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ABSTRACT: 
The present study was conducted with the aim of determining biological activities 
of the Salvia bracteata plant, activities such as its antioxidant, total phenolic, total 
flavonoid, allelopathic and antifungal effects. To this end, aboveground parts 
(flowers + shoots + leaves) of S. bracteata plants were collected in the province 
of Kırşehir, Turkey, during the flowering stage in 2018. As a result of GC-MS 
analysis, 23 constituents were identified, representing 96.21% of the essential oil. 
The major compounds of essential oil were identified as ledol (24.12%), camphor 
(15.54%) and valencene (5.64%). In ethyl acetate, methanol and hexane extracts 
of S. bracteata, total phenolic content was found to be 104.63, 121.66 and 20.97 
mg of GAE/g of extract, respectively, while flavonoid content was 12.89, 10.85 and 
1.13 mg of QE/g of extract, respectively. In addition to this, DPPH radical removal 
activity was identified and found to be at its highest in the methanol and ethyl 
acetate extracts. The TEAC (cation radical removal activity), FRAP (iron reduction 
power) and CUPRAC (copper reduction power) reduction activities of these plant 
extracts were also determined. The methanol extract of S. bracteata was found to 
have an allelopathic effect on Rumex crispus and Taraxacum officinale. This extract 
had a weak effect on development of the mycelium of Alternaria solani Sorauer, one 
of the most significant of plant-pathogenic fungi, but it was found to be ineffective 
on the Sclerotinia sclerotiorum pathogen. 
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INTRODUCTION

Diseases, pests, weeds and climatic factors may negatively 
affect the yield and quality of cultivated plants during 
their developmental phase. Weeds are an important 
factor that affects crop quality and causes economic loss 
in agricultural production. About half of all crop loss is 
caused by weeds, but the reported size of this loss varies 
between 10 to 90% (Uygur 2002; Özen et al. 2017). 
Chemical means are considered the most effective method 
of weed control and synthetic drugs are used extensively 

around the world. Heavy use of synthetic pesticides has 
given rise to problems such as loss of plant strength, 
environmental damage and toxic residues (Isman 2000). 
Intensive research is therefore being conducted to find as 
quickly as possible alternative methods that would be less 
harmful to human health and the environment. 

One of these alternative methods is to seek natural pes-
ticides by determining the activity of compounds naturally 
present in plants. Of these natural compounds, essential 
oils of herbal origin are synthesised by aromatic plants as 
specialised metabolites (Ayeb-Zakhama et al. 2017). 
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Essential oils are reported to act as natural fungicides 
(Kumar et al. 2014) and insecticides (Isman et al. 2011; 
Abbad et al. 2014), in addition to having a phytotoxic 
effect on cultivated plants and weeds (Synowiec et al. 
2017). Essential oils act just like herbicides in adversely 
affecting both the germination process and growth of 
plant seedlings (Amri et al. 2013).

Turkey is rich in its Salvia diversity and is home to 96 
species and four subspecies. Salvia species are of economic 
importance, in addition to their medicinal qualities. 
Moreover, these plants are ornamental, with beautiful 
flowers commonly grown in gardens and parks (Demirci et 
al. 2003). Salvia bracteata Banks is a perennial herbaceous 
plant that spreads to almost every region in Turkey with 
altitudes ranging from 50 to 2000 m (Anonymous 2017). 
The roots of S. bracteata contain diterpenoids (Ulubelen 
et al. 1999) and were reported to act as an antimicrobial 
(Cardile et al. 2009). 

In this study, total phenolic compounds and the 
presence of antioxidant, antifungal and allelopathic effects 
were determined in the plant S. bracteata, which has a wide 
natural distribution in the province of Kırşehir, Turkey.

MATERIAL AND METHODS

Collection and drying of plant samples. The plant material 
was collected in the Kırşehir province of Turkey (village of 
Akçakent/Hamzabey, with coordinates of 39°36'32.01'' N  
and 34°4'37.95'' E, situated at an altitude of 1263 m) in 
the year 2018. Soil samples taken from the location were 
analysed. Collected plants were dried in shade under 
room conditions in facilities of the Department of Plant 
Protection of the Faculty of Agriculture, Ahi Evran 
University, Kırşehir. Dried plant samples were ground in 
an electric grinder. 

Extraction of essential oils. Essential oils were obtained 
from the plants by hydro-distillation using a Schilcher 
apparatus. After the plant sample (100 g) was weighed, 
pure water (1:10 w/v) was added and it was boiled for 
2 hours. This process was repeated several times. The 
obtained essential oils were preserved until tests were 
conducted (Telci et al. 2006).

GC and GC–MS analysis. The GC analyses of S. bracteata 
essential oils were performed using an Agilent 7890A 
instrument (model GC). Oil was diluted in acetone (1:10) 
and injected into a separate BPX90 column (100m × 
0.25mm × 0.25µm). The carrier gas was helium at 5 psi 
inlet pressure. Injector and detector (FID) temperatures 
were 120 and 254°C, respectively. The column temperature 
was programmed from 60 to 120°C at 5°C/min with the 
initial and final temperatures held for 3 and 16 min. 
Diluted samples of 1.0 μL were injected in the split (1:5) 
mode. Total analysis time was 43 min. Quantitative data 
were obtained electronically from FID area percent data 

without the use of correction factors.
The MS results were compared with the Wiley and 

NIST computer mass libraries. The relative peak area 
percentages of compounds were calculated on the basis of 
FID data.

Preparation of plant extract. For antifungal and 
allelopathic studies, 100 g of ground plant material 
was placed in a 1-liter Erlenmeyer flask and 600 ml of 
methanol was added. This solution was extracted at room 
temperature in a shaker for 24 hours. After extraction, the 
solution was filtered through filter paper. The methanol 
in the solution was removed by evaporation at 32°C until 
solid material was obtained. The remaining solid material 
was treated with acetone-water to prepare a stock solution 
(Kadioğlu & Yanar 2004). The solution was stored at 
4oC until the test.

For antioxidant tests, 200 mg were taken from the 
ground plant sample for hexane, ethyl acetate, and 
methanol extracts. For the hexane extract, 10 ml of 
hexane/chloroform (5/1) was added to the sample; for the 
ethyl acetate extract, 10 ml of ethyl acetate/chloroform 
(5/1) was added to it; and for the methanol extract, 10 
ml methanol/chloroform (5/1) was added. Following the 
vortex, the samples were kept in an ultrasonic bath at 30oC 
for 30 minutes. The resulting extraction solutions were 
removed by a rotary evaporator and stock solutions were 
prepared at 1 mg/ml. These stock solutions were stored 
at 4°C for use in antioxidant activity tests and analyses of 
total phenolic and flavonoid content.

Producion of fungus cultures. Plant pathogenic fungi 
were obtained from stock cultures maintained by 
the Phytoclinical Laboratory of the Department of 
Plant Protection of Ahi Evran University´s Faculty of 
Agriculture. Used in these tests were young fungus cultures 
that developed for 7 days at 25±2oC in 90-mm Petri dishes 
containing 20 ml of potato dextrose agar (PDA).

In vitro antifungal activity of the plant extract. Methanol 
extract was dissolved in an acetone-water mixture to 
provide a stock solution. The final concentration of the 
original solutions was added to PDA media cooled to 45-
50oC in batches of 50, 100, 200 and 400 ppm (Onaran 
& Yilar 2012). As a control, fungi were seeded in Petri 
dishes containing only PDA. Moreover, a fungicide with 
the active ingredient thiram was used as a positive control. 
These different doses of PDA media were poured into 10-
ml Petri dishes with a diameter of 60 mm. Mycelium discs 
of 5 mm diameter from plant pathogen cultures developed 
7-10 days prior to the tests were seeded in Petri dishes 
containing extract-added PDA medium. Fungus cultures 
were incubated after inoculation for 7 days at 25±1°C. This 
study was repeated two times with four replications. The 
diameters of mycelia developed in the Petri dishes were 
measured with a digital caliper. The rate of inhibition of 
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mycelium growth by the extracts was calculated according 
to the following formula:

I=100×(dc-dt)/dc
I – rate of inhibition of mycelium growth (%)
dc - mycelium growth in the control
dt - mycelium growth in the test (Pandey et al. 1982)

Allelopathic effect study. Seeds of Rumex crispus L. and 
Taraxacum officinale F.H. Wigg (25 pieces each) were 
distributed homogeneously in 90-mm Petri dishes lined 
with two layers of blotting paper. Different concentrations 
(50, 100, 200 and 400 ppm) of plant extract and pure 
water for control purposes were moistened by adding 6 
ml to contents of the Petri dishes. The Petri dishes were 
incubated at 25±1oC under conditions of 12 hours of light 
and 12 hours of darkness for 4 weeks. At the end of this 
period, germination rates and root and shoot lengths of 
the test plants were measured. The experiment was carried 
out in three replications and repeated two times (Yilar et 
al. 2014). 

Free radical scavenging activity DPPH (1,1-diphenyl-2-
picrylhydrazyl) test. Free radical scavenging activity was 
determined using several modifications of the Liyana-
Pathirano method (Liyana-Pathirana & Shahidi 2005). 
Stock solutions of different amounts of plant extract were 
put in test tubes and topped up to their final volume by 
adding 3 ml of ethyl alcohol. A measured volume (1 ml) 
of DPPH solution (0.26 mM) was then added and mixed 
by vortex. After it was kept in the dark for 30 minutes, 
absorbance was read at 517 nm. The DPPH radical 
scavenging activity was calculated as IC50.

Cation radical scavenging activity (TEAC). This analysis 
was performed according to the method used by RE 
et al. (1999). Solutions of 2 mM ABTS (2,2’-azino-bis 
3-ethylbenzothiazoline-6-sulhonic acid) and 2.45 mM 
sodium persulphate (Na2S2O8) prepared using 0.1 M 
phosphate buffer with a pH value of 7.4 M were mixed 
at a ratio of 1:2 and kept in the dark for 6 hours. Stock 
solutions of different amounts of plant extracts were 
poured into test tubes and their volumes were topped up 
to 3 ml with a 0.1 M phosphate buffer (pH 7.4). Then 1 ml 
of ABTS solution was added, mixed by vortex and kept in 
room conditions for 30 minutes, after which absorbance 
was read at 734 nm. The ABTS cation radical scavenging 
activity was calculated as the IC50 value.

Iron reducing power activity (FRAP). The FRAP analysis 
was performed by a modified version of the Oyaizu 
method (Oyaızu 1986). A 0.25-ml volume of plant extract 
was topped up to 1.25 ml with a 0.2 M phosphate buffer 
(pH 6.6). A measured volume (1.25 ml) of potassium 
ferricyanide [K3Fe(CN)6] solution (1%) was then added. 
This mixture was kept at 50°C for 20 minutes. Once the 
mixture cooled down to room temperature, TCA (1.25 ml, 

10%) and FeCl3 (0.25 ml, 0.1%) were added and a vortex 
was applied to the mix, after which absorbance was read 
at 700 nm. The obtained results were calculated as the 
amount of trolox-equivalent matter (TE).

Copper reducing power activity (CUPRAC). An amount 
of 0.1 ml was taken from the resulting sample solutions 
and the volume was topped up to 1 ml with methanol. 
Following the addition of CuCl2 (0.01 M), neocuprin 
(7.5×10-3 M) and ammonium acetate solutions with a 
volume of 1 ml each, it was mixed by vortex. After resting 
for 30 minutes at room temperature, absorbance was 
read at 450 nm. The obtained results were calculated as 
the amount of trolox-equivalent matter (TE) (Apak et al. 
2004; Elmastas et al. 2018).

Total phenolic determination. The total phenolic 
compound content was determined using the Folin-
Ciocalteu reagent (Singleton et al. 1999). An amount of 
0.2 ml was taken from stock solutions prepared with plant 
extracts and topped up to 4.6 ml with purified water. With 
the addition of 0.3 ml of Na2CO3 solution (2%) and 0.1 
ml of Folin-Ciocalteu reagent, it was placed in a vortex. 
Thereafter, it rested in room conditions for 2 hours and 
absorbance was measured by a spectrometer at 760 nm. 
Results were calculated as the amount of gallic acid-
equivalent matter (GAE). 

Total flavonoid determination. An amount of 0.2 ml was 
taken from the resulting sample solutions and the volume 
was topped up to 4.8 ml with methanol. Then 0.1 ml of 
Al(NO3) (10%) and 0.1 ml of NH4CH3COO solutions 
(1 M) were added. After vortexing, it rested at room 
conditions for 40 minutes and absorbance was read at 415 
nm. The obtained results were calculated as the amount 
of quercetin-equivalent matter (QE) (Chang et al. 2002).

Data analysis. The significance of differences between 
treatments was determined through variance analysis 
(ANOVA), and mean values were compared using the 
Duncan test. All statistical analyses were performed with 
SPSS-15 software.

RESULTS

Total phenolic and total flavonoid content. Extracts of 
Salvia bracteata obtained using different solvents were 
investigated. Table 1 shows the total phenolic content of 
methanol, ethyl acetate and hexane extracts obtained 
from S. bracteata. Significant differences were found 
between different extracts with respect to total content 
of phenolic substances. The highest phenolic content was 
in the methanol extract (121.66 mg of GAE/g of extract), 
followed by the ethyl acetate extract (104.63 mg of GAE/g 
of extracts) and the hexane extract (20.97 mg of GAE/g of 
extract).
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Solvent  
of extracts

Total phenolic content
(mg GAE/g extracts)

Total flavonoid content
(mg QE/g extracts)

Ethyl acetate 104.63±1.02 12.89±0.90

Methanol 121.66±2.14 10.85±0.59

Hexane 20.97±0.49 1.13±0.20

Table 1. Total phenolic and total flavonoid content in Salvia bracteata.

No RRI* Compound name %

1 1394 Valencene 5.64

2 1402 Isocaryophillene 2.78

3 1417 γ-Muurolene 12.4

4 1429 camphor 15.54

5 1484 10-epi-cubebol 1.28

6 1485 Cyclohexanol 0.76

7 1521 Cunenol 0.81

8 1526 nd 1.68

9 1534 Viridiflorol 5.23

10 1475 epi-alpha-cadinol  2.38

11 1478 Caryophylleneoxide 4.79

12 1482 Ledol 24.12

13 1484 α-Cadinol 4.7

14 1506 β-Eudesmol  3.16

15 1540 Epoxy-allo-alloaromadendrene 1.2

16 1570 Tricyclo[4.4.0.0(2,7)]DEC-8-EN-4-OL 1.46

17 1602 7R,8R-8-Hydroxy-4-isopropylidene-7-
methylbicyclo[5.3.1]undec-1-ene 3.33

18 1614 Isoaromadendreneepoxide 1.12

19 1622 Cylononasiloxane, octadecametyhyl 0.48

20 1624 β-Oplopenone 1.8

21 1656 Benzene, 1-ethyl-3,5-dimethyl 0.52

22 1678 α-Guaıene 0.45

23 1689 1,2-Benzenedıcarboxylıc acid, bis2-
methylpropyl ester 0.58

Total 96.21

* RRI: relative retention indices.

Table 2. GC/MS analyses of the essential oil of Salvia bracteata. 

Significant differences were found between different 
extracts with respect to their total flavonoid content. The 
ethyl acetate extract was identified as the one with the 
highest flavonoid content (12.89 mg of QE/g of extract), 
followed by the methanol extract (10.85 mg of GAE/g 
of extract) and the hexane extract (1.13 mg of GAE/g of 
extracts).

DPPH free radical activity. As seen in Fig. 1, the DPPH 
radical scavenging activities of Salvia bracteata extracts 
were as follows: IC50, 24.71±0.13 μg/ml (methanol 
extract), IC50, 37.16±0.14 μg/ml (ethyl acetate extract) 
and IC50, 103.13±1.26 μg/ml (hexane extract). Their 
comparison with the standard antioxidants BHT(butylated 
hydroxytoluene ) (IC50,10.85±0.33 μg/ml), BHA (butylated 
hydroxyanisole) (IC50,4.73±0.13 μg/ml) and trolox (IC50, 
4.48±0.08 μg/ml) revealed high levels of DPPH radical 
scavenging activity for the methanol and ethyl acetate 
extracts (Fig. 1), whereas the hexane extract proved to 
have a weak DPPH radical scavenging activity. 

Reducing power. The reducing power of compounds is 
indicative of their antioxidant capacity. Figure 2 shows the 
iron reducing power of different extracts, with the highest 
activity, compared to the standards BHT (4.73±0.16 µmol 
of TE/mg of extracts) and BHA (5.63±0.23 µmol of TE/
mg of extract), found in the methanol extract (1.94±0.02 
µmol of TE/mg of extracts), followed by the ethyl acetate 
extract (1.68±0.002 µmol of TE/mg of extract) and the 
hexane extract (0.018±0.005 µmol of TE/mg of extract). It 
was found that the methanol and ethyl acetate extracts of 
S. bracteata had a notable iron reducing power.

CUBRAC. Figure 3 shows results of determining the 
copper reducing power of extracts. The tested extracts 
had fairly high copper reducing activity compared to the 
standard antioxidant substances BHT (5.68±0.15 µmol of 
TE/mg of extract) and BHA (11.18±0.35 µmol of TE/mg 
of extract), with the highest activity found in the methanol 
extract (4.00±0.05 µmol of TE/mg of extract), followed 
by the ethyl acetate extract (2.99±0.01 µmol of TE/mg of 
extract) and the hexane extract (1.34±0.02 µmol of TE/mg 
of extract).

ABTS cation radical scavenging activity. Figure 4 shows 
the results of determining the levels of ABTS cation 
radical scavenging activity. Cation radical scavenging 
activities of the tested extracts in descending order were 
as follows: IC50, 11.20±0.20 μg/ml (methanol extract); 
IC50, 14.54±0.10 μg/ml (ethyl acetate extract); and IC50, 
112.57±0.12 μg/ml (hexane extract). Comparisons with 
BHT (IC50, 4.71±0. 03 μg/ml), BHA (IC50, 3.86±0.03 μg/
ml) and trolox (IC50, 6,92±0.07 μg/ml) reveal a notable 
ABTS cation radical scavenging activity for the methanol 
and ethyl acetate extracts.
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Properties of soil at the collection site. Soil samples 
obtained from the location where S. bracteata plants were 
collected had the following values: water saturation 58.3%, 
pH 8.09, total salinity 0.008, lime ratio 14.074%, organic 
matter 3.501%, K2O (kg/da-1) 98.766 and P2O5 (kg/da-1) 
3.914. 

GC and GC–MS analysis. According to GC/MS analyses, 
96.26% of the essential oil of S. bracteata was obtained and 
23 components were identified. Ledol (24.12%), camphor 
(15.54%) and valencene (5.64%) were identified as the 
main components (Table 2). 

Fig. 1. Salvia bracteata extracts - DPPH free radical activity.

Fig. 2. Salvia bracteata extracts- reducing power activity.

Fig. 3. Salvia bracteata extracts – C copper reducing power activity.

Fig. 4. ABTS cation radical scavenging activity.

Doses
Rumex crispus Taraxacum officinale

%
Germination Root Length Shoot Length %

Germination Root Length Shoot Length

Control 100.0±0.0a* 1.67±0.07a 2.07±0.10a 94.66±3.52a 1.08±0.10a 1.03±0.11a

50 ppm 100.0±0.0a 1.56±0.05a 1.46±0.02b 74.66±2.66b 0.57±0.04b 0.83±0.12ab

100 ppm 100.0±0.0a 1.20±0.05b 1.07±0.02c 69.33±2.58b 0.42±0.14bc 0.72±0.04ab

200 ppm 98.66±1.33a 0.63±0.05c 0.99±0.09c 28.00±5.04c 0.32±0.06bc 0.62±0.14b

400 ppm 86.66±2.33a 0.32±0.02d 0.63±0.03d 25.33±3.52c 0.15±0.04c 0.56±0.06b

*Means in the same column with the same letter were not significantly different as indicated by ANOVA (a = 0.05).

Table 3. Effects (%) of Salvia bracteata methanol extract on seed germination and seedling growth.

Doses (ppm) A. solani S. sclerotiorum

Control+ 100±0.00a* 100±0.00a

Control- 0.00±0.00c 0.00±0.00b

50 0.00±0.00c 0.00±0.00b

100 0.00±0.00c 0.00±0.00b

200 0.00±0.00c 0.00±0.00b

400 26.11±3.01b 0.00±0.00b

*Means in the same column with the same letter were not 
significantly different as indicated by ANOVA (a = 0.05).

Table 4. Antifungal effects (%) of Salvia bracteata methanol extract.
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Allelopathic effect. The methanol extract showed an 
allelopathic effect on test plants, although at different 
levels. With an increase of dose, there was an increase of 
negative effects. Table 3 shows the allelopathic effect of the 
plant extract on test plants.

The methanol extract of S. bracteata did not have a 
statistically significant effect (p<0.005) on germination 
of R. crispus seeds compared to the control group. It 
reduced the rate of germination by 13.34%. However, R. 
crispus prevented root and shoot growth of the seedlings 
at a statistically significant level (p<0.005) compared to the 
control group. 

Taraxacum officinale was found to be more sensitive 
to the methanol extract of S. bracteata. As compared to 
the control group, seed germination in T. officinale was 
affected to an extent of 69.33% by S. bracteata extract, root 
growth to an extent of 86.11% and shoot growth to an 
extent of 45.63% (Table 3). 

Antifungal activity. The study did not show 100% 
inhibition of mycelium development by the plant 
pathogens used. The methanol extract of the plant showed 
the highest effect on A. solani with a value of 26.11% as 
compared to the negative control. On the other hand, it 
was determined that the doses used had no effect on the 
other pathogen, Sclerotinia sclerotiorum (Lib.) de Bary 
(Table 4).

DISCUSSION 

Phenols are very important plant components with 
their activities of free radical scavenging thanks to their 
hydroxyl groups (Hatano et al. 1989). The phenolic 
content of plants can therefore directly contribute to 
their antioxidant activities. The main phenolic substances 
identified in sage extracts are rosmarinic acid, carnosic 
acid, salvianolic acid and derivatives, carnosol, rosmanol, 
epirosmanol, rosmadial and methyl carnosate (Wu et al. 
1982; Madsen & Bertelsen 1995; Lu & Foo 2001). The 
DPPH scavenging capacity of plant extracts is mostly 
associated with phenolic hydroxyl groups. However, the 
properties of these assumed antioxidants are linked to a 
variety of mechanisms, including inhibition of initiation 
of the radical chain, binding of catalysts for transition 
of metal ions, separation of peroxides, inhibition of 
continuous hydrogen abstraction and radical cleaning 
(Diplock 1997).

The DPPH radical scavenging activities of the ethyl 
acetate and dichloromethane extracts of S. bracteata 
were demonstrated in previous studies. The ethyl acetate 
extract was reported to display a DPPH radical activity of 
13.95±0.32 at 250 µg ml−1, 16.29±0.22 at 500 µg ml−1 and 
21.04±0.32 at 1000 µg ml−1, whereas the same values for 
the dichloromethane extract were reported as 3.99±0.32 
at 250 µg ml−1, 3.92±0.47 at 500 µg ml−1 and 4.79±0.01 at 
1000 µg ml−1 (Orhan et al. 2013). In the same study, the 

authors determined total phenolic and flavonoid content 
of the acetate, methanol and dichloromethane extracts 
of S. bracteata. They did not determine total phenolic 
content of the ethyl acetate and dichloromethane extracts 
of S. bracteata, but the total phenolic content of its ethanol 
extract was found to be 63.25±9.85. In the same study, 
Orhan et al. (2013) reported that total flavonoid content 
for the dichloromethane, ethyl acetate and ethanol extracts 
was 81.4±7.99, 134.99±3.01 and 101.57±6.02, respectively. 
Thus, both the current study and previously published data 
confirm that S. bracteata has notable antioxidant activity 
thanks to the phenols it contains. 

Similar studies have reported chemical composition 
of the essential oil of S. bracteata. In a study from Iran, 
46 components were identified in the essential oil of 
this species, including β-caryopyllene (10.7-41.6%), 
y-muurolene (27.1-36.3%), bicyclogermacrene (1.8-9.9%), 
caryophylleneoxide (1.5-9.6%) and α-humulene (1.1-
9.4%) (Sefidkon et al. 2007). In a study performed with 
different parts of S. bracteata, a total of 41 components 
were detected in the plant´s essential oils obtained before 
flowering. The main components of this oil were identified 
as α-pinene (29.60%), myrcene (9.70%), limonene (7.10%), 
β-pinene (6.50%) and germacrene-D (5.96%). In the 
flowering phase, 50 components were identified, including 
α-pinene (28.90%), myrcene (7.65%), limonene (7.17%) 
and β-pinene (7.90%). After flowering, 39 components 
were identified in the oil obtained from plants, with 
α-pinene (19.40%), myrecene (9.45%), limonene (13.93%) 
and bornyl acetate (5.44%) as the main ones (Amiri 2007). 

As seen in previous investigations and the present 
study, there are differences between the percentages of 
main components in the essential oil of S. bracteata. These 
differences are a result of different ecological conditions, 
properties of soil (pH, organic matter, salinity, etc.) at 
the locations where the plants grow, characteristics of the 
plants (flowering time, harvesting time, post-harvest and 
drying conditions) and extraction conditions (Senatore 
et al. 1997; Sefidkon & Mirza 1999; Alizadeh 2013; 
Moadeli et al. 2013; Rapposelli et al. 2015).

As the dose of S. bracteata methanol extract increased, 
so did its negative effects on test plants (Aydin & Tursun 
2010). Very few studies have been conducted on the 
plant S. bracteata, and the existing ones are all on its 
antimicrobial activity. The antimicrobial activity of S. 
bracteata was reported by Cardile et al. (2009). There 
are studies on the allelopathic effects of members of the 
genus Salvia. According to the findings of these studies, 
aboveground exudants of the species Salvia namaensis 
Schinz, S. fallax Fernald, S. disermas L., S. chamaedryoides 
Cav., S. confertiflora Pohl., S. × jamensis J. Compton, 
S. bunchananii Hedge, S. wargneriana Polak, S. scabra 
Linn. fil., S. miniata Fernald, S. cacaliaefolia Benth., S. 
adenophora Fernald and S. rutilans Carriere have varying 
phytotoxic effects on Papaver rhoeas L. (poppy) and Avena 
sativa L. (oats) (Bisio et al. 2010); the essential oil of S. 
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officinalis inhibits germination and root development 
in Lepidium sativum L. (cress) (Bouajaj et al. 2013); S. 
miniata stops the germination of Papaver rhoeas L. and 
Avena sativa in Petri applications (Bisio et al. 2011); the 
essential oil of S. leucophylla is effective on the germination 
of Brassica campestris (Nishida et al. 2005); Hordeum 
vulgare (barley) and Portulaca oleracea (purslane) 
show reduced germination in the aqueous extract of S. 
officinalis (Bajalan et al. 2013); and the aqueous extract 
of S. macrosiphon affects the germination and seedling 
development of Zea mays L. (corn) (Rowshan & Karimi 
2013). Furthermore, Hassannejad & Ghafarbi (2013) 
showed that a 5% dose of the aqueous extract of S. 
officinalis reduced the germination of Cuscuta campestris 
Yunck by 25%. 

Salvia bracteata had antimicrobial activity against 
the pathogens S. aureus, E. coli, M. smegmatis and C. 
albicans; and the MIC values against these pathogens were 
determined as 1.1, 0.5, 1.1 and 1.1 mg/ml, respectively 
(Kiliç et al. 2005). Cardile et al. (2009) reported that 
the essential oil of S. bracteata had an antimicrobial effect 
on human-pathogenic Gram-positive and Gram-negative 
bacteria. It was also shown by various researchers that 
many plant species of the genus Salvia exhibited biological 
activity (Bayar & Genç 2018; Yilar et al. 2018). 

Results of the present study show that S. bracteata 
extracts possess promising antioxidant properties in 
vitro. Salvia bracteata was shown to be rich in important 
phenolics with a potential to directly affect the presence 
of antioxidants. We suggest that the methanol extract of 
S. bracteata may represent an alternative to synthetic 
chemicals in the control of weeds and plant-pathogenic 
fungi. It is considered to have a significant potential, 
especially for cultivated plants widely grown in organic 
farming, which is of increasing importance in Turkey, as 
well as on a global scale.
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Ovo istraživanje je sprovedeno s ciljem utvrđivanja bioloških aktivnosti vrste Salvia bracteata, kao što su njeni antioksidansni, ukupni 
fenolni, ukupni flavonoidni, alelopatski i antigljivični efekti. U tu svrhu, nadzemni delovi (cvetovi + izdanci + listovi) biljaka S. bracteata 
sakupljeni su u provinciji Kirsehir, Turska, u fazi cvetanja, tokom vegetacijske sezone 2018. Prema rezultatima analize GC-MS identifikovano 
je 23 sastojka, koji predstavljaju 96.21% esencijalnog ulja. Otkrivena su glavna jedinjenja esencijalnog ulja, kao što su ledol (24.12%), kamfor 
(15.54%) i valenin (5.64%). Ekstrakti etil acetata, metanola i heksana dobijeni su iz biljaka i određeni su njihov ukupni fenolni (104.63, 
121.66 i 20.97 mg GAE/g ekstrakta), kao i sadržaj flavonoida (12.89, 10.85 i 1.13 mg QE/g ekstrakta). Zatim je identifikovana aktivnost 
uklanjanja radikala DPPH, koja je najveća u ekstraktima metanola i etil acetata. Takođe, kod ovih biljnih ekstrakata su utvrđene aktivnosti 
TEAC (radikalsko uklanjanje katjona), aktivnosti FRAP (redukcija gvožđa) i aktivnosti smanjenja bakra. Utvrđeno je da metanolni ekstrakt 
S. bracteata ima alelopatski učinak na biljke Rumex crispus i Taraxacum officinale. Iako je metanolni ekstrakt biljaka imao malo uticaja na 
razvoj micelija Alternaria solani, jedne od značajnih patogenih gljivica kod biljaka, pokazalo se da nije delotvoran na patogen Sclerotinia 
sclerotiorum.

Ključne reči: Salvia bracteata, antioksidativno delovanje, ukupno fenolno-flavonoidno delovanje, antifungalno i alelopatsko delovanje

Hemijski sastav esencijalnog ulja Salvia bracteata i biološka aktivnost njenih 
ekstrakata: antioksidansni, ukupni fenolni, ukupni flavonoidni, antifungalni i 
alelopatski efekti
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