounds 

attached to the plant structure by reactive gas 

species (33). Based on these spectra, ultrasound 

seems the most balanced and potent extract for 

potential medicinal (anti-hypertensive, anti-

diabetic, estrogenic, anti-spermatogenic, anti-

nociceptive, anti-inflammatory, and anti-oxidant 

effects) (40, 41). 

The Antibacterial Properties. Antifungal, 

antibacterial, and antimicrobial activities of 

various Achillea species have been documented. 

Antibiotic resistance is a critical global health 

concern due to the widespread use of antibiotics 

leading to more resistant bacterial strains (29). 

The antimicrobial effects of A. millefolium extract 

on bacteria were tested using the broth dilution 

method. As shown in Figure 6, the strongest 

effect and the largest diameter of the zone of 

inhibition was related to S. aureus, furthermore, 

the diameter of the inhibition zone was expanded 

with increasing the concentration of the extract (p 

< 0.05). The sensitivity of gram-positive bacteria 

was higher than gram-negative bacteria for both 

treatments (Plasma- and Ultrasound-treated). The 

results show that the ultrasound-treated extract 

had a higher antibacterial inhibitory effect on 

gram-negative bacteria compared to the plasma. 

In addition, MIC for the ultrasound-treated 

extracts from A. millefolium plant was dilutions 

above 12.5 μg/mL on the control 
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microorganisms. However, for plasma 

treatments, MIC was 12.5 μg/mL for S. aureus 

and 100 μg/mL for E. coli. Furthermore, with the 

increase in extract concentration in both 

treatments, there has been an increase in the 

diameter of the inhibition zones (p < 0.05). There 

was also a strong positive correlation (r = 0.92, p 

> 0.001  at 100 μg/mL and r = 0.87, p = 0.002  at 

25 μg/mL) between the treatments.  

Generally, Staphylococcus aureus was found to 

be more sensitive than Escherichia coli, possibly 

due to their distinct cellular structure. Because of 

the differences in the structure of their cell walls, 

gram-positive bacteria tend to be more vulnerable 

compared to gram-negative bacteria due to the 

outer cell membrane of gram-positive bacteria 

acts as a protective barrier against various 

substances (42). Achillea extract contains 

compounds like camphor and 1,8 cineole, which 

possess potent antibacterial properties. 

  
Figure 6 Antibacterial 

activity of Achillea 

millefolium extract, 

expressed as the 

diameter of the 

inhibition zone (mm), 

including the 6-mm 

paper disc. Values are 

presented as mean ± SD 

(n = 3). Differences 

were considered 

significant at p < 0.05. 

 

 

 

 Moreover, this plant is naturally abundant in 

phenolic components, sesquiterpenes, lactones, 

and flavonoids, all of which possess strong 

antibacterial properties (27). Studies show that 

plasma treatment of aqueous solutions disinfects 

by producing reactive oxygen and nitrogen 

species like H2O2, O3, NO2
-, and NO3

-. These 

species interact with water molecules, creating 

acidic solutions that lower pH and effectively 

inactivate bacteria by damaging their cell 

membranes and DNA (15). Comparatively, 

ultrasound-extracted samples exhibited stronger 
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antibacterial activity than both plasma-treated 

and control samples, underscoring the ultrasound 

method’s role in improving extraction efficiency 

while preserving the antimicrobial potency of 

bioactive compounds. 

Conclusion  

This study concentrated on optimizing ultrasound 

and cold plasma pretreatment techniques for 

extracting A. millefolium via water distillation. 

The phytochemical profile identified twenty-one 

phenolic and triterpene compounds. The optimal 

conditions for ultrasound extraction were 

determined to be 15 minutes in duration at a 

power of 200 W, resulting in a yield of 4.01% and 

TPC of 5.851 mg GAE/g DW. The study drew 

comparisons between ultrasound and cold plasma 

pretreatment, assessing total flavonoid content, 

functional groups (FTIR), and antioxidant and 

antibacterial properties. Both methods produced 

high-quality extracts without compromising 

phytochemical composition or bioactivity, 

although ultrasound exhibited a more pronounced 

effect. While cold plasma shows promise, 

additional research is required to fully harness its 

potential for enhancing extraction processes. 

 

Contribution All authors contributed equally to the 

research and share equal responsibility for any 

potential plagiarism. 

 

Conflicts of Interest The authors declare that they 

have no conflicts of interest. 

 

Funding This study was conducted as part of a 

research project funded by Lorestan University (Grant 

No. 1404-17-3-02-3-1402). 

 

References  

1. Stéphane FFY, Jules BKJ, Batiha GE, Ali I, Bruno 

LN. Extraction of bioactive compounds from 

medicinal plants and herbs.  Natural Medicinal 

Plants IntechOpen; 2022 Available from: 

http://dxdoiorg/105772/intechopen986022021. 

2. Azmir J, Zaidul ISM, Rahman MM, Sharif KM, 

Mohamed A, Sahena F, et al. Techniques for 

extraction of bioactive compounds from plant 

materials: A review. Journal of Food Engineering. 

2013;117(4):426-36. 

3. Mehmood A, Ishaq M, Zhao L, Yaqoob S, Safdar 

B, Nadeem M, et al. Impact of ultrasound and 

conventional extraction techniques on bioactive 

compounds and biological activities of blue 

butterfly pea flower (Clitoria ternatea L.). 

Ultrasonics Sonochemistry. 2019;51:12–9. 

4. Lefebvre T, Destandau E, Lesellier E. Selective 

extraction of bioactive compounds from plants 

using recent extraction techniques: A review. 

Journal of Chromatography A. 2021;1635:461770. 

5. Rasul MG. Conventional extraction methods use in 

medicinal plants, their advantages and 

disadvantages. International Journal of Basic 

Sciences and Applied Computing. 2018;2:10-4. 

6. Kumar K, Srivastav S, Sharanagat VS. Ultrasound 

assisted extraction (UAE) of bioactive compounds 

from fruit and vegetable processing by-products: A 

review. Ultrasonics sonochemistry. 

2021;70:105325. 

7. Wang CS, Sun Q, Wang G, He W, Fang Z, Guo K. 

Recent Advances in Organic Reactions Using 

Water as Solvent. Green Solvents in Organic 

Synthesis. 2024:317-442. 

8. Perera KY, Prendeville J, Jaiswal AK, Jaiswal S. 

Cold Plasma Technology in Food Packaging. 

Coatings. 2022;12(12):1896. 

9. Barjasteh A, Lamichhane P, Dehghani Z, Kaushik 

N, Gupta R, Choi EH, et al. Recent Progress of 

Non-thermal Atmospheric Pressure Plasma for 

Seed Germination and Plant Development: Current 

Scenario and Future Landscape. Journal of Plant 

Growth Regulation. 2023:1-16. 

10. Kovačević DB, Putnik P, Dragović-Uzelac V, 

Pedisić S, Jambrak AR, Herceg Z. Effects of cold 

atmospheric gas phase plasma on anthocyanins and 

color in pomegranate juice. Food Chemistry. 

2016;190:317–23. 

11. Ramazzina I, Berardinelli A, Rizzi F, Tappi S, 

Ragni L, Sacchetti G, et al. Effect of cold plasma 

treatment on physico-chemical parameters and 

antioxidant activity of minimally processed 

kiwifruit. Postharvest Biology and Technology. 

2015;107:55-65. 

http://dxdoiorg/105772/intechopen986022021


 Improving the antioxidant and antibacterial effects of Achillea millefolium …  

Herbal Medicines Journal. 2025, 10(3) 55 
 

12. Mokaizh AAB, Nour AH, Kerboua K. Ultrasonic-

assisted extraction to enhance the recovery of 

bioactive phenolic compounds from Commiphora 

gileadensis leaves. Ultrasonics Sonochemistry. 

2024;105:106852. 

13. Prasad KN, Hassan FA, Yang B, Kong KW, 

Ramanan RN, Azlan A, et al. Response surface 

optimisation for the extraction of phenolic 

compounds and antioxidant capacities of 

underutilised Mangifera pajang Kosterm. peels. 

Food Chemistry. 2011;128(4):1121-7. 

14. Mbaebie BO, Edeoga HO, Afolayan AJ. 

Phytochemical analysis and antioxidants activities 

of aqueous stem bark extract of Schotia latifolia 

Jacq. Asian Pacific Journal of Tropical 

Biomedicine. 2012;2(2):118-24. 

15. Barjasteh A, Dehghani Z, Lamichhane P, Kaushik 

N, Choi EH, Kaushik NK. Recent progress in 

applications of non-thermal plasma for water 

purification, bio-sterilization, and 

decontamination. Applied Sciences. 

2021;11(8):3372. 

16. Shin Y, Liu RH, Nock JF, Holliday D, Watkins CB. 

Temperature and relative humidity effects on 

quality, total ascorbic acid, phenolics and 

flavonoid concentrations, and antioxidant activity 

of strawberry. Postharvest Biology and 

Technology. 2007;45(3):349-57. 

17. Jamali CA, Kasrati A, Bekkouche K, Hassani L, 

Wohlmuth H, Leach D, et al. Phenological changes 

to the chemical composition and biological activity 

of the essential oil from Moroccan endemic thyme 

(Thymus maroccanus Ball). Industrial Crops and 

Products. 2013;49:366-72. 

18. Benković M, Belščak-Cvitanović A, Jurina T, 

Valinger D, Tušek AJ, Jakelić M, et al. Effect of 

extraction conditions on extraction yield, total 

polyphenolic content and antioxidant capacity of 

yarrow (Achillea millefolium L.).  Proceedings of 

the International Conference: 16th Ružička days 

"Today Science - Tomorrow Industry" Vukovar, 

Croatia, 21-23 September, 20162017. 

19. Al-Dhabi NA, Ponmurugan K, Jeganathan PM. 

Development and validation of ultrasound-assisted 

solid-liquid extraction of phenolic compounds 

from waste spent coffee grounds. Ultrasonics 

sonochemistry. 2017;34:206-13. 

20. González-Centeno MR, Knoerzer K, Sabarez H, 

Simal S, Rosselló C, Femenia A. Effect of acoustic 

frequency and power density on the aqueous 

ultrasonic-assisted extraction of grape pomace 

(Vitis vinifera L.)–A response surface approach. 

Ultrasonics sonochemistry. 2014;21(6):2176-84. 

21. Ramić M, Vidović S, Zeković Z, Vladić J, Cvejin 

A, Pavlić B. Modeling and optimization of 

ultrasound-assisted extraction of polyphenolic 

compounds from Aronia melanocarpa by-products 

from filter-tea factory. Ultrasonics sonochemistry. 

2015;23:360–8. 

22. Maran JP, Priya B. Ultrasound-assisted extraction 

of polysaccharide from Nephelium lappaceum L. 

fruit peel. International journal of biological 

macromolecules. 2014;70:530-6. 

23. Pradal D, Vauchel P, Decossin S, Dhulster P, 

Dimitrov K. Kinetics of ultrasound-assisted 

extraction of antioxidant polyphenols from food 

by-products: Extraction and energy consumption 

optimization. Ultrasonics Sonochemistry. 

2016;32:137-46. 

24. Samaram S, Mirhosseini H, Tan CP, Ghazali HM, 

Bordbar S, Serjouie A. Optimisation of ultrasound-

assisted extraction of oil from papaya seed by 

response surface methodology: Oil recovery, 

radical scavenging antioxidant activity, and 

oxidation stability. Food Chemistry. 2015;172:7-

17. 

25. Zhang ZS, Wang LJ, Li D, Jiao SS, Chen XD, Mao 

ZH. Ultrasound-assisted extraction of oil from 

flaxseed. Separation and Purification Technology. 

2008;62(1):192-8. 

26. Topală CM, Tătarua LD, Ducu C. ATR-FTIR 

spectra fingerprinting of medicinal herbs extracts 

prepared using microwave extraction. Arabian 

Journal of Medicinal and Aromatic Plants. 

2017;3(1):1-9. 

27. Bashi DS, Fazly Bazzaz BS, Sahebkar A, 

Karimkhani MM, Ahmadi A. Investigation of 

optimal extraction, antioxidant, and antimicrobial 

activities of Achillea biebersteinii and A. 

wilhelmsii. Pharmaceutical biology. 

2012;50(9):1168-76. 

28. Saleh B. Achillea aleppica and Achillea arabica 

(Asteraceae) Phytochemical FT-IR Analysis. 

Journal of Stress Physiology & Biochemistry. 

2024;20(1):29-34. 

29. Villalva M, Silvan JM, Alarcón-Cavero T, 

Villanueva-Bermejo D, Jaime L, Santoyo S, et al. 

Antioxidant, anti-inflammatory, and antibacterial 



 Azadeh Rashidimehr et al 

 
56 Herbal Medicines Journal. 2025, 10(3) 

 

properties of an Achillea millefolium L. extract and 

its fractions obtained by supercritical anti-solvent 

fractionation against Helicobacter pylori. 

Antioxidants. 2022;11(10):1849. 

30. Saeidnia S, Gohari AR, Mokhber-Dezfuli N, 

Kiuchi F. A review on phytochemistry and 

medicinal properties of the genus Achillea. DARU: 

Journal of Faculty of Pharmacy, Tehran University 

of Medical Sciences. 2011;19(3):173. 

31. Rashid F, Bao Y, Ahmed Z, Huang JY. Effect of 

high voltage atmospheric cold plasma on 

extraction of fenugreek galactomannan and its 

physicochemical properties. Food Research 

International. 2020;138:109776. 

32. Pogorzelska-Nowicka E, Hanula MM, 

Brodowska-Trębacz M, Górska-Horczyczak E, 

Jankiewicz U, Mazur T, et al. The effect of cold 

plasma pretreatment on water-suspended herbs 

measured in the content of bioactive compounds, 

antioxidant activity, volatile compounds and 

microbial count of final extracts. Antioxidants. 

2021;10(11):1740. 

33. Bao Y, Reddivari L, Huang JY. Enhancement of 

phenolic compounds extraction from grape 

pomace by high voltage atmospheric cold plasma. 

LWT - Food Science and Technology. 

2020;133:109970. 

34. de Araújo Bezerra J, Lamarão CV, Sanches EA, 

Rodrigues S, Fernandes FA, Ramos GLP, et al. 

Cold plasma as a pre-treatment for processing 

improvement in food: A review. Food Research 

International. 2023;167:112663. 

35. Belgacem ZB, Carre G, Charpentier E, Le-Bras F, 

Maho T, Robert E, et al. Innovative nonthermal 

plasma disinfection process inside sealed bags: 

Assessment of bactericidal and sporicidal 

effectiveness in regard to current sterilization 

norms. PLoS ONE. 2017;12(6):1–18. 

36. Keshavarzi M, Najafi G, Ahmadi Gavlighi H, 

Seyfi P, Ghomi H. Enhancement of polyphenolic 

content extraction rate with maximal antioxidant 

activity from green tea leaves by cold plasma. 

Journal of Food Science. 2020;85(10):3415-22. 

37. Kovacevic DB, Kljusuric JG, Putnik P, Vukušic T, 

Herceg Z, Dragovic-Uzelac V. Stability of 

polyphenols in chokeberry juice treated with gas 

phase plasma. Food Chemistry. 2016;212:323–31. 

38. Pankaj SK, Wan Z, Colonna W, Keener KM. Effect 

of high voltage atmospheric cold plasma on white 

grape juice quality. Journal of the Science of Food 

and Agriculture. 2017;97(12):4016–21. 

39. Liao X, Li, J, Muhammad AI, Suo Y, Chen S, Ye 

X, Ding T. Application of a dielectric barrier 

discharge atmospheric cold plasma (Dbd-Acp) for 

Eshcerichia Coli inactivation in apple juice. 

Journal of Food Science. 2018;83(2):401–8. 

40. Saadat S, Rajabi M, Boskabady MH. Experimental 

and clinical studies on pharmacological actions of 

the genus Achillea: A comprehensive and updated 

review. Avicenna Journal of Phytomedicine. 

2024(14(5)):537. 

41. Nematy M, Mazidi M, Jafari A, Baghban S, 

Rakhshandeh H, Norouzy A, et al. The effect of 

hydro-alcoholic extract of Achillea millefolium on 

appetite hormone in rats. Avicenna journal of 

phytomedicine. 2017;7(1):10. 

42. Klobucar K, Brown ED. New potentiators of 

ineffective antibiotics: Targeting the Gram-

negative outer membrane to overcome intrinsic 

resistance. Current Opinion in Chemical Biology. 

2022;66:102099. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


