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ABSTRACT. Foodborne pathogens pose a significant hazard to food safety. Most cases 

of foodborne illnesses are caused by bacterial pathogens that have infiltrated the food chain 

at some point, from farm to kitchen. According to the World Health Organization (WHO), 

approximately one-third of individuals in developed countries are affected by foodborne 

pathogens each year. Although there are studies on Hypericum perforatum L. in the 

literature, research in Turkey remains limited. Therefore, the aim is to contribute to the 

literature by studying H. perforatum  samples from the Yaraş region of Muğla province in 

Turkey. This study specifically aims to investigate the antimicrobial activities against 

foodborne pathogens and the antioxidant activity of H. perforatum in Muğla. The in vitro 

antimicrobial activities of flower components from plants grown in Mugla were evaluated 

using the disc diffusion method and broth dilution test. Additionally, the extracts underwent 

ABTS (2,2′-azinobis-(3-ethyl benzothiazoline-6-sulfonic acid)) free-radical testing to 

evaluate their antioxidant activity. The extract exhibited a maximum inhibition zone of 16 

mm against Staphylococcus aureus and Listeria monocytogenes. Notably, S. aureus and L. 

monocytogenes demonstrated the lowest sensitivity to H. perforatum methanol extract 

(1625 µg/mL). The methanol extract displayed moderate antioxidant activity, with a 53% 

ABTS radical scavenging capacity. Consequently, the extracts of H. perforatum exhibited 

both antimicrobial and antioxidant potential. 
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INTRODUCTION  
 

Free radicals are atoms or molecules carrying unpaired electrons, highly reactive and 

capable of rapidly engaging in exchange reactions that destabilize other molecules and generate 

many more free radicals (MANDAL et al., 2009). In biological systems, free radicals are often 

derived from oxygen, nitrogen, and sulfur molecules. These free radicals are components of 

molecular groups referred to as reactive oxygen species (ROS), reactive nitrogen species 

(RNS), and reactive sulfur species (RSS) (VAJRAGUPTA et al., 2004). If not neutralized, free 

radicals can cause damage to all cellular macromolecules, including proteins, carbohydrates, 
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and nucleic acids (NGUYEN et al., 2017). Their destructive effects alter the physiological 

functioning of the cell (YOUNG and WOODSIDE, 2001). The accumulation of free radicals 

initiates various neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease, 

muscular dystrophy, and atherosclerosis (SINGH and JIALAL, 2006).  

Neutralizing free radicals is made possible through antioxidants. The mechanistic 

definitions of antioxidants generally focus on their ability to act as hydrogen donors or electron 

donors (LÜ et al., 2010). Synthetic antioxidants are chemically synthesized compounds that do 

not naturally occur in nature and are added to foods as preservatives to help prevent lipid 

oxidation (ATTA et al., 2017). Synthetic antioxidants such as butylated hydroxytoluene (BHT), 

butylated hydroxyanisole (BHA), and tert-butylhydroquinone (TBHQ) are widely used as 

antioxidants in the food industry. However, synthetic antioxidants such as BHA, BHT, n-propyl 

gallate (PG), chemical precursors, and toxic solvents, lead to the formation of hazardous by-

products with a potential health risk (FLIEGER et al., 2021).  

With the increasing consumer demand for natural antioxidants, research continues to 

discover non-toxic and non-carcinogenic alternatives from natural sources that can meet 

consumer demands and serve as alternatives to synthetic antioxidants (BANDONIENE et al., 

2002). Nature-identical antioxidants (tocopherols, phospholipids, carotenoids, ascorbic acid, 

and their esters) are recommended due to their safe and reliable purity, relatively low cost, and 

easy availability. They are generally recognized as safe (POKORNY, 2007). Compared to 

synthetic antioxidants, natural antioxidants derived from plants are considered more acceptable, 

reliable, and safer. This appeal addresses a nature-conscious society that seeks natural remedies 

for improving health and preventing diseases (FIRUZI et al., 2011).  

Plant-derived antioxidants have been shown to function as single and triple oxygen 

quenchers, free radical scavengers, peroxide decomposers, enzyme inhibitors, and synergists 

(MANDAL et al., 2009). Flavonoids, tannins, and other phenolic compounds found in plant-

based foods are also potential antioxidants (RECORD et al., 2001; AMAROWICZ and PEGG, 2019).  

Medicinal plants produce secondary metabolites for defensive purposes, many of which 

have antimicrobial properties, and are still commonly used in traditional medicine (KONGKHAM 

et al., 2020). Recognizing their potential, the World Health Organization (WHO) advocates for 

the thorough investigation of these plants to gain deeper insights into their properties, safety, 

and efficacy (NASCIMENTO et al., 2000). 

Hypericum perforatum L. is a plant with yellow flowers and is naturally found in various 

locations around the world including West Asia, Europe, and North Africa (WEBER et al., 

2008). H. perforatum is distributed in many geographical regions in Turkey such as Marmara, 

Aegean, Mediterranean, Black Sea, Eastern and Southeastern Anatolia (GÜNER and ÖZHATAY, 

2000). It grows on roadsides, forest edges, neglected uncultivated fields, meadows, and rocky 

and stony places (KAÇAR and AZKAN, 2005). Flowering time is between June and September. 

Hypericum L. belongs to the Hypericaceae family. Hypericum has 98 species and 119 taxa, 49 

of which are endemic. The flowers contain five petals with many stamens protruding (CEYLAN 

et al., 2005). The plant is the Mediterranean element (BİNGÖL et al., 2011). H. perforatum is a 

well-known medicinal plant that has been in use for many years (DI CARLO et al., 2001). H. 

perforatum is a plant known as St. John's wort. Antioxidant and antimicrobial activity, and other 

biological properties of the plant have been reported in the literature (JAKOVLJEVIĆ et al., 2000; 

DI CARLO et al., 2001; POPOVIĆ et al., 2002; LUO et al., 2004; RADULOVIĆ et al., 2007; 

SPITELLER et al., 2008). 

Extracts from H. perforatum are known to contain compounds from six major natural 

product groups: naphtodianthrones, acylphloroglucinols, flavonol glycosides, biflavones, 

proanthocyanidins, and phenylpropanes (GREESON et al., 2001; GUDZIC et al., 2001; PETRAKIS 

et al., 2005; SAROGLOU et al., 2007; SUNTAR et al., 2010). Additionally, it has been reported 

that hypericin and hyperforin compounds found in H. perforatum are promising in treating 

diseases (BREYER et al., 2007; LINDE, 2009). Flavonoids are particularly interesting due to their 

antioxidative properties, i.e. excellent radical scavenging ability (BREYER et al., 2007). 
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There are numerous studies in the literature on the biological activities of plants. The 

plants from Hypericum genus are distributed worldwide and in Turkey. H. perforatum is a 

spontaneously growing plant in almost all of Turkey (ASLAN, 2012). Although there are studies 

on Hypericum species in the literature, research in Turkey remains limited. Therefore, the aim 

is to contribute to the literature by studying Hypericum samples from the Yaraş region of Muğla 

province in Turkey. This study specifically aims to investigate the antimicrobial activities 

against foodborne pathogens and the antioxidant activity of H. perforatum in Muğla. 

 

MATERIALS AND METHODS 
 

Plant material and extraction 
 

In May 2014, H. perforatum flowers were collected from the Yaraş region of Muğla at 

an altitude of approximately 700 meters above sea level. The coordinates of the region are 

37.178211 latitude and 28.464499 longitude. The identification of this plant was carried out by 

Dr. Olcay Ceylan, and the plant specimen has been preserved in the Herbarium of the 

Department of Biology, Mugla Sitki Kocman University, with Herbarium No: MUH5692. The 

plant's identification was performed using the Flora of Turkey (DAVIS, 1988). 

The flowers of the plant underwent a thorough washing process, including two rinses in 

running water and one rinse in sterile water. Following this, the materials were air-dried. 

Subsequently, they were pulverized using a blender and prepared for the study. The resulting 

samples were stored at room temperature until the initial preparation, after which they were 

transferred to a temperature-controlled environment at 4 °C for subsequent analysis. 

To extract the plant samples, 30 grams of air-dried and powdered flowers were subjected 

to methanol (Merck) extraction using the Soxhlet apparatus (Isotex). 300 mL methanol was 

added to the Soxhlet apparatus, and the last concentration was adjusted to 100 mg/mL. Then all 

experiments were conducted over a 4-hour period. After obtaining the extracts, they were 

evaporated (Heidolph) and then transferred into sterile amber bottles with their respective 

solvents (10 mL) to prevent the extract from drying out. These bottles were stored in a 

refrigerator until used in the study.  
 

Organisms and cultivation 
 

This study focused on the investigation of foodborne pathogenic organisms, specifically 

Bacillus subtilis RSKK245, Staphylococcus aureus RSKK2392, Salmonella Typhimurium 

RSKK19, Enterococcus faecalis ATCC8093, Escherichia coli ATCC11229, Listeria 

monocytogenes ATCC7644, Yersinia enterocolitica NCTC11174, and Candida albicans 

RSKK02029. The strains used in this study were obtained from well-established institutions, 

including ATCC (American Type Culture Collection, USA), NCTC (National Type Culture 

Collection), and RSKK (Refik Saydam National Type Culture Collection, Turkey). 

To conduct the tests, bacteria were cultured in Mueller-Hinton Broth (MHB)medium 

(Merck) and incubated at 37°C for 24 hours, whereas C. albicans was cultured in Sabouraud 

Dextrose Broth (Merck) and incubated at 30°C for 48 hours. 
 

Measurement of antimicrobial activity 
 

The antimicrobial activity of flower extract was assessed using the Kirby-Bauer method 

(BAUER et al., 1966). Methanol was employed as the organic solvent in this study. The extract 

was applied in a concentration and quantity of 35 µL of 100 mg/mL.  

The bacterial and C. albicans cultures were adjusted to the 0.5 McFarland standard to 

achieve consistent turbidity. All experiments were conducted in triplicates, and the results are 

presented as the mean values. Bacterial cultures were incubated in a 37°C for 24 hours, while 

C. albicans cultures were incubated for 24 hours in a 30°C. After the incubation period, the 
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zones of inhibition around the discs were recorded. Methanol served as the negative control in 

the study, whereas the positive controls were antibiotics including tetracycline (Bioanalyse; 30 

μg), nystatin (Bioanalyse; 100 μg), and penicillin (Bioanalyse; 10 μg). 
 

Measurement of minimum inhibitory concentration (MIC) 
 

An method for evaluating antimicrobial activity involves the Minimum Inhibitory 

Concentration (MIC) test. MIC is defined as the lowest concentration of the extract that 

effectively inhibits the growth of bacteria and fungi following an incubation period. The broth 

dilution test was conducted in accordance with the procedures outlined in the Clinical and the 

Laboratory Standards Institute (CLSI) standards (CLSI, 2003; CLSI, 2006). 

A growth control tube without extract and a sterile control tube without bacterial 

inoculation were prepared for the study. All cultures were activated in Nutrient Broth (NB) (9 

mL) at 37°C for 18 hours. The turbidity of the inoculums was adjusted to the McFarland 0.5 

standard. For this test, the final concentrations of the extract used were 6500, 3250, 1625, 812.5, 

and 406.25 μg/mL. These concentrations were employed to determine the MIC values for the 

respective plant extract against the tested microorganisms.  

Active cultures (100 µL) were inoculated into tubes containing MHB (4.5 mL), and then 

0.5 mL of the extract was added. Subsequently, all tubes were incubated at 37°C for 24 hours. 

At the end of the incubation period, concentrations that inhibited the growth of microorganisms 

in the tubes were observed. The concentration at which there was a 90% or greater reduction 

compared to controls was recorded as the MIC value.  
 

Measurement of non-enzymatic antioxidant capacity 
 

The experiments utilized an improved 2,2′-azinobis-(3-ethyl benzothiazoline-6-sulfonic 

acid (ABTS) (Merck) radical decolorization assay (RE et al., 1999). Stock solutions included 7 

mM ABTS•+ and 2.45 mM potassium persulfate (Merck). The working solution was prepared 

by equally mixing these stocks and allowing them to react for 12 hours at room temperature in 

the dark. This solution was then diluted by adding 10 μL of methanol to 1 mL of the ABTS•+ 

solution. Absorbance was measured at 734 nm using a spectrophotometer (Optizen), 15 minutes 

after mixing 10 μL of methanol extract (99.9%) with the ABTS•+ solution. Trolox (Sigma-

Aldrich) served as the reference standard, and the results are expressed as mM Trolox 

equivalents (TE)/g dry weight. 
 

Essential oil isolation and analysis 
 

In this study, 40 grams of the dried plant was taken and distilled in 1000 mL of distilled 

water by boiling in water with the Clevenger Distillation System for 4 hours. The resulting 

essential oil was dissolved with hexane. The extract was also dried with MgSO4. A yield of 

0.03% (w/w) essential oil was obtained from the dried plant material on a dry basis. The 

essential oil has been supplied to the GC-MS system. The GC-MS analysis of the essential oil 

was performed using an Agilent Inert MS Detector 5975 & 6890 GCMS, equipped with a DB35 

–MS column (30 m x 0.25 mm x 0.25 μM). 

Temperature program:    

Oven temperature 60°C 10 min 

4 °C/min 220 10 min 

1 °C/min 240 0 

Gas flow: Helium 1 mL/min 

m/z : Scanned between 40-550. 

Ion source temperature: 230 oC 

Wiley and NIST libraries on the computer were used to identify the components (SCHWOB et 

al., 2002; BALEA et al., 2020).  
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Statistical analyses 
 

In this study, the means of the activities were calculated with Excel 2016. 

 

 

RESULTS 

 

In this study, the methanol extract of H. perforatum was subjected to in vitro testing 

against eight foodborne pathogenic microorganisms. The results of the antimicrobial activities 

of the plant extract are presented in Table 1. Additionally, Table 2 presents the diameters of 

inhibition zones produced by the reference antibiotics against these microorganisms.  

At the conclusion of the antibacterial activity studies, the diameter of the formed 

inhibition zones was measured in millimeters and recorded. The results revealed that the 

methanol extract of H. perforatum effectively suppressed the growth of four bacterial strains. 

The largest inhibition zone diameters were observed for Staphylococcus aureus and Listeria 

monocytogenes, measuring 16 ± 1.25 mm and 16 ± 0.47 mm, respectively. Furthermore, the 

methanol extract of this plant exhibited no discernible anticandidal effects against the employed 

yeast strain. Remarkably, the methanol extract of the flowers demonstrated significant efficacy 

against both S. aureus and L. monocytogenes, yielding the maximum zone of inhibition (16 

mm). However, the methanol extract did not produce any inhibition zones against three 

bacterial strains (as shown in Table 1).   

 
Table 1. Antimicrobial activities of H. perforatum flower extract (100 mg/mL)  

 

Organisms Inhibition zone diameters (mm) 

Bacillus subtilis RSKK245 14 ± 0.58 

Staphylococcus aureus RSKK2392 16 ± 1.25 

Salmonella Typhimurium RSKK19 10 ± 0.57 

Enterococcus faecalis ATCC8093 - 

Escherichia coli ATCC11229 - 

Listeria monocytogenes ATCC7644 16 ± 0.47 

Yersinia enterocolitica NCTC11174 - 

Candida albicans RSKK02029 - 
(-): zone did not occur 

 

Tetracycline (30μg), nystatin (100μg), and penicillin (10μg) antibiotics were employed 

as positive controls. Tetracycline exhibited a robust inhibitory effect on the growth of Yersinia 

enterocolitica (Table 2).  

Table 3 displays the Minimum Inhibitory Concentrations (MICs) of H. perforatum 

flower extract, as determined utilizing the broth dilution method. Among the tested 

microorganisms, two bacteria exhibited the lowest sensitivity to the methanol extract of H. 

perforatum, with MIC values of 1625 µg/mL, except for Salmonella Typhimurium, which had 

a MIC value of 6500 µg/mL. The MIC value of Bacillus subtilis was 3250 µg/mL.  

Table 4 displays the non-enzymatic antioxidant activity of the plant extract assessed 

using the ABTS radical scavenging method. Trolox served as the positive control, and all values 

were expressed in terms of the Trolox equivalent. The flower extract at a concentration of 100 

mg/mL exhibited 53% inhibition. At the end of the study, the Trolox Equivalent (TE) was 

determined to be 0.31 mM/g DW. 

The results of the chemical analysis of H. perforatum essential oil by using GC-MS 

methods are listed in Figure 1. Fifty-four components were identified, making 71.34% of total 

oil ingredients. The main components of H. perforatum oil were: 1-tetra decene (18.52%), 1-

dodecanal (8.23%), β-selinene (7.66%), α-selinene (5.325%), cyclododecane (4.465%), 2-
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pentadecanonane (3.46%), trans-betafarnesene (2.57%) and 2-tetra decene (2.155%). The 

results of the RT values of H. perforatum essential oil are listed in Table 5. The components 

include 1-tetradecene and 2-tetradecene belonging to the alkene group, and 1-dodecanal 

classified under the long-chain fatty acid aldehyde group. β-selinene, α-selinene, and trans-beta 

farnesene are part of the sesquiterpene group. Cyclododecane falls within the cycloalkane 

group. 2-pentadecanonane is associated with the methyl tridecyl ketone group. 
 

Table 2. Standard antibiotics susceptibility of tested microorganisms 

 

Organisms 
Standart antibiotics 

Te Ns P 

Staphylococcus aureus RSKK2392 (N) (N) (N) 

Bacillus subtilis RSKK245 (N) (N) 10 ± 0.58 

Listeria monocytogenes ATCC7644 (N) (N) 10 ± 1 

Enterococcus faecalis ATCC8093 (N) (N) (-) 

Salmonella Typhimurium RSKK19 14 ± 1 (N) (N) 

Yersinia enterocolitica NCTC11174 20 ± 0.58 (N) (N) 

Escherichia coli ATCC11229 14 ± 0.58 (N) 10 ± 1 

Candida albicans RSKK02029 (N) 7 ±1.53 (N) 
Te: Tetracycline (30μg); Ns: Nystatin (100μg); P: Penicillin (10μg); (N): not tested 

 
Table 3. Minimum inhibitory concentration values of H. perforatum flower extract  

 

Organisms MIC values (µg/mL)  

Bacillus subtilis RSKK245 3250 ± 0 

Staphylococcus aureus RSKK2392 1625 ± 0 

Salmonella Typhimurium RSKK19 6500 ± 0 

Enterococcus faecalis ATCC8093 - 

Escherichia coli ATCC11229 - 

Listeria monocytogenes ATCC7644 1625 ± 0 

Yersinia enterocolitica NCTC11174 - 

Candida albicans RSKK02029 - 

(-): no inhibition 

 
Table 4. ABTS radical scavenging capacity of H. perforatum flower extract  

 

 Methanol extract (100 mg/mL) 

% ABTS radical scavenging  53 ± 0 

Trolox equivalent (mM/g DW) 0.31 
DW: Dry weight  

 

 

DISCUSSION 

 

Medicinal plants have traditionally been employed globally in the treatment of various 

human ailments (CHITME et al., 2004). These plants have been acknowledged as abundant 

reservoirs of biologically active compounds, many of which have served as foundational 

elements for the advancement of novel pharmaceuticals (PALOMBO, 2011). In this study, H. 

perforatum flowers were selected based on their ethnomedical use. 

 

 

http://tr.wikipedia.org/wiki/Escherichia_coli
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Table 5. RT values of components of H. perforatum 

 

Component 

No.  

Essential oil 

components 

Retention 

time (RT) 

Component 

No.  

Essential oil 

components 

Retention 

time (RT) 

1 Decane-2-methyl 11,344 28 ɣ-cadinene 33,471 

2 Undecane 13,788 29 Delta-cadinene 33,529 

3 Nonanal 18,573 30 α -muurolene 34,194 

4 Dodecane-2 metil 21,476 31 Cis-calamenene 34,299 

5 Tridecane 23,102 32 Nerolidol  34,817 

6 α-longipinene 26,733 

33 1,5-epoxysalvial-

4(14) ene 36,018 

7 α-ylangene 27,444 34 Cyclododecane  36,572 

8 α-copaene 27,671 

35 Caryophylllene 

oxide  36,741 

9 β-bourbonene 28,219 

36 Cis3-hexenyl 

benzoate 36,898 

10 Hexadecane 28,417 37 Ledene  37,032 

11 β-elemene 28,592 

38 Salvial-4(14)-en-1-

one 37,201 

12 Aromadendrene 29,094 39 1-tetra decene 37,498 

13 3-dodecen-1-al 29,198 40 Cyclotetradecene 37,883 

14 β-funebrene 29,519 41 Spathulenol  38,443 

15 Germacrene-D 29,636 

42 Tricyclo undec-

9ene  38,886 

16 Trans-caryophylllene 29,752 43 Tetra decanoic acid 40,419 

17 ɣ-muurolene 30,084 44 Cyclotetradecane  41,147 

18 

Trans -beta 

farnesene 30,452 

45 

2-pentadecanonane 41,952 

19 β-himachelene 31,017 46 Alloaromadendrene 42,762 

20 α-humulene 31,204 47 2 tetra decene 43,135 

21 1-dodecanal 31,862 48 Benzybenzoate  44,207 

22 α-amorphene 31,961 49 Hexadecanoic acid  45,554 

23 α-himachelene 32,171 50 Heneicosane  46,44 

24 β-selinene 32,527 51 Neophytadiene  48,48 

25 α-selinene 32,713 52 Tricosane  51,003 

26 β-himachelene 32,836 53 Tetracosane  53,766 

27 4,7-methanoazulene 32,906 54 Heptacosane   67,615 

 

In the current study, the methanol extract of the flowers was tested against eight 

microorganisms to determine their antimicrobial activities. The results revealed that the 

methanol extract inhibited the growth of four bacteria (Table 1). The methanol extraction of the 

Holarrhena antidysenterica drug showed high activity on the pathogens above the 16 mm 

inhibition zone (AHMAD and AQIL, 2007). Researchers found a lot of compounds in H. 

perforatum. Numerous flavonoid compounds, including hyperoside, quercitrin, isoquercitrin, 

rutin, quercetin, campferol, luteolin, and myricetin are found in the aboveground portions of 

the plant, including the leaves, stalk, flowers, and buds (GREESON et al., 2001). 
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Figure 1. Chemical compounds of methanol extract of H. perforatum  

 

In this study, the methanol extract of the flowers did not inhibit the growth of two Gram-

negative bacteria, namely Escherichia coli and Yersinia enterocolitica. Previous studies have 

consistently found that Gram-positive bacteria are more susceptible to plant extracts compared 

to Gram-negative bacteria (PAREKH and CHANDA, 2006; GARCIA et al., 2008; NAZZARO et al., 

2013; DENG et al., 2020), likely due to structural differences in their cell walls. Gram-positive 

bacteria possess a single-layered cell wall, while Gram-negative bacteria have a more complex 

and multilayered cell wall structure (SILHAVY et al., 2010). 

The results of this study demonstrated that the tested plant extract exhibited high 

effectiveness against S. aureus and Listeria monocytogenes.  In a study by Oskay et al., it was 

revealed that H. perforatum L. methanol and ethanol extracts showed high sensitivity against 

methicillin-resistant S. aureus (MRSA), making it the most susceptible organism (OSKAY et al., 

2009). Similarly, the extract of H. perforatum showed an inhibitory effect of 16 mm against 

Staphylococcus aureus (KELEŞ et al., 2001). These findings align with the results obtained in 

our study. 

In this study, the methanol extract exhibited a 53% inhibition of free radicals at a 

concentration of 100 mg/mL. These results are similar to the literature (HUCK et al., 2006; 

TATSIS et al., 2007). Studies have demonstrated that H. perforatum contains compounds 

exhibiting various biological activities. Among these are flavonoids and phenolic acids, which 

contribute to its antioxidant activity. Very few studies on the antioxidant activity of H. 

perforatum have been found in the literature. One of these is the study by Okmen and Balpınar. 

In their study, Okmen and Balpinar reported that the DPPH scavenging activity of H. 

perforatum flowers exhibited 32% inhibition (OKMEN and BALPINAR, 2017). Another study 

was conducted by GÜZEL et al. (2019), where the ABTS radical scavenging activity of H. 

perforatum was reported to be approximately 20%. The studies support the results of this study. 

The components obtained from the composition study and having a high percentage 

belong to the alkene, long-chain fatty acid aldehyde, sesquiterpene, and methyl tridecyl ketone 

groups. These groups constitute 52.38% of the oil obtained in this study. Therefore, the presence 

of antimicrobial and antioxidant activity can be attributed to the high proportion of these groups 

in the plant's essential oils and their substantial effectiveness (SADDIQE et al., 2010; HODZIC et 

al., 2010; SHAFAGHAT, 2011; RAHNAVARD, 2015; MUNOZ-CAZARES et al., 2017; AYGULA and 

ŞERBETCI, 2020; SONMEZ et al., 2021; GHODRATI et al., 2021; JAKUBCZYK et al., 2021; ÇELEBİ 

et al., 2023).   
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The phytochemical composition of H. perforatum has been reported in this study. The 

main compounds from the methanol extract of H. perforatum were identified to be 1-tetra 

decene and 1-dodecanal as determined by GCMS (Figure 1). In many studies with other species 

belonging to Hypericum, different results have been reported (SHAROPOV et al., 2010; 

SHAFAGHAT, 2011; JAIMAND et al., 2012; PIRBALOUTI et al., 2014; KÜÇÜK et al., 2015; YÜCE, 

2016; SCHEPETKIN et al., 2020; GÜLER and OZDEMİR, 2023). However, this study supports the 

studies in the literature. 

In studies on the essential oils of H. perforatum in the literature, different components 

have been obtained not only from various countries but also from different regions of the same 

country. Furthermore, the percentages of these components have been found to vary. Some 

components obtained in this study overlap with those in the literature but have different values 

(HOSNİ et al., 2008; ÇIRAK et al., 2010; DEVECİ, 2014; CARRUBBA et al., 2021; GÜLER, 2022). 

Several factors influence the quantity and composition of essential oils in plants. These factors 

vary depending on which part of the plant the essential oil is derived from, the species of the 

plant, the geographical conditions of the region where the plant is located, climate, the growth 

stages of the plant, and variations in extraction methods (BAYAZ, 2014). 

 

 

CONCLUSION 

 

The methanol extract of H. perforatum demonstrated high efficacy against S.s aureus 

and L. monocytogenes, highlighting its potential as a natural antimicrobial agent. It exhibited 

maximum inhibition against foodborne pathogens. These findings support the traditional 

medicinal use of this plant and suggest that certain extracts possess promising antibacterial 

compounds, which could be explored as potential agents in the search for new drugs. H. 

perforatum flower extract showed moderate antioxidant activity in vitro, potentially offering 

beneficial antioxidant protection against oxidative damage in the human body.  Further research 

is needed to explore the bioactive compounds in this plant and investigate its antimicrobial and 

antioxidant effects. Determining the active compounds is crucial for a deeper understanding of 

H. perforatum. 

 

Acknowledgements 
 

The authors would like to express their sincere appreciation to Dr. Olcay Ceylan from 

the Department of Biology, Mugla Sitki Kocman University, Turkey, for his invaluable 

assistance in plant identification. The authors thank Guler Celik from the Scientific and 

Technological Research Council of Turkey (TUBITAK) for the determination of the chemical 

composition of Hypericum perforatum essential oil. 
 

 

References: 
 

[1] AHMAD, I., AQIL, F. (2007): In vitro efficacy of bioactive extracts of 15 medicinal plants 

against ESbL-producing multidrug-resistant enteric bacteria. Microbiological 

Research162: 264-275. doi: 10.1016/j.micres.2006.06.010  

[2] AMAROWICZ, R., PEGG, R.B. (2019): Natural Antioxidants of Plant Origin. In: Advances 

in Food and Nutrition Research. Academic Press, Cambridge, UK, pp. 1–81. 

[3] ASLAN, S. (2012): Hypericum. http://bizimbitkiler.org.tr. Accessed 26 December 2023. 



10 

 

[4] ATTA, E.M., MOHAMED, N.H., ABDELGAWAD, A.A.M. (2017): Antioxidants: An 

overview on the natural and synthetic types. European Chemical Bulletin 6 (8): 365-375. 

doı: 10.17628/ecb.2017.6.365–375 

[5] AYGULA, A., ŞERBETÇİ, T. (2020): The antibacterial and antivirulent potential of 

Hypericum lydium against Staphylococcus aureus: Inhibition of growth, biofilm 

formation, and hemolytic activity. European Journal of Integrative Medicine 35: 1-7.  

doi: 10.1016/j.eujim.2020.101061 

[6] BALEA, A., FENESAN, M., CIOTLAUS, I. (2020): Traceability of volatile organic 

compounds from Hypericum perforatum in fresh and dried form and in essential oil. 

Revista De Chimie 71: 59–65. doi: 10.37358/Rev  

[7] BANDONIENE, D., VENSKUTONIS, P.R., GRUZDIENĖ, D., MURKOVIC, M. (2002): 

Antioxidative activity of sage (Salvia officinalis L.), savory (Satureja hortensis L.) and 

borage (Borago officinalis L.) extracts in rapeseed oil. European Journal of Lipid Science 

and Technology 104: 286–292. doi: 10.1002/1438-9312(200205)104:5%3C286::AID-

EJLT286%3E3.0.CO;2-O  

[8] BAUER, A.W., KIRBY, W.M., SHERRIS, J.C., TURCK, M. (1966): Antibiotic susceptibility 

testing by a standardized single disk method. American Journal of Clinical Pathology 45: 

493.  

[9] BAYAZ, M. (2014): Esansiyel yağlar: antimikrobiyal, antioksidan ve antimutajenik 

aktiviteleri. Academic Food Journal 12 (3): 45–53. [in Turkish] 

[10] BİNGÖL, U., COŞGE, B., GÜRBÜZ, B. (2011): Hypericum species in the flora of Turkey. 

Medicinal and Aromatic Plant Science and Biotechnology 5 (1): 86–90. 

[11] BREYER, A., ELSTNERB, M., GILLESSENC, T., WEISERD, D., ELSTNER, E. (2007): 

Glutamate-induced cell death in neuronal HT22 cells is attenuated by extracts from St. 

John’s wort (Hypericum perforatum L.). Phytomedicine 14: 250. doi: 10.1016/j.phymed. 

2007.02.001  

[12] CARRUBBA, A., LAZZARA, S., GIOVINO, A., RUBERTO, G., NAPOLI, E.  (2021): Content 

variability of bioactive secondary metabolites in Hypericum perforatum L. 

Phytochemistry Letters 46: 71–78. doi: 10.1016/j.phytol.2021.09.011 

[13] CEYLAN, A., BAYRAM, E., ARABACI, O., MARQUARD, R.A., ÖZAY, N., GEREN, H. (2005): 

Ege bölgesi florası kantaron (Hypericum perforatum L.) popülasyonlarında uygun 

kemotiplerin belirlenmesi ve ıslahı. Ege Üniversitesi Ziraat Fakültesi Dergisi 42 (3): 33–

44. [in Turkish] 

[14] CHITME, H.R., CHANDRA, R., KAUSHIK, S. (2004): Studies on anti-diarrhoeal activity of 

Calotropis gigantea R. Br. in experimental animals. Journal of Pharmacy and 

Pharmaceutical Sciences 7: 70.  

[15] CLINICAL AND LABORATORY STANDARDS INSTITUTE (CLSI) (2003): Methods for dilution 

antimicrobial susceptibility test for bacteria that grow aerobically; approved Standard 

M7-A, 6th. Wayne, Philadelphia, USA. 

[16] CLINICAL AND LABORATORY STANDARDS INSTITUTE (CLSI) (2006): Performance 

standards for antimicrobial susceptibility testing; informational supplement M100-S16, 

16th. Wayne, Philadelphia, USA. 

[17] ÇELEBİ, Ö., BAŞER, S., GÜLER, M.C., ÇELEBİ, D., ÇELEBİ, S. (2023): Determination of 

antibacterial activities of St. John's Wort (Hypericum perforatum L.) oil, Nigella sativa 

oil, clove (Eugenia caryophyllata) oil, orange peel (Citrus sinensis) and garlic (Allium 

sativa) oil against microorganisms isolated from clinical samples. New Trends in 

Medicine Science 4 (1): 19–26. doi:10.56766/ntms.1177132 



11 

 

 
 

[18] ÇIRAK, C., BERTOLİ, A., PİSTELLİ, L., SEYİS, F. (2010): Essential oil composition and 

variability of Hypericum perforatum from wild populations of nothern Turkey. 

Pharmaceutical Biology 48 (8): 906–14. 

[19] DAVIS P.H. (1988): Flora of Turkey and East Aegean Islands. Edinburgh University 

Press, Edinburgh, pp. 590.  

[20] DENG, W., LİU, K., CAO, S., SUN, J., ZHONG, B., CHUN, J. (2020): Chemical composition, 

antimicrobial, antioxidant, and antiproliferative properties of grapefruit essential oil 

prepared by molecular distillation. Molecules 25: 217. doi: 10.3390/molecules25010217 

[21] DEVECİ, A. (2014): Investigation of the morphological and chemical (essential oil and 

flavonoids) variation in the Hypericum perforatum L. (St John's wort) (Hypericaceae). 

Master's Thesis, Institute of Science and Technology, Elazığ. [in Turkish] 

[22] DI CARLO, G., BORRELLI, F., ERNST, E., IZZO, A. (2001): St. John’s wort: Prozac from 

plant kingdom. Trends in Pharmacological Sciences 22: 292. doi: 10.1016/s0165-

6147(00)01716-8  

[23] FIRUZI, O., MIRI, R., TAVAKKOLI, M., SASO, L. (2011): Antioxidant therapy: current status 

and future prospects. Current Medicinal Chemistry 18: 3871–3888. doi: 10.2174/09298 

6711803414368  

[24] FLIEGER, J., FLIEGER, W., BAJ, J., MACIEJEWSKI, R. (2021): Antioxidants: classification, 

natural sources, activity/capacity measurements, and usefulness for the synthesis of 

nanoparticles. Materials 14 (4135): 1–54. doi: 10.3390/ma14154135  

[25] GARCIA, R., ALVES, E.S.S., SANTOS, M.P., AQUİJE, G.M.F.V., FERNANDES, A.A.R., DOS 

SANTOS, R.B., VENTURA, J.A., FERNANDES, P.M.B. (2008): Antimicrobial activity and 

potential use of monoterpenes as tropical fruits preservatives. Brazilian Journal of 

Microbiology 39: 163–168. doi: 10.1590/S1517-83822008000100032. 

[26] GHODRATI, L., ATAIE KACHOIE, M., MOUSAVI-FARD, S., MOATTAR, F. (2021): Study the 

antimicrobial effects of methanolic extract of Hypericum perforatum on foodborne 

bacteria. Journal of Food Microbiology 8 (4): 56–66. doi: 10.30495/jfm.2021.682561  

[27] GREESON, J.M., SANFORD, B., MONTI, D.A. (2001): St. John’s wort (Hypericum 

perforatum): a review of the current pharmacological, toxicological, and clinical 

literatüre. Psychopharmacology 153: 402–414. doi: 10.1007/s002130000625  

[28] GUDZIC, B., DORDEVIC, S., PALIC, R., STOJANOVIC, G. (2001): Essential oils of Hypericum 

olympicum L. and Hypericum perforatum L. Flavour and Fragrance Journal 16: 201–

203. 

[29] GÜLER, F.D. (2022): Obtaining essential oil of ethno veterinary medicinal plants grown 

ın thrace region by hydrodistillation and determination of its chemical composition; St. 

John's Wort (Hypericum perforatum L.) sample. Master's Thesis, Institute of Health 

Scienses, Tekirdağ. [in Turkish] 

[30] GÜLER, F.D., OZDEMİR, N. (2023): Chemical composition of essential oils of medicinal 

plants grown in the thrace region in Türkiye, Hypericum perforatum L. Pharmacognosy 

Magazine 1–6. doı: 10.1177/09731296231201210  

[31] GÜNER, A., ÖZHATAY, N. EKİM, T., BAŞER, K.H.C. (2000): Flora of Turkey and the 

East Aegean Island. Edinburgh University Press, (11): 71–72. 

[32] GÜZEL, A., AKYÜZ, M., ŞANDA, M.A. (2019): Determination of antioxidant activity of 

Hypericum perforatum. Journal of Integrative and Anatolian Medicine 1 (1): 9–18.    

[33] HODŽIĆ, S., OSMANOVIĆ, S., HUSEINOVIĆ, S., GRBIĆ, S. (2010): In vitro inhibitory effect 

of Hypericum perforatum L. ethanol extract on microbial growth. Acta Agriculturae 

Serbica 15 (29): 95–101. 



12 

 

[34] HOSNI, K., MSAADA, K., TAARIT, M.B., OUCHIKH, O., KALLEL, M., MARZOUK, B. (2008): 

Essential oil composition of Hypericum perfoliatum L. and Hypericum tomentosum L. 

growing wild in Tunisia. Industrial Crops and Products 27: 308–314. doi: 10.1016/j.ind 

crop.2007.11.004 

[35] HUCK, C.W., ABEL, G., POPP, M., BONN, G.K. (2006): Comparative analysis of 

naphthodianthrone and phloroglucine derivatives in St. John’s Wort extracts by near 

infrared spectroscopy, high-performance liquid chromatography and capillary 

electrophoresis. Analytica Chimica Acta 580: 223–230. doi: 10.1016/j.aca.2006.07.062  

[36] JAIMAND, K., REZAEE, M.B., NADERI, M., MOZAFFRIAN, V., AZADI, R., KARIMI, S., 

GHOLIPOOR, M. (2012): Chemical composition of the essential oils of six Hypericum 

species (Hypericaceae) from Iran. Journal of Medicinal Plants and By-Products 1: 7–11. 

doi: 10.22092/jmpb.2012.108434  

[37] JAKOVLJEVIĆ, V., POPOVIĆ, M., MIMICA-DUKIĆ, N., SABO, A., GVOZDENOVIĆ, L.J. 

(2000): Pharmacodynamic study of Hypericum perforatum L. Phytomedicine 7: 449.   

doi: 10.1016/s0944-7113(00)80027-6  

[38] JAKUBCZYK, A., KIERSNOWSKA, K., ÖMEROĞLU, B., GAWLIK-DZIKI, U., TUTAJ, K., 

RYBCZYNSKA-TKACZYK, K., SZYDLOWSKA-TUTAJ, M., ZLOTEK, U., AND BARANIAK, B. 

(2021): The influence of Hypericum perforatum L. addition to wheat cookies on their 

antioxidant, anti-metabolic syndrome, and antimicrobial properties. Foods 10: 1–16.    

doi: 10.3390/foods10061379 

[39] KAÇAR, O., AZKAN, N. (2005): Bursa’da doğal florada bulunan sarı kantaron (Hypericum 

perforatum L.) populasyonlarında farklı yüksekliklerin hiperisin oranı üzerine etkisinin 

belirlenmesi. Uludağ Üniversitesi Ziraat Fakültesi Dergisi 19: 77–89. [in Turkish] 

[40] KELEŞ, O., AK, S., BAKIREL, T., ALPINAR, K. (2001): Türkiye’de yetişen bazı bitkilerin 

antibakteriyel etkisinin incelenmesi. Turkish Journal of Veterinary and Animal Sciences 

25: 559–565. [in Turkish] 

[41] KONGKHAM, B., PRABAKARAN, D., PUTTASWAMY, H. (2020): Opportunities and 

challenges in managing antibiotic resistance in bacteria using plant secondary 

metabolites. Fitoterapia 147: 104762. doi: 10.1016/j.fitote.2020.104762. 

[42] KÜÇÜK S., KÜRKÇÜOĞLU M., KÖSE Y.B., BAŞER, K.H.C. (2015): Chemical 

characterisation of the essential oil of Hypericum aviculariifolium Jaub. & Spach subsp. 

depilatum (Freyn & Bornm.) Robson var. bourgaei (Boiss.) Robson from Turkey. 

Natural Volatiles and Essential Oils 2 (2): 52–56. 

[43] LINDE, K. (2009): St. John’s Wort- an overview. Karger 16: 146. doi: 10.1159/000209290  

[44] LÜ, J.M., LIN, P.H., YAO, Q., CHEN, C. (2010): Chemical and molecular mechanisms of 

antioxidants: experimental approaches and model systems. Journal of Cellular and 

Molecular Medicine 14 (4): 840–860. doi: 10.1111/j.1582-4934.2009.00897.x 

[45] LUO, L., SUN, Q., MAO, Y.Y., LU, Y.H., TAN, R.X. (2004): Inhibitory effects of flavonoids 

from Hypericum perforatum on nitric oxide synthase. Journal of Ethnopharmacology 93: 

221. doi: 10.1016/j.jep.2004.03.042  

[46] MANDAL, S., YADAV, S., YADAV, S., NEMA, R.K. (2009): Antioxidants. Journal of 

Chemical and Pharmaceutical Research 1 (1): 102–104.  

[47] MUNOZ-CAZARES, N., GARCIA-CONTRERAS, R., PEREZ-LOPEZ, M., CASTILLO-JUAREZ, I. 

(2017): Phenolic compounds with anti-virulence properties. Phenolic compounds-

biological activity, pp. 139–167, doi: 10.5772/66367  

[48] NASCIMENTO, G.G.F, LACATELLI, J., FREITAS, P.C, SILVA, G.L. (2000): Antibacterial 

activity of plant extracts and phytochemicals on antibiotic-resistant bacteria. Brazilian 

Journal of Microbiology 31: 886. doi: 10.1590/S1517-83822000000400003  



13 

 

 
 

[49] NAZZARO, F., FRATIANNI, F., DE MARTINO, L., COPPOLA, R., DE FEO, V. (2013): Effect 

of essential oils on pathogenic bacteria. Pharmaceuticals 6: 1451–1474. 

doi: 10.3390/ph6121451. 

[50] NGUYEN, G.T., GREEN, E.R., MECSAS, J. (2017): Neutrophils to the ROScue: Mechanisms 

of NADPH oxidase activation and bacterial resistance. Frontiers in Cellular and Infection 

Microbiology 7: 373. 

[51] OKMEN, G., BALPINAR, N. (2017): The biological activities of Hypericum perforatum L. 

African Journal of Traditional, Complementary and Alternative Medicines 14 (1): 213–

218. doi: 10.21010/ajtcam.v14i1.23 

[52] OSKAY, M., OSKAY, D., KALYONCU, F. (2009): Activity of some plant extracts against 

multi-drug resistant human pathogens. Iranian Journal of Pharmaceutical Research 8: 

293. doi: 10.22037/ijpr.2010.825   

[53] PALOMBO, E.A. (2011): Traditional medicinal plant extracts and natural products with 

activity against oral bacteria: potential application in the prevention and treatment of oral 

diseases. Evidence-Based Complementary and Alternative Medicine 2011 (1): 1–15. doi: 

10.1093%2Fecam%2Fnep067  

[54] PAREKH, J., CHANDA, S. (2006): In vitro antimicrobial activities of extract of Launaea 

procumbens Roxb. (Labiateae), Vitis vinifera (Vitaceae) and Cyperus rotundus 

(Cyperaceae). African Journal of Biomedical Research 9: 89–93. doi: 10.4314/ajbr.v9i2. 

48780   

[55] PETRAKIS, P.V., COULADIS, M., ROUSSIS, V. (2005): A method for detecting the 

biosystematic significance of the essential oil composition: the case of five Hellenic 

Hypericum L. species. Biochemical Systematics and Ecology 33: 873–898. 

[56] PIRBALOUTI, A.G., FATAHI-VANANI, M., CRAKER, L. SHIRMARDI, H. (2014): Chemical 

composition and bioactivity of essential oils of Hypericum helianthemoides, Hypericum 

perforatum and Hypericum scabrum. Pharmaceutical Biology 52 (2): 175–181. doi: 10.3 

109/13880209.2013.821663  

[57] POKORNY, J. (2007): Are natural antioxidants better and safer than synthetic antioxidants? 

European Journal of Lipid Science and Technology 109: 629–642. doi:  10.1002/ejlt.2007 

00064    

[58] POPOVIĆ, M., JAKOVLJEVIĆ, V., MIMICA-DUKIĆ, N., KAURINOVIĆ, B. ĆEBOVIĆ, T. (2002): 

Effects of different extracts of Hypericum perforatum L. on the CCl4-induced 

hepatotoxicity in rats. Oxidation Communication 25: 273–278.  

[59] RADULOVIĆ N., STANKOV-JOVANOVIĆ V., STOJANOVIĆ G., ŠMELCEROVIĆ A., SPITELLER 

M., ASAKAWA, Y. (2007): Screening of in vitro antimicrobial and antioxidant activity of 

nine Hypericum species from the Balkans. Food Chemistry 10: 315. doi:  10.1016/j.food 

chem.2006.05.062  

[60] RAHNAVARD, A. (2015): Cultivated Hypericum perforatum hypericin extracts’ 

antibacterial effect against susceptible and methicillin-resistant Staphylococcus aureus. 

International Journal of Molecular and Clinical Microbiology 5(2): 549-555. 

[61] RE, R., PELLEGRINI, N., PROTRGGENTE, A., PANNALA, A., YANG, M., RICE-EVANS, C. 

(1999): Antioxidant activity applying an improved ABTS radical cation decolorization 

assay. Free Radical Biology and Medicine 26: 1231. doi:  10.1016/s0891-5849(98)00315 

-3  

[62] RECORD I.R., DREOSTI, I.E., MCINERNEY, J.K. (2001): Changes in plasma antioxidant 

status following consumption of diets high or low in fruit and vegetables or following 

dietary supplementation with an antioxidant mixture. British Journal of Nutrition 85 (4): 

459–464. doi:  10.1079/bjn2000292  



14 

 

[63] SADDIQE, Z., NAEEM, I., MAIMOONA, A. (2010): A review of the antibacterial activity of 

Hypericum perforatum L. Journal of Ethnopharmacology 131: 511–521. doi: 10.1016/j. 

jep.2010.07.034 

[64] SAROGLOU, V., MARIN, P.D., RANČIĆ, A., VELJIĆ, M., SKALTSA, H. (2007): Composition 

and antimicrobial activity of the essentialoil of six Hypericum species from Serbia. 

Biochemical Systematics and Ecology 35: 146–152. 

[65] SCHEPETKIN, I.A., ÖZEK, G., ÖZEK, T., KIRPOTINA, L.N., KHLEBNIKOV, A.I., AND QUINN, 

M.T. (2020): Chemical composition and ımmunomodulatory activity of Hypericum 

perforatum essential oils. Biomolecules 10 (6): 916. doi: 10.3390/biom10060916  

[66] SCHWOB, I., BESSIÈRE, J.M., AND VIANO, J. (2002): Composition of the essential oils of 

Hypericum perforatum L. from Southeastern France. Comptes Rendus Biologies 325 (7): 

781–785. doi:  10.1016/S1631-0691(02)01489-0  

[67] SHAFAGHAT, A. (2011): Antioxidant, antimicrobial activities and fatty acid components 

of flower, leaf, stem and seed of Hypericum scabrum. Natural Product Communications 

6 (11): 1739–1742. 

[68] SHAROPOV, F.S., GULMURODOV, I.S., SETZER, W.N. (2010): Essential oil composition of 

Hypericum perforatum L. and Hypericum scabrum L. growing wild in Tajikistan. Journal 

of Chemical and Pharmaceutical Research 2 (6): 284–290. 

[69] SILHAVY, T.J., KAHNE, D., WALKER, S. (2010): The bacterial cell envelope. Cold Spring 

Harbor Perspectives in Biology 2: a000414. doi: 10.1101/cshperspect.a000414. 

[70] SINGH, U., JIALAL, I. (2006): Oxidative stress and atherosclerosis. Pathophysiology 13: 

129–142. doi: 10.1016/j.pathophys.2006.05.002  

[71] SONMEZ, T., ARDIC, B., SEVINDIK, H.G., APAY, S.E., USLU, H. (2021): Antibacterial effect 

of Hypericum perforatum and Calophyllum inophyllum against some bacteria causing 

ınfections in cesarean and episiotomy wounds. International Journal of Caring Sciences 

14 (3): 1953–1960. 

[72] SPITELLER, M., OZEN, T., ŠMELCEROVIĆ, A., ZUEHLKE, S., MIMICA-DUKIĆ, N. (2008): 

Phenolic constituents and the in vitro antioxidant activity of the flowers of Hypericum 

venustum. Fitoterapia 79: 191. doi: 10.1016/j.fitote.2007.11.012  

[73] SUNTAR, I.P., AKKOL, E.K., YILMAZER, D., BAYKAL, T., KIRMIZIBEKMEZ, H., ALPER, 

M., YEŞİLADA, E. (2010): Investigations on the in vivo wound healing potential of 

Hypericum perforatum L. Journal of Ethnopharmacology 127 (2): 468–477. doi: 10.1016 

/j.jep.2009.10.011 

[74] TATSIS E.C., BOEREN S., EXARCHOU V., VERVOORT A.N.T.J. (2007): Gerothanassis I P, 

Identification of the major constituents of Hypericum perforatum by LC/SPE/NMR and 

/ or LC/MS. Phytochemistry 68: 383–393. doi: 10.1016/j.phytochem.2006.11.026  

[75] VAJRAGUPTA, O., BOONCHOONG, P., BERLINER, L.J. (2004): Manganese complexes of 

curcumin analogues: Evaluation of hydroxyl radical scavenging ability, superoxide 

dismutase activity and stability towards hydrolysis. Free Radical Research 38: 303–314. 

doi: 10.1080/10715760310001643339  

[76] WEBER, W., VANDER, S.A., MCCARTY, R.L., WEISS, N.S., BIEDERMAN, J., MCCLEALLAN, 

J. (2008): Hypericum perforatum (St John’s wort) for attention-deficit/hyperactivity 

disorder in children and adolescents: a randomized controlled trial. Journal of the 

American Medical Association 299: 2633.  doi: 10.1001/jama.299.22.2633  

[77] YOUNG, I.S., WOODSIDE, J.V. (2001): Antioxidants in health and disease. Journal of 

Clinical Pathology 54: 176–186. doi: 10.1136/jcp.54.3.176   

[78] YÜCE, E. (2016): Analysis of the essential oils of two Hypericum species (H. lanuginosum 

var. lanuginosum Lam. and H. perforatum L.) from Turkey. Hacettepe Journal of Biology 

and Chemistry 44: 29–34. 


