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ABSTRACT 

 

The objective of this investigation was to assess the total phenolic and flavonoid content within 

acetone and water extracts derived from Erica manipuliflora, Ferula communis, and Stevia 

rebaudiana plants. Additionally, the in vitro antioxidant and cytotoxic effects of these extracts were 

evaluated using the human cervical cancer (HeLa) cell line as a model. Among the three plant species 

examined, the highest concentrations of total phenols and flavonoids were found in the acetone extract 

of E. manipuliflora, measuring 365.29 mg GAE/g DW and 105.42 mg QE/g DW, respectively. 

Acetone and water extracts of E. manipuliflora showed higher DPPH scavenging activities (IC50: 

37.57 and 33.27 µg/mL, respectively) compared to other plants. furthermore, E. manipuliflora acetone 

extract (IC50: 97.35 µg/mL) exhibited the highest inhibition in the HeLa cell line treated with the 

extracts, thus being the most effective extract on this cell line. As a result of the analyzes, it has been 

shown that F. communis and S. rebaudiana and especially E. manipuliflora are important natural 

antioxidant sources with their strong radical scavenging effects, as well as the anticancer potential of 

these plants. 

 

Keywords: Erica manipuliflora, Ferula communis, Stevia rebaudiana, Antioxidant, Cytotoxic 

Activities, Phenolic Content. 

 

1. INTRODUCTION 

 

Medicinal plants, employed both in traditional and contemporary medical practices, harbor an array of 

phytochemicals within their tissues and organs, showcasing diverse potential benefits such as 

antimicrobial, antioxidant, anticancer, and antifungal properties [1]. Due to the natural and synthetic 

therapeutic properties used today, interest in medicinal and aromatic plants is increasing both in 

different industrial areas such as medicine, cosmetics, agriculture and in academic research. In recent 

times, there has been a growing emphasis on conducting in vitro and in vivo research involving plant 

extracts, driven by the recognition of their multifaceted health benefits. Phytochemicals, found 
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abundantly in these extracts, exhibit a spectrum of therapeutic properties, including but not limited to 

antioxidants, anticancer agents, and anti-inflammatory agents [2]. 

 

Reactive oxygen species (ROS) that occur in plant tissues under biotic and abiotic environmental 

stress conditions and cause DNA and cell damage are scavenged by many enzymatic [PPO 

(Polyphenol oxidase), CAT (catalase), APX (ascorbate peroxidase), POD (peroxidase)] and non-

enzymatic (ascorbic acid, phenolic compounds, carotenoid, glutathione etc.) antioxidants [3]. 

Antioxidants are acknowledged for their capacity to promote well-being and mitigate the likelihood of 

numerous conditions, including various forms of cancer, hypertension, diabetes, asthma, and heart 

disease [4, 5]. Numerous investigations have demonstrated the utility of plant polyphenols, which 

encompass essential biological properties such as antioxidant activity, in combatting a variety of 

oxidative stress-related ailments [6, 7]. Although synthetic antioxidants increase the shelf life of 

foods, some studies have mentioned their disadvantages for human health. For this reason, many 

researchers have focused on the development of easily accessible naturally sourced antioxidants [8]. 

 

Erica manipuliflora Salisb. (Ericaceae) is a plant species in the form of an upright bush that can reach 

a height of about 4 m and is known as "broom grass" or "puren" in Turkey. E. manipuliflora is 

commonly found in parts of the Eastern Mediterranean (Turkey, Cyprus, Lebanon, Syria, Greece), 

Albania, Bosnia and Herzegovina, Croatia, Italy, North Macedonia, Serbia, Montenegro, and 

Slovenia. The aerial parts (leaf and flower) of E. manipuliflora have been used in the treatment of 

many diseases for ages due to their many medicinal benefits (antioxidant, anticholinesterase, diuretic, 

astringent) [9]. The main compound of monoterpenoids, which are abundant in the aerial parts of the 

plant, is germacrene D (13.58%-15.55%) [10]. Although it has been used for therapeutic purposes in 

traditional medicine in Turkey for many years, there is not enough data on both its phytochemicals 

and biological activities in the literature. In this context, E. manipuliflora, which is accepted as a 

medicinal plant with various pharmacological effects, is a species worth examining in terms of its 

biological activities. 

 

Ferula communis L. (Apiaceae) is a tall (1.5-3 m), herbaceous and perennial plant species known as 

"Caksır otu" or "Atkasnagi" in Turkey. F. communis is distributed in the forests and bushes of the 

Mediterranean, East Africa and Central Asia. In the phytochemical analysis of F. communis fruit 

flower root parts, bioactive compounds such as tannic acid, ferulic acid, catechin, syringic acid, gallic 

acid, coumarin were determined in varying proportions of each part [11]. Although the mainly roots 

(β-farnesene, β-cubene, caryophyllene) of this plant, which is rich in especially sesquiterpenes, are 

used for therapeutic purposes, it has been stated in previous studies that leaf (β-eudesmol, α-eudesmol, 

hedycariol), flower (α-pinene, γ-terpinene, hedycariol), and fruit (α-pinene, β-pinene, myrcene) 

extracts also contain different bioactive compounds [12]. F. communis, a plant historically employed 

in traditional pharmacopoeia for treating diverse conditions like fever, skin infections and dysentery, 

has been the subject of research revealing its multifaceted properties, including anti-inflammatory, 

antineoplastic, anticoagulant, antiproliferative, cytotoxic, antimicrobial and herbicidal activities [13-

15]. In another study, it was reported that this plant has toxic effects for humans and animals [16]. 

 

Stevia rebaudiana Bert. (Asteraceae) is a perennial herbaceous plant species that reaches 30-60 cm in 

length, known as "sugar grass" in Turkey and its natural habitat is subtropical regions (such as 
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Paraguay and Brazil). The stevioside found in the leaves of S. rebaudiana adds sweetness to this plant 

and is known to be 100-300 times sweeter than table sugar. Therefore, it is a natural sweet source 

worldwide, especially as an alternative to sucrose and synthetic sweeteners [17]. As a result of GC-

MS analysis of leaves, major phytochemicals (1-heptatriacotanol-antihypercholesterolemia; 

dihydroxanthin-antitumor; β-amyrin and lupenone-anti-inflammatory; phytol-antidiabetic) responsible 

for different and multiple biological activities were obtained [18]. This plant not only serves as a rich 

source of numerous antioxidant compounds but is also harnessed for its therapeutic potential in 

managing neurodegenerative diseases such as Parkinson's and Alzheimer's disease [19]. These 

therapeutic attributes have propelled it into the spotlight of numerous scientific investigations, 

including in vitro studies involving cell cultures, callus cultures, as well as tissue and organ cultures 

[20,21]. 

 

The common features of these three species used in the current study are that they belong to the class 

of medicinal and aromatic plants that contain extremely important compounds in the pharmacopeia 

and are suitable for the geography of Turkey. In this context, some biochemical contents of E. 

manipuliflora, F. communis, S. rebaudiana plants were investigated, and antioxidant potentials and 

cytotoxic activities of these plant extracts were determined and compared with each other. 

 

2. MATERIALS and METHOD 

 

2.1. Plant Material and Preparation of the Extracts 

The plant specimens used in this study were sourced from the Zeytinburnu Medicinal Plant Botanic 

Gardens located in Istanbul, Turkey. Plant samples [E. manipuliflora-aerial (leaf and flower), F. 

communis-root, S. rebaudiana-leaf] were dried at room conditions and ground into powder in a 

grinder. To obtain the extracts, 20 g of finely ground plant samples were subjected to extraction in 250 

mL of both acetone and water separately using a Soxhlet apparatus for a duration of 12 h. Following 

extraction, the resulting extracts were subsequently filtered through Whatman No.1 filter paper. The 

acetone extract was evaporated under vacuum at 40°C with a rotary evaporator, the water extract was 

lyophilized. All samples were stored in a closed container at -20°C until analysis. The data presented 

in Table 1 showcases the yield rates of extracts derived from plant samples, specifically those 

obtained through the use of acetone and water. 

 

Table 1. Yield (%) of obtained the plant extracts. 

Samples Abbreviation of the extracts Yield (%) 

Acetone extract obtained from 

E. manipuliflora 

EEA 6.14 ± 0.47 

Water extract obtained from E. 

manipuliflora 

EEW 18.21 ± 1.31 

Acetone extract obtained from 

F. communis 

FEA 8.6 ± 0.54 

Water extract obtained from  

F. communis 

FEW 22.34 ± 1.14 
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Acetone extract obtained from 

S. rebaudiana 

SEA 3.47 ± 0.67 

Water extract obtained from S. 

rebaudiana 

SEW 26.52 ± 1.23 

 
2.2. Quantitative Determination of Secondary Metabolites in Plant Extracts 

2.2.1. Determination of total phenolic content (TPC) 

The quantification of total phenolic contents (TPC) in the extracts followed the method outlined by 

Ulusu and Şahin [22], employing the Folin-Ciocalteu colorimetric assay. A standard calibration curve 

using gallic acid was used as a reference. 100 µl of extracts (10 mg/mL), 9 mL dH2O, 200 µl of Folin-

Ciocalteu reagent and 600 µl of Na2CO3 (2%, w/v) were added, after mixing, the total volume was 

adjusted to 10 mL with dH2O. After the samples were incubated for 2 h under dark room conditions, 

the absorbances of the samples were measured at 750 nm in the Shimadzu UV-1800 

spectrophotometer. The total phenolic content was calculated as the mean ± standard error from the 

calibration curve obtained as gallic acid equivalent (GAE). All experiments were performed in 

triplicate. 

 

2.2.2. Determination of total flavonoid content (TFC) 

The quantification of total flavonoid contents (TFC) in the extracts followed a slightly modified 

protocol based on the method originally described by Bouasla [23], utilizing quercetin as the standard. 

In this procedure, 250 μl of extracts at a concentration of 10 mg/mL were combined with 1.25 mL of 

dH2O, 75 μl of NaNO3 (5%, w/v), 150 μl of AlNO3 (10%, w/v), and 0.5 mL of NaOH (1M). The total 

volume was adjusted to 2.5 mL using dH2O to complete the assay. Following thorough mixing, the 

solution was allowed to incubate at ambient room temperature for a duration of 40 min. Subsequently, 

the absorbance values were recorded at a wavelength of 415 nm using a spectrophotometer. The 

quantification in quercetin equivalent (QE) was carried out by applying the standard calibration curve 

established with quercetin. 

 

2.3. DPPH (1-1-diphenyl 2-picryl hydrazyl) Radical Scavenging Assay 

In measuring the DPPH scavenging activity of plant extracts, each extract and DPPH were dissolved 

in methanol. 0.2 mL of each extract at different concentrations (10, 25, 50, 100, 200, 400 μg/mL) and 

1.8 mL of DPPH (0.06 mM) solution was added to it. The solutions were kept in dark room conditions 

for 30 min (incubation time). Absorbance values were determined at 517 nm following incubation. In 

this experimental setup, ascorbic acid served as the designated positive control. In addition, all 

experiments were performed in triplicate. The following equation was used to compute the extracts' 

percent inhibition of DPPH radical scavenging:  

 

 

 

 

𝐴0 = The absorbance of the control 
𝐴𝑠 = The absorbance of the extract 

 



 
  
 
 

 

 
 
 

Ulusu, F.,  Journal of Scientific Reports-A, Number 54, 338-352, September 2023 
 

 
 

342 
 

2.4. Cell Culture 

In this study, the human cervical cancer (HeLa) cell line was cultured in a medium comprising 

DMEM (Dulbecco's Modified Eagle Medium) supplemented with 10% fetal bovine serum (FBS), 1% 

penicillin-streptomycin, and 0.01% gentamicin. The culture plates were maintained in a sterile 

microculture environment within an incubator set at 37°C, with a controlled humidified atmosphere 

containing 5% CO2. Subsequent to the incubation period, confluent cells were dislodged from the 

culture surface employing the standard trypsinization procedure. The cytotoxicity assays were 

conducted in triplicate for each sample during in vitro testing. 

 

2.4.1. Cell viability assay 

The evaluation of cytotoxicity on the HeLa cell line was conducted using the Alamar Blue® assay. To 

facilitate testing, all plant extracts were initially dissolved in a 1 mg/mL DMSO (dimethyl sulfoxide) 

stock solution. Importantly, the DMSO concentration in the culture medium did not exceed 0.1%. 

Subsequently, we prepared a series of dilutions to achieve various sample concentrations, including 

10, 25, 50, 100, 200, and 400 µg/mL. Cells were introduced to 96-well microculture plates, with each 

well receiving a seeding of 2x10
4
 cells. They were then incubated for 24 h at 37°C to facilitate proper 

adhesion to the plate surface. After incubation, fresh medium containing different concentrations of 

plant extracts (10, 25, 50, 100, 200, 400 μg/mL) was added. The negative control group was culture 

medium containing 0.1% DMSO. The HeLa cell line was exposed to plant extracts in triplicate for 24 

h at 37°C. After incubation, Alamar Blue® reagent (1:10, v/v) was added to each microplate well. 

Subsequently, the plates underwent a 4 h incubation period at 37°C, during which measurements were 

taken at wavelengths of 570 nm and 600 nm using a spectrophotometric microplate reader (Multiscan 

Go, Thermo Fisher Scientific, USA). Cell viability was then determined as a percentage of the initial 

cell count. 

 

3. RESULTS AND DISCUSSION 

 

3.1. The Yield of Crude Extracts 

Phytochemical extraction from plant material is the focus of research. Secondary metabolites with 

different polarities can be included in the solution depending on the polarity of the solvents used in the 

extraction [24]. In this study, extractions of E. manipuliflora, F. communis and S. rebaudiana were 

carried out using polar (water) and apolar (acetone) solvents. From the plant materials used, the 

highest yield was obtained from SEW (26.52%), while the lowest yield was obtained from SEA (Table 

1). The water extract was effective in obtaining the highest yield of all plant extracts. This result 

shows that increasing solvent polarity significantly increases the plant extraction yield. Zaidan [18] 

emphasized that water was the best solvent compared to methanol, ethanol and acetone solvents in S. 

rebaudiana extraction and obtained the highest yield from the water extract. Again, among the 

compounds extracted in water, the inclusion of not only secondary metabolites but also high-soluble 

primary metabolites (such as protein and carbohydrates) in the extract contributes to increasing the 

yield [25]. 

 

3.2. TPC and TFC of the Plant Extracts 

TPC and TFC of acetone and water extracts obtained from E. manipuliflora, F. communis and S. 

rebaudiana were investigated. The recovery amount of TPC and TFC from E. manipuliflora and F. 
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communis water extracts is significantly higher than from acetone extracts. Also, according to the 

data, the highest phenol content belongs to EEW (365.29 mg GAE/g DW), followed by FEW (132.82 

mg GAE/g DW). Similarly, the highest total flavonoid content was found to be EEW (105.42 mg QE/g 

DW), while the lowest SEW (6.53 mg QE/g DW) (Table 2).  

 

It is stated that polar solvents are generally more suitable for revealing the polyphenols in the plant 

cell, while alcohol-derived solvents are more effective in the degradation of the cell wall and testa. 

Again, polar solvents such as water and methanol are more efficient than apolar solvents in terms of 

extraction of phenolic compounds [26, 27]. The dielectric constant of the organic solvents utilized in 

the extraction process can influence TPC and TFC found in plant extracts [28]. Therefore, this study 

proves once again that polarity differences of plant phytochemicals and solvents affect phenolic and 

flavonoid recovery. Prior research has identified the presence of numerous phenolic and flavonoid 

compounds within the specific plant species under investigation. In these studies, unlike us, methanol 

and ethanol extracts were used in S. rebaudiana plant, and while the highest TPC was obtained from 

polar solvents (methanol-6.96 and water-6.65 mg GAE/g), the highest TFC was obtained from ethanol 

extract (10.91 mg QE/g) [18]. Again, TPC in ethanol extracts of four S. rebaudiana lines ranged from 

55.64 to 58.35 mg GAE/g DW [29]. E. manipuliflora, this situation varied in extraction by different 

solvents (water, methanol, chloroform, ethyl acetate, n-butanol) and the highest TFC was determined 

with ethyl acetate (735.5 mg GAE/g) [30]. In another study, the TPC of E. manipuliflora methanol 

extract was 260 mg QE/g [31]. TPC and TFC of F. communis (stem) methanol extract were obtained 

as 129.86 mg GAE/g DW and 13.37 mg QE/g DW, respectively [11]. Among the extracts of F. 

communis (aerial part) made by different solvents, the highest TPC (0.031 mg GAE/mg extract) was 

in the ethanol:water (50:50) mixture [32]. 

 

Table 2. Total phenolic content (TPC) and total flavonoid content (TFC) of the plant extracts. 

Plant extracts TPC (mg GAE/g DW)
a
 TFC (mg QE/g DW)

b
 

EEA 103.32 ± 5.71 27.43 ± 0.53 

EEW 365.29 ± 1.52 105.42 ± 1.41 

FEA 114.75 ± 2.23 15.21 ± 0.44 

FEW 132.82 ± 2.81 18.43 ± 0.56 

SEA 63.78 ± 0.86 7.87 ± 0.25 

SEW 55.46 ± 0.72 6.53 ± 0.16 

Each value is represented as the mean ± standard deviation, based on a sample size of n = 3. 
a
mg gallic acid equivalent per gram of dry weight. 

b
mg quercetin equivalent per gram of dry weight. 

 

3.3. DPPH Scavenging Activities of the Plant Extracts 

One of the oldest and most commonly employed in vitro techniques for assessing the antioxidant 

properties of research materials relies on DPPH radical analysis. A dose-dependent increase in DPPH 

scavenging activities was observed across various concentrations (10, 25, 50, 100, 200, and 400 
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μg/mL) of the plant extracts. Among the extracts, the treatment of EEW and EEA at concentrations of 

200 and 400 μg/mL resulted in the highest antioxidant activity with over 85% inhibition, and the 

results of these two concentration treatments were statistically different (p<0.05) (Figure 1.). In 

addition, the lowest IC50 value (33.27 µg/mL) was belonged to EEW, while the highest IC50 value 

(101.11 µg/mL) was found in SEA (Table 3.). While both water and acetone extracts of E. 

manipuliflora had the highest DPPH scavenging activity, the lowest activity was determined in 

acetone extracts of S. rebaudiana. Antioxidant compounds in water and acetone extracts of the studied 

plant species showed good rate antioxidant activity. In addition, there are many antioxidant studies 

conducted in these plant species. In the literature, DPPH activity of E. manipuliflora was determined 

as IC50: 255.9 mg/mL in methanol extract [31], IC50: 0.021 µg/mL in water extract [30]. The DPPH 

activity of S. rebaudiana (leaf) was found to be IC50: 83.45 µg/mL in aqueous extract [33], IC50: 93.46 

µg/mL in ethanol extract [34], IC50: 752.6 and 904.4 mg/mL in water and methanolic extract, 

respectively [35]. F. communis (stem) methanol extract has an IC50 value of 168 μg/mL in the DPPH 

activity [11], in another study, the best antioxidant activity was determined with a parallel effect to the 

ethanol:water extract, from which the highest antioxidant compounds were obtained [32]. Our results 

show that water and acetone extracts of E. manipuliflora, F. communis and S. rebaudiana are potent 

antioxidants. Oxidizing enzymes (such as peroxidase) contribute to the reduction of oxidative damage 

in cells by being inhibited by some plant-derived molecules (phenols). In this study, it was determined 

that F. communis and S. rebaudiana, and especially E. manipuliflora, contain high levels of phenolic 

compounds, and thus, it can be thought that they show high antioxidant capacity due to these 

phytochemicals. 

Figure. 1. DPPH scavenging activities of different plants extracts. 

 

3.4. Cytotoxicity activities 

The Alamar Blue® assay was employed to assess the viability of HeLa cells following exposure to 
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extracts from E. manipuliflora, F. communis, and S. rebaudiana. Across all tested plant extracts, a 

concentration-dependent cytotoxic effect on HeLa cells was observed. Particularly noteworthy was the 

significant reduction in cell viability, which reached 22.26% when exposed to EEA at a concentration 

of 400 µg/mL. Furthermore, HeLa cells subjected to the highest concentrations of EEA, EEW, FEA, and 

FEW exhibited viabilities below 35%, as illustrated in Figure 2. These percentages were also supported 

by the IC50 values, and the lowest IC50 value (97.35 µg/mL) belonged to the EEA. The extract with the 

lowest effect in this cancer cell line was SEW (IC50: 341.96 µg/mL) (Table 3). Many different species 

of Erica genus exhibited different biological activities such as cytotoxic [36], antibacterial, 

antioxidant [37, 38], diuretic [39], anti-inflammatory [40]. These studies indicate Erica's potential for 

alternative and complementary therapy. In this study, acetone and water extracts of E. manipuliflora, 

which has limited literature, showed cytotoxic activity on HeLa cell line. In the literature, the 

cytotoxic activities of different species of Erica genus on different cell lines (E. carnea - MCF-7 [41]: 

E. multiflora - B-16 melonoma [42]) have been investigated and the data obtained support our results. 

In addition, the fact that E. manipuliflora contains more phonolic compounds compared to other 

species in our study may suggest that these plant extracts support more cytotoxic potential on HeLa 

cell line. 

 

F. communis and S. rebaudiana are important medicinal and aromatic plants grown in the geography 

of Turkey. The inclusion of both species in the category of medicinal plants has been supported by 

many biological activity studies. In the researches, besides the antioxidant activities of these plant 

species, the antimicrobial [43], cytotoxic [15], anti-neuroinflammatory [44] activities of F. communis, 

and the antidiabetic [45], antimicrobial [46], anticancer [47], anti-hyperuricemic [48] activities of S. 

rebaudiana are remarkable. Studies involving various Ferula species have consistently reported a 

range of bioactivities, including cytotoxic, antioxidant, anticholinesterase, and anti-tyrosinase effects, 

which are often attributed to the presence of phenolic compounds in these plants [49, 50]. On the other 

hand, the genus Stevia has garnered attention due to the substantial inhibitory effects displayed by its 

metabolites, such as stevioside, steviolbioside, and isosteviol derivatives, on several cancer cell lines, 

including MDA-MB-231, Hep3B, BxPC-3 [51], HER2+ SKBR-3 [52] and MCF-7 [53]. These 

findings underscore the potential significance of Stevia in alternative and complementary therapies for 

cancer. Notably, our study aligns with these observations, as we have observed remarkable cytotoxic 

potential in the HeLa cell line for both F. communis and S. rebaudiana species. Future investigations 

into the gene expression and related aspects in other cancer cell lines exposed to E. manipuliflora, a 

plant with limited anticancer information, hold promise for expanding our understanding of its 

effectiveness in modulating cancer metabolism. 
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Figure 2. % Cell viability rates on HeLa cells treated with different plant extracts. 

 

Table 3. IC50 values (µg/mL) resulting from DPPH scavenging activities and cytotoxic activities of 

different plant extracts. 

Treatment DPPH scavenging activities 

IC50 (µg/mL) 

Cytotoxic activities 

IC50 (µg/mL) 

EEA 37.57± 0.52 97.35 ± 0.58 

EEW 33.27 ± 0.18 165.44 ± 1.74 

FEA 40.29 ± 0.70 207.13 ± 9.02 

FEW 37.42 ± 0.29 213.35 ± 0.95 

SEA 101.11 ± 1.87 262.31 ± 6.47 

SEW 88.82 ± 1.44 341.96 ± 3.05 

 

4. CONCLUSION 

 
Total phenol and flavonoid contents, antioxidant activities and cytotoxic properties on human cervical 

cancer (HeLa) cell line of E. manipuliflora, F. communis and S. rebaudiana acetone and water 

extracts were determined. Among these three species, E. manipuliflora species stood out in terms of 

both phenolic compound content and antioxidant and cytotoxic activity. This study highlights that the 

plants under investigation serve as readily available natural sources of antioxidants, demonstrating 

substantial cytotoxic activity. These findings emphasize the potential utility of these plants in 

pharmacology, owing to their rich reservoir of valuable phytochemicals, for the management and 

treatment of various diseases. 

 



 
  
 
 

 

 
 
 

Ulusu, F.,  Journal of Scientific Reports-A, Number 54, 338-352, September 2023 
 

 
 

347 
 

ACKNOWLEDGEMENT 

 

This research received no specific grants from any funding agency in public, commercial or non-

profit sectors. 

 

 

REFERENCES 

 

[1] Khan, T., Ali, M., Khan, A., Nisar, P., Jan, S. A., Afridi, S., Shinwari, Z. K., (2019), Anticancer 

plants: A review of the active phytochemicals, applications in animal models, and regulatory 

aspects. Biomolecules, 10, 47. 

 

[2] Sen, T.,Samanta, S. K., (2015), Medicinal plants, human health and biodiversity: a broad review. 

Biotechnological applications of biodiversity, 59-110. 

 

[3] Hasanuzzaman, M., Bhuyan, M. B., Zulfiqar, F., Raza, A., Mohsin, S. M., Mahmud, J. A., 

Fotopoulos, V., (2020), Reactive oxygen species and antioxidant defense in plants under abiotic 

stress: Revisiting the crucial role of a universal defense regulator. Antioxidants, 9, 681. 

 

[4] Allen, S., Britton, J. R., Leonardi-Bee, J. A., (2009), Association between antioxidant vitamins 

and asthma outcome measures: systematic review and meta-analysis. Thorax, 64, 610-619. 

 

[5] Myung, S. K., Ju, W., Cho, B., Oh, S. W., Park, S. M., Koo, B. K., Park, B. J., (2013)., Efficacy 

of vitamin and antioxidant supplements in prevention of cardiovascular disease: systematic 

review and meta-analysis of randomised controlled trials. Bmj, 346. 

 

[6] Saeidnia, S., Abdollahi, M., (2013), Toxicological and pharmacological concerns on oxidative 

stress and related diseases. Toxicology and applied pharmacology, 273, 442-455. 

 

[7] Salehi, B., Azzini, E., Zucca, P., Maria Varoni, E., V. Anil Kumar, N., Dini, L., Sharifi-Rad, J., 

(2020), Plant-derived bioactives and oxidative stress-related disorders: a key trend towards 

healthy aging and longevity promotion. Applied sciences, 10, 947. 

 

[8] Fernandes, R. D. P. P., Trindade, M. A., de Melo, M. P., (2018), Natural antioxidants and food 

applications: healthy perspectives. In Alternative and replacement foods (pp. 31-64). Academic 

Press. 

 

[9] Yüksel, A. K., Dikici, E., Yüksel, M., Işik, M., Tozoğlu, F., Köksal, E., (2021), Phytochemicals 

analysis and some bioactive properties of Erica manipuliflora Salisb.(EMS); Antibacterial, 

Antiradical and Anti-lipid Peroxidation. Iranian Journal of Pharmaceutical Research: IJPR, 20, 

422. 

 



 
  
 
 

 

 
 
 

Ulusu, F.,  Journal of Scientific Reports-A, Number 54, 338-352, September 2023 
 

 
 

348 
 

[10] Kuş, Ç., Taş, M., Küçükaydin, S., Tel-Cayan, G., Duru, M. E., (2019), Chemical analysis and in 

vitro antioxidant and anticholinesterase activities of essential oils and extracts from different 

parts of Erica manipuliflora. J. Res. Pharm, 23, 1098-1105. 

 

[11] Rahali, F. Z., Kefi, S., Bettaieb Rebey, I., Hamdaoui, G., Tabart, J., Kevers, C., Hamrouni 

Sellami, I., (2019), Phytochemical composition and antioxidant activities of different aerial parts 

extracts of Ferula communis L. Plant Biosystems-An International Journal Dealing with all 

Aspects of Plant Biology, 153, 213-221. 

 

[12] Maggi, F., Papa, F., Dall’Acqua, S., Nicoletti, M., (2016), Chemical analysis of essential oils 

from different parts of Ferula communis L. growing in central Italy. Natural Product Research, 

30, 806-813. 

 

[13] Monti, M., Pinotti, M., Appendino, G., Dallocchio, F., Bellini, T., Antognoni, F., Bernardi, F., 

(2007), Characterization of anti-coagulant properties of prenylated coumarin ferulenol. 

Biochimica et Biophysica Acta (BBA)-General Subjects, 1770, 1437-1440. 

 

[14] Mamoci, E., Cavoski, I., Andres, M. F., Díaz, C. E., Gonzalez-Coloma, A., (2012), Chemical 

characterization of the aphid antifeedant extracts from Dittrichia viscosa and Ferula communis. 

Biochemical Systematics and Ecology, 43, 101-107. 

 

[15] Maiuolo, J., Musolino, V., Guarnieri, L., Macrì, R., Coppoletta, A. R., Cardamone, A., Mollace, 

V., (2022), Ferula communis L.(Apiaceae) Root Acetone-Water Extract: Phytochemical 

Analysis, Cytotoxicity and In Vitro Evaluation of Estrogenic Properties. Plants, 11, 1905. 

 

[16] Marchi, A., Appendino, G., Pirisi, I., Ballero, M., Loi, M. C., (2003), Genetic differentiation of 

two distinct chemotypes of Ferula communis (Apiaceae) in Sardinia (Italy). Biochemical 

Systematics and Ecology, 31, 1397-1408. 

 

[17] Lemus-Mondaca, R., Vega-Gálvez, A., Zura-Bravo, L., Ah-Hen, K., (2012), Stevia rebaudiana 

Bertoni, source of a high-potency natural sweetener: A comprehensive review on the 

biochemical, nutritional and functional aspects. Food chemistry, 132, 1121-1132. 

 

[18] Zaidan, U. H., Zen, N. I. M., Amran, N. A., Shamsi, S., Abd Gani, S. S., (2019), Biochemical 

evaluation of phenolic compounds and steviol glycoside from Stevia rebaudiana extracts 

associated with in vitro antidiabetic potential. Biocatalysis and Agricultural Biotechnology, 18, 

101049. 

 

[19] Hajihashemi, S., Geuns, J. M., (2013), Free radical scavenging activity of steviol glycosides, 

steviol glucuronide, hydroxytyrosol, metformin, aspirin and leaf extract of Stevia rebaudiana. 

Free Radicals and Antioxidants, 3, S34-S41. 

 



 
  
 
 

 

 
 
 

Ulusu, F.,  Journal of Scientific Reports-A, Number 54, 338-352, September 2023 
 

 
 

349 
 

[20] Pandey, D. K., Konjengbam, M., Dwivedi, P., Kaur, P., Kumar, V., Ray, D., Dey, A., (2021), 

Biotechnological interventions of in vitro propagation and production of valuable secondary 

metabolites in Stevia rebaudiana. Applied Microbiology and Biotechnology, 1-22. 

 

[21] Ahmad, M. A., Deng, X., Adeel, M., Rizwan, M., Shakoor, N., Yang, Y., Javed, R., (2022), 

Influence of calcium and magnesium elimination on plant biomass and secondary metabolites of 

Stevia rebaudiana Bertoni. Biotechnology and Applied Biochemistry, 69, 2008-2016. 

 

[22] Ulusu, F., Şahin, A., (2022), Changes in cytotoxic capacity, phenolic profile, total phenols and 

flavonoids of Nigella damascena L. seed extracts under different liquid fertilization. South 

African Journal of Botany, 150, 500-510. 

 

[23] Bouasla, I., Bouasla, A., Boumendjel, A., Messarah, M., Abdennour, C., Boulakoud, M. S., El 

Feki, A., (2014), Nigella sativa oil reduces aluminium chloride-induced oxidative injury in liver 

and erythrocytes of rats. Biological trace element research, 162, 252-261. 

 

[24] Naima, R., Oumam, M., Hannache, H., Sesbou, A., Charrier, B., Pizzi, A., Charrier–El 

Bouhtoury, F., (2015), Comparison of the impact of different extraction methods on polyphenols 

yields and tannins extracted from Moroccan Acacia mollissima barks. Industrial Crops and 

Products, 70, 245-252. 

 

[25] Zaidan, U. H., Hamid, S. N. M., Yusof, M. F. M., Ahmad, S., Abd Ghani, S. S., Shamsi, S., 

(2018), Chemical evaluation and antioxidant properties of extracts and essential oil from Stevia 

rebaudiana leaves. Malaysian Applied Biology, 47, 15-23. 

 

[26] Mahugo Santana, C., Sosa Ferrera, Z., Esther Torres Padrón, M., Juan Santana Rodríguez, J. 

(2009), Methodologies for the extraction of phenolic compounds from environmental samples: 

new approaches. Molecules, 14, 298-320. 

 

[27] Mohsen, S. M., Ammar, A. S., (2009), Total phenolic contents and antioxidant activity of corn 

tassel extracts. Food chemistry, 112, 595-598. 

 

[28] Zhang, Y., Cai, P., Cheng, G., Zhang, Y., (2022), A brief review of phenolic compounds 

identified from plants: Their extraction, analysis, and biological activity. Natural Product 

Communications, 17, 1934578X211069721. 

 

[29] Zeng, J., Cai, W., Yang, W., Wu, W., (2013), Antioxidant abilities, phenolics and flavonoids 

contents in the ethanolic extracts of the stems and leaves of different Stevia rebaudiana Bert 

lines. Sugar Tech, 15, 209-213. 

 

[30] Koroglu, A., Hurkul, M. M., Kendir, G., Kucukboyaci, N., (2019), In vitro antioxidant capacities 

and phenolic contents of four Erica L. (Ericaceae) taxa native to Turkey. 

 



 
  
 
 

 

 
 
 

Ulusu, F.,  Journal of Scientific Reports-A, Number 54, 338-352, September 2023 
 

 
 

350 
 

[31] Turgay, O., Esen, Y., (2015), Antioxidant, total phenolic and antimicrobial characteristics of 

some species. Bulgarian Journal of Agricultural Science, 21, 498-503. 

 

[32] Aydın, F., Kahraman, Z. A., Türkoğlu, E. A., Müslüm, K. U. Z. U., Severoğlu, Z., (2021), In 

vitro antioxidant activity and carbonic anhydrase inhibitory features of Ferula communis 

extracts. International Journal of Agriculture Environment and Food Sciences, 5, 592-598. 

 

[33] Shukla, S., Mehta, A., Mehta, P., Bajpai, V. K., (2012), Antioxidant ability and total phenolic 

content of aqueous leaf extract of Stevia rebaudiana Bert. Experimental and Toxicologic 

Pathology, 64, 807-811. 

 

[34] Shukla, S., Mehta, A., Bajpai, V. K., Shukla, S., (2009), In vitro antioxidant activity and total 

phenolic content of ethanolic leaf extract of Stevia rebaudiana Bert. Food and Chemical 

Toxicology, 47, 2338-2343. 

 

[35] Tadhani, M. B., Patel, V. H., Subhash, R., (2007), In vitro antioxidant activities of Stevia 

rebaudiana leaves and callus. Journal of food composition and Analysis, 20, 323-329. 

 

[36] Nunes, R., Rodrigues, S., Pasko, P., Tyszka-Czochara, M., Grenha, A., de Carvalho, I. S., 

(2014), Effect of Erica australis extract on Caco-2 cells, fibroblasts and selected pathogenic 

bacteria responsible for wound infection. Industrial Crops and Products, 52, 99-104. 

 

[37] Guendouze-Bouchefa, N., Madani, K., Chibane, M., Boulekbache-Makhlouf, L., Hauchard, D., 

Kiendrebeogo, M., Duez, P. (2015). Phenolic compounds, antioxidant and antibacterial activities 

of three Ericaceae from Algeria. Industrial crops and products, 70, 459-466. 

 

[38] Santos, A., Luís, Â., Ferreira, S., Duarte, A. P., (2019), Antioxidant and antimicrobial activity 

and potential of heather (Erica spp.) extracts in the control of Listeria monocytogenes. 

International Journal of Food Science & Technology, 54, 862-870. 

 

[39] Sadki, C., Hacht, B., Souliman, A., Atmani, F., (2010), Acute diuretic activity of aqueous Erica 

multiflora flowers and Cynodon dactylon rhizomes extracts in rats. Journal of 

Ethnopharmacology, 128, 352-356. 

 

[40] Amroun, D., Hamoudi, M., Khennouf, S., Boutefnouchet, S., Harzallah, D., Amrane, M., 

Dahamna, S., (2021), In-vivo anti-inflammatory activity and safety assessment of the aqueous 

extract of Algerian Erica arborea L. (Ericaceae) aerial parts. Journal of Ethnopharmacology, 271, 

113881. 

 

[41] Ghadimi, F., Mirzaie, A., Arasteh, J., (2019), Antibacterial and cytotoxicity of synthesized silver 

nanoparticles using Erica carnea extract on breast cancer cell line (MCF-7) and analysis of its 

apoptotic effects. Razi Journal of Medical Sciences, 26, 84-94. 

 



 
  
 
 

 

 
 
 

Ulusu, F.,  Journal of Scientific Reports-A, Number 54, 338-352, September 2023 
 

 
 

351 
 

[42] Villareal, M. O., Han, J., Matsuyama, K., Sekii, Y., Smaoui, A., Shigemori, H., Isoda, H., 

(2013), Lupenone from Erica multiflora leaf extract stimulates melanogenesis in B16 murine 

melanoma cells through the inhibition of ERK1/2 activation. Planta medica, 79, 236-243. 

 

[43] Akaberi, M., Iranshahy, M., Iranshahi, M., (2015), Review of the traditional uses, 

phytochemistry, pharmacology and toxicology of giant fennel (Ferula communis L. subsp. 

communis). Iranian Journal of Basic Medical Sciences, 18, 1050. 

 

[44] Yoshino, Y., Tanaka, N., Tsuji, D., Itoh, K., Kashiwada, Y., (2023), Communiferulins, 

farnesylated coumarins from the roots of Ferula communis and their anti-neuroinflammatory 

activity. Journal of Natural Medicines, 77, 173-179. 

 

[45] Shivanna, N., Naika, M., Khanum, F., Kaul, V. K., (2013), Antioxidant, anti-diabetic and renal 

protective properties of Stevia rebaudiana. Journal of Diabetes and its Complications, 27, 103-

113. 

 

[46] Ferrazzano, G. F., Cantile, T., Alcidi, B., Coda, M., Ingenito, A., Zarrelli, A., Pollio, A., (2015), 

Is Stevia rebaudiana Bertoni a non cariogenic sweetener? A review. Molecules, 21, 38. 

 

[47] Iatridis, N., Kougioumtzi, A., Vlataki, K., Papadaki, S., Magklara, A., (2022), Anti-cancer 

properties of Stevia rebaudiana; more than a sweetener. Molecules, 27, 1362. 

 

[48] Mehmood, A., Zhao, L., Ishaq, M., Xin, W., Zhao, L., Wang, C., Xu, M., (2020), Anti-

hyperuricemic potential of stevia (Stevia rebaudiana Bertoni) residue extract in hyperuricemic 

mice. Food & Function, 11, 6387-6406. 

 

[49] Znati, M., Ben Jannet, H., Cazaux, S., Souchard, J. P., Harzallah Skhiri, F., Bouajila, J., (2014), 

Antioxidant, 5-lipoxygenase inhibitory and cytotoxic activities of compounds isolated from the 

Ferula lutea flowers. Molecules, 19, 16959-16975. 

 

[50] Deveci, E., Tel-Çayan, G., Duru, M. E., (2018), Phenolic profile, antioxidant, anticholinesterase, 

and anti-tyrosinase activities of the various extracts of Ferula elaeochytris and Sideritis stricta. 

International journal of food properties, 21, 771-783. 

 

[51] Chen, J. M., Ding, L., Sui, X. C., Xia, Y. M., Lu, T., (2016), Production of a bioactive sweetener 

steviolbioside via specific hydrolyzing ester linkage of stevioside with a β-galactosidase. Food 

chemistry, 196, 155-160. 

 

[52] Khare, N., Chandra, S., (2019), Stevioside mediated chemosensitization studies and cytotoxicity 

assay on breast cancer cell lines MDA-MB-231 and SKBR3. Saudi Journal of Biological 

Sciences, 26, 1596-1601. 

 



 
  
 
 

 

 
 
 

Ulusu, F.,  Journal of Scientific Reports-A, Number 54, 338-352, September 2023 
 

 
 

352 
 

[53] Ibrahem, E. S., Ragheb, E. M., Yousef, F. M., Abdel-Azizand, M. F., Alghamdi, B. A., (2020), 

Nutritional value, cytotoxic and antimicrobial activities of Stevia rebaudiana leaf extracts. J. 

Biochem. Technol, 11, 108-115. 

 


