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A B S T R A C T 
Propolis samples obtained from various altitudes in different districts of Hatay province 

in Türkiye were investigated for their essential oil volatile components and antibacterial 

activity against some pathogens (E. coli, S. entritidis and S. aureus). Vancomycin, 
penicillin, and rifampicin were used to compare antimicrobial activity. The antibacterial 

activity of propolis essential oils was evaluated according to CLSI and EUCAST criteria. 

Eight volatile components were identified in the samples: cembrene, benzaldehyde, 

junipene, δ-cadinene, decanal, docosan, caryophyllene oxide, and β-caryophyllene as the 
main components. Among all volatile components, cembrene was found to be in high 

proportions, reaching 47.4% from Hassa district. Propolis essential oil extracts obtained 

from five different regions were evaluated for antibacterial activity against E. coli, S. 
enteritidis and S. aureus according to CLSI 2015 and EUCAST 2015 criteria and 

classified as resistant (R). 

I NT RO DUCTI O N  

As one of the most beneficial honey bee (Apis mellifera L.) products, propolis has a very long history since ancient times. 

According to old Greek sources, propolis has been used for curing of the wounds and bruises as a natural antibiotics 

(Ghisalberti, 1979; Crane, 1999; Zulhendri et al., 2021). It has been also used for mummification and traditional medicinal 

products in the ancient Egypt and as a medicine to treat pathogen-caused diseases by South Americans, Romans, Persians, 

and Chinese (Wagh, 2013; Šturm and Ulrih, 2019; Zulhendri et al., 2021; Ribeiro et al., 2022). It is produced from resinous 

substances collected from sprouts, buds and wound secretions of plants by worker bees. The chemical composition and color 

of propolis varies according to the type and variety of the raw materials it is collected from. It is a semi-solid substance with 

different colors ranging from dirty yellowish to dark brownish. Propolis is mostly collected from beech, elm and conifer 

trees (Bonvehi et al., 1995; Wagh, 2013; Paula et al., 2021; Ribeiro et al., 2022). 

Especially with the effect of the Covid 19 pandemic, propolis, which is seen as a natural health supplement, has many 

beneficial biological activity properties such as antiulcer, antitumor, anti-inflammatory, local anesthetic and immune 

stimulant, together with its antibacterial, antifungal and antiviral properties (Kumova et al., 2002; Šturm and Ulrih, 2019; 

Paula et al., 2021; Zulhendri et al., 2021; Ribeiro et al., 2022). Although the composition of crude propolis varies according 

to its source, it generally consists of 50% resin, 30% wax, 10% essential and aromatic oils, 5% pollen and 5% other organic 

materials (Silici, 2003; Wagh, 2013; Šturm and Ulrih, 2019). Thus, today, in order to benefit from the bioactive properties 

of propolis, it is used in many fields such as cosmetics industry, pharmaceutical industry, medicine, alternative medicine, 

furniture, chemical industry, food industry and food additives (Lotfy, 2006; Mohammadzadeh et al., 2007). Due to having 

antiseptic and antimicrobial properties, essential and aromatic oils have a wide range of uses (Ucan, 2008; Šturm and Ulrih, 

2019). Essential oils are important antimicrobial agents due to their potential to be an alternative to chemical preservatives 

and antibiotics, especially as a preservative against food pathogens (Evren & Tekgüler, 2011). When looking at the chemical 

composition and components of propolis in general; polyphenols; benzoic acids, cinnamic alcohol and acid, sesquiterpene 

and triterpene hydrocarbons, benzaldehyde derivatives, alcohols, ketones and heteroaromatic compounds, terpene and 
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sesquiterpene alcohols and their derivatives, aliphatic hydrocarbons, minerals, sterols and steroid hydrocarbons, sugars and 

amino acids have been identified (Walker and Crane, 1987; Wagh, 2013; Galeotti et al., 2018; Paula et al., 2021; Ribeiro et 

al., 2022).  

This study had the main purpose; firstly, it was aimed to determine the essential oil components of the propolis samples 

obtained from different districts (Belen, Yayladagi, Samandag, Payas and Hassa districts) in Hatay province of Türkiye. 

Secondly, the antibacterial effects of essential oils obtained from propolis samples on pathogenic bacteria (Escherichia coli, 

Salmonella enteritidis and Staphylococcus aureus) were investigated. Thus, it is aimed to determine the changes in the 

quality and biological activities of the propolises.  

M AT ERI ALS AND M ET HO DS  

Materials 

Propolis samples were collected from different altitudes of Hatay province (Table 1.) of Türkiye in the autumn (September, 

October and November) of 2016. Approximately 500 grams propolis was collected from each location. The GPS coordinates 

and altitudes of the collection places of the propolis samples are given in the Table 1.  

Propolis samples were obtained by scraping the propolis accumulated in the hive inner walls and laths without any propolis 

collection trapping in the honeybee hives. Each of the propolis samples were placed in plastic refrigerator bags in accordance 

with the sampling methods, labeled and brought to the laboratory within 4 hours. Propolis samples were stored in the 

refrigerator (4±2°C) until the analysis. 

The pathogenic bacteria used in the study examining the antimicrobial activities of propolis essential oils were: Escherichia 

coli ATCC 25922 (obtained from The Microbiology Laboratory of Hatay Mustafa Kemal University Health Practice and 

Research Hospital, Turkey), Salmonella enteritidis ATCC 13076 (obtained from Nanolab, Istanbul, Turkey) and 

Staphylococcus aureus ATCC 29213 (obtained from the Department of Food / Food Hygiene and Technology Laboratory 

of the Faculty of Veterinary Medicine of the Van Yüzüncü Yıl University, Turkey). Rifampin 5 µg (Bioanalyse® Lot: 

170628E), Penicillin G 10 U (Bioanalyse® Lot: 170531B), Vancomycin 30 µg (Bioanalyse® Lot: 170502B) in vitro 

susceptibility antibiotic discs used in pathogenic bacter. 

Table 1. The GPS coordinates of the collection places of the propolis samples. 

District Coordinate Altitude (m) 

Belen 36˚ 23̍ 31.54̎ N / 36˚10̍ 00.39 E 350 

Yayladagi 35˚ 52̍ 22.89̎ N / 36˚07̍ 53.33̎ E 600 

Samandag 36˚ 12̍ 58.23̎ N / 35˚57̍ 12.67̎ E 420 

Payas 36˚ 43̍ 41.97̎ N / 36˚15̍ 17.43̎ E 650 

Hassa 36˚ 44̍ 00.67̎ N / 36˚28̍ 41.65̎ E 418 

Propolis Essential Oil Extraction 

Propolis essential oil extraction was carried out by steam distillation method (Lemos et al., 2008; Bankova et al., 2019) in a 

Clevenger apparatus. Propolis samples were cooled down to -18°C and frozen before extraction, and then they were broken 

into small pieces by beating with the help of a wooden mallet and a knife. Foreign bodies (insects, wood chips, etc.) that are 

visible in the fragmented samples were manually removed from the samples. The propolis samples of the 5 collected regions 

were weighed 100 g separately and taken into a 2000 ml balloon and 1000 ml of distilled water was added to them. The 

samples were subjected to steam distillation in the Clevenger apparatus for 6 hours. The accumulated propolis essential oils 

were transferred to transparent tubes with the help of the seperation valve. Then the small amount of essential oils clinging 

to the inner walls during the transfer of the extract were transferred with the help of 1.5 mL Diethyl ether (Merck, Darmstadt, 

Germany) added to the storage unit. Anhydrous Na2SO4 (Merck, Darmstadt, Germany) was used to dry the small amount of 

water collected with the extracts in the tubes. Finally, the essential oils obtained as a result of distillation were preserved in 

dark vials at -4°C until their components were determined. 

Gas Chromatography/Mass Spectrometry (GC/MS) Analysis of Propolis Essential Oils 

Volatile compounds of propolis essential oils were determined by using a Thermo Scientific ISQ Single Quadrupole model 

gas chromatography device using TGWax MS model, (5% Phenyl Polysilphenylene-siloxane, 0.25 mm inner diameter * 30 

m long, 0.25 μm film thickness) column (Bahadırlı et al., 2016; Bankova et al., 2019). The ionization energy was set to 70 

eV and the mass range m/z 1.2-1200 amu. Scan mode was used for data collection. MS transfer line temperature was 250°C, 

MS ionization temperature was 220°C, column temperature was 50°C at the beginning and increased to 220°C with a 

temperature increase rate of 3°C/min. The structure of each compound was defined with the Xcalibur program using mass 

spectra (WILEY 9, WILEY 7, Main Library). 

Antibacterial Activity of Propolis Samples 

Antibacterial analyzes of propolis essential oils were carried out by agar disc diffusion method (Aksan Aldanmaz & 

Mouhammad, 2017). Mueller-Hinton Agar (LABM, LAB039) was sterilized in an autoclave at 121°C for 15 minutes by 
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completely dissolving 38.0 g of dehydrated medium in 1 L of distilled water. After cooling to approximately 47°C, it was 

transferred to sterile petri dishes as 15 ml. Contamination control was carried out at 37°C for 24 hours. 

The 6 mm diameter discs cut from Whatman® No:1 blotting paper were sterilized at 121°C for 15 minutes and then slowly 

impregnated with 30µl of oil extracts. A standard density of 0.5 McFarland (Grant-bio DEN-1B McFarland Densitometer) 

was prepared from the fresh colony. Immediately after setting the ideal turbidity, a sterile cotton-tipped swab was dipped 

into the suspension and the swab was rotated on the inner wall of the tube to remove excess liquid. The inoculum was spread 

over the surface of the plate by rubbing it all over. Antibiotic standard discs (vankomisin (30 μg/disc), penisilin G(10 U/disc) 

and rifampisin (5 μg/disc)) and 6 mm diameter cut discs were incubated for 18 hours at 37°C as soon as they were 

impregnated with diethyl ether until saturation. At the end of the incubation, the zone diameters were measured and compared 

according to the CLSI 2015 standards, and antibiotic resistance was determined (CLSI, 2015). Analyzes were carried out 

twice. Districts were coded and written on Petri dishes as 1 to 5 for Belen, Yayladagi, Samandag, Payas and Hassa, 

respectively. 

Statistical Analysis 

The data obtained were evaluated according to the analysis of variance (One-Way ANOVA) using the SPSS 10 package 

program (SPSS, 2012). Significant values were subjected to DUNCAN Multiple Comparison Test and the results were 

interpreted (p<0.01). 

RESULT S AND DI SCUSSI O N  

Gas Chromatography/Mass Spectrometry (GC/MS) Analysis of Propolis Essential Oils 

Propolis, which is stated to have more than 180 different components that vary from season to season and from region to 

region, is collected both in the temperate zone and in the tropics, and it is stated that more than 300 different components 

have been identified so far (Anjum et al., 2019). However, a total of 88 components were defined from 5 different districts’ 

propolis essential oils (Table 2). When looking at the components in general, it is seen that terpene group components (54) 

were determined the most, followed by fatty acids (9), alcohols (7), alkanes (7), aldehydes (6) and ketone (1), respectively. 

(GC/MS analysis chromatograms of propolis essential oil extracts are given in the supplementary material). When the 

districts are examined separately; while components with more than 2% in the extract of Belen district sample were β-

caryophyllene (13.75%), α-pinene (12.83%), δ-cadinene (9.12%), cembrene (9.10%), γ-cadinene (5.34%), Junipene 

(4.22%), cedrol (4.17%), decenal (2.56%), terpinen-4-ol (4.49%), ledene (2.27%), α-muurolene (2.2%), manool (2.10%); 

Components determined over 2% in the extract of Yayladagi district sample were cembrene (22.52%), 2-methyl-3-buten-2-

ol (18.24%), 2-buten-1-ol, 3-methyl- (7.92%), cedrol (5.25%), benzaldehyde (3.61%) , terpinen-4-ol (3.36%), sklareol 

(2.53%), trans- caryophyllene (2.81%). Components determined over 2% in the extract of Samandag district sample were 

cembrene (12.87%), benzaldehyde (11.31%), β-caryophyllene (6.48%), cinnamaldehyde (6.24%), caryophyllene oxide 

(5.12%), 3-buten-2-ol, 2-methyl- (3.9%), pentatriacontan (3.68%), δ-cadinene (3.09%), decenal (2.82%), 2,5-

octadecadiynoic acid, methyl ester (2.80%), trans-caryophyllene (2.64%), acetophenone (2.35%), doconexent ( 2.34%, 

pentacosan (2.09%), phenylglyoxal (2.04%). Components determined over 2% in the extract of Payas district sample were 

3-buten-2-ol,2-methyl- (11.63%), cembrene (9.93%), hentriacontan (5.40%), caryophyllene oxide (4.85%), benzyl benzoate 

(3.87%), 2-buten-1-ol ,3-methyl- (3.70%), cedrol (3.49%), pentatriacontan (3.20), docosane (3.14%), 13-epimanool 

(2.93%), carvacrol (2.35%), benzyl cinnamate (2.25%), guaiol (2.23%), δ-cadinene (2.21%), β-eudesmol (2.03%). 

Components determined over 2% in in the extract of Hassa district sample were cembrene (47.04%), β-caryophyllene 

(11.04%), benzyl cinnamate (9.30%), caryophyllene oxide (4.31%), β-elemene (2.87%), farnesyl acetone (% 2.47), δ-

cadinene (2.35%).  

Table 2. Amount (%) and classification of propolis extracts essential oil compositions by districts. 

Components BELEN Y.DAGI S.DAG PAYAS HASSA 

Terpenes % % % % % 

Cembrene 9,10 22,52 12,78 9,93 47,04 

Junipene 4,22 0,72 0,84 1,66 0,23 

δ-cadinene 9,12 1,51 3,09 2,21 2,35 

Caryophyllene oxide 1,93 0,74 5,12 4,85 4,31 

Verbenol 1,37 1,24 0,74 0,97 - 

Farnesyl acetone 0,45 1,96 0,21 - 2,47 

Ledene 2,27 0,38 - 0,68 0,25 

Nerolidol 0,46 0,77 - 0,82 0,50 

τ-Muurolol - 0,57 1,12 1,77 0,32 

α-pinene - 1,75 0,84 1,63 0,55 

Bornyl acetate 0,67 0,70 - - 0,33 

Terpinen-4-ol 2,49 3,36 - 1,30 - 

Mirtenol 0,48 0,58 - 1,03 - 
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Components BELEN Y.DAGI S.DAG PAYAS HASSA 

Sclareole 0,52 2,53 - 0,77 - 

α-Humulene 1,41 - 0,72 - 0,81 

Guaiol - 0,94 0,53 2,23 - 

β-pinene 1,70 - - - 0,23 

Linalool - 0,97 - 1,28 - 

calamanene - 0,44 - - 0,24 

3-Carene 0,76 - - - - 

β-Bourbonene 0,91 - - - - 

Neroli 0,48 - - - - 

Spathulenol 0,45 - - - - 

Abietatriene 0,48 - - - - 

Manool 2,10 - - - - 

Components BELEN Y.DAGI S.DAG PAYAS HASSA 

Terpenes % % % % % 

α-Cubebene 1,13 - - - 0,46 

α-Terpinyl acetate 1,25 1,02 - - - 

Alloaromadendrene - 0,36 - - 0,31 

Trans-caryophyllene - 2,18 2,64 - - 

13-Epimanool - - - 2,93 - 

Elemol - 1,37 - - - 

Pinocarveol - 0,90 - - - 

Sabinyl acetate - - - 1,56 - 

Carvacrol - - - 2,35 - 

linalyl acetate - - - - 0,25 

Valensen - - - - 0,80 

α-copaene 1,17 - 1,90 0,66 1,09 

β-caryophyllene 13,75 - 6,48 1,76 11,40 

α-Pinene 12,83 0,97 - - 0,83 

α-Muurolene 2,20 0,58 - - 0,39 

Cedrol 4,17 5,25 - 3,49 - 

Geranyl acetone - 0,65 0,66 - 0,57 

Alloaromadendren oxide - - 0,53 0,76 0,55 

l-Limonene 0,50 - - - 0,22 

trans-Pinocarveol 0,97 - - - - 

humuladienone - - 1,60 - - 

β-elemene - - - 0,70 2,87 

Germakrene D 0,78 - - - - 

γ-cadiene 5,34 - - - - 

Aromadendrenepoxide - - 0,94 1,00 - 

The main components determined in all samples examined were cembrene, benzaldehyde, Junipene, δ-cadinene, decanal, 

docosane, caryophyllene oxide, nonanal, 11-decyl-, verbenol, α-terpineol, β-caryophyllene, pentacosan, farnesyl acetone, 

ledene, nerolidol, α-copaene and τ-muurolol. Of those components, cembrene, benzaldehyde, Junipene, δ-cadinene, decanal, 

docosane, caryophyllene oxide and β-caryophyllene were major compounds. The average and standard deviation (AV±SD) 

values of major compounds of propolis samples by districts are given as stain Table 3. Ribeiro et al. (2022) reported 140 

volatile components in Brazilian Brown propolis. Of those components, α-copaene, δ-cadinene, benzaldehyde, 

caryophyllene, α-pinene, nerolidol and nonanal were defined as major compounds similar to our study.  

It was determined that the differences between the districts in terms of cembrene values were statistically significant 

(p<0.01). As can be seen from Table 3, the Cembrene value was determined at most in Hassa district with a rate of 47% and 

in Belen with a minimum rate of 9.1%. Sembren was found to be high in all regions. Mostly; Sembren-type diterpenoids, 

which can be obtained from many terrestrial and marine organisms such as propolis, tree resins, soft sea creatures, are 

structurally diverse essential oils. Cembrene and its derivatives exhibit a wide range of biological activities, with biomedical, 

antitumor, antimicrobial, anti-inflammatory, antiparasitic, and more often cytotoxic properties (Tursch, 1976; Al-Lihaibi et 

al., 2014). Sahinler & Kaftanoglu (2005), in their study examining Hatay, Adana and Mersin propolis; While they found 

Cembrene 13.34% in Mersin, they could not determine the Cembrene component in Hatay and Adana. Aslan et al. (2007), 
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by extracting the Hatay propolis sample with 70% ethanol, and examining the chemical composition of the extracts by 

GC/MS, they could not determine Cembrene. The differences between the districts in terms of benzaldehyde values were 

also statistically determined significant (p<0.01). As can be seen from Table 3, Benzaldehyde value was determined at most 

in Samandag district with 11.3% and at least in Hassa district with 0.37%. The benzaldehyde values were found to be close 

to each other in Belen and Payas districts. Moreover, there is no significant regional difference between them, and it has 

different values from each other in the other districts examined. Duran et al. (2011) studied the components of Hatay and 

Bursa propolis samples, and they could not detect Benzaldehyde in the Bursa sample extract. They found 0.07% 

Benzaldehyde in the extract of Hatay sample. Bankova et al. (1999) examined the components of essential oil extracts of 

propolis samples from three different Brazilian regions and found Benzaldehyde at a rate of 0.2 to 0.7%.  

Junipene values were statistically significant (p<0.01) between the districts. As can be seen from Table 3, the Junipene value 

was determined at most in Belen with 4.22% and in Hassa with at least 0.23%. While there was no significant difference of 

Junipene determined in the Yayladagi and Samandag district samples, in the other districts, they had significance different 

in terms of values. Sahinler and Kaftanoglu (2005), examining the Hatay, Adana and Mersin propolises, could not determine 

Junipene in Hatay and Adana samples, but determined it as 0.65% in Mersin sample. 

As can be seen from Table 3, the δ-cadinene value was determined at most in Belen with 9.15% and in Yayladagi with at 

least 1.5%. δ-cadinene was found to be close to each other in the samples of Payas and Hassa districts, and there was no 

significant regional difference between them, while it was found to have different values from each other in the samples 

from other districts. Bankova et al. (1995) detected δ-cadinene in the range of 3.3-0.7% in the volatile components they 

examined in the propolis extract from 4 different regions of South America. Bankova et al. (1998), examining the seasonal 

changes of essential oils in Brazilian propolis, determined that the amount of δ-cadinene varies in the range of 0.2-4.9% 

according to the seasons and bee species. Bankova et al. (1999) reported that by examining the essential oils of three different 

Brazilian region propolis samples, they determined 2% of δ-cadinene in only one region. 

It was determined that the differences between districts in terms of decanal values were statistically significant (p<0.01). As 

can be seen from Table 3, Decanal was detected at most in Samandag with 2.8% and at least in Hassa with 0.25%. In Belen, 

Samandag and Payas districts, no significant difference was detected, but the other samples were significantly different. 

Sahinler & Kaftanoglu (2005), examining the Hatay, Adana and Mersin propolises, determined 1.05% decanal in Hatay and 

0.26% in Adana, which is similar to our study. In another study, Aslan et al. (2007) detected 1.05% Decanal in the propolis 

sample they examined in Hatay. As a matter of fact, the reported Decanal values were higher than the Hassa and Yayladagi 

sample values we examined (0.25±0.02%, 0.93±0.06%), while it was lower than the other district samples we examined 

(2.55±0.15%, 2.8±0.1%, 2.7±0.02%).  

According to different districts, docosane values were statistically significant (p<0.01). As can be seen from Table 3, 

Docosane was detected at most in Payas district with 3.1% and at least in Belen district with 0.5%. Samandag and Hassa 

district samples were close to each other without any significant difference.  However, the different amounts were determined 

in other districts with significant differences. Silici &Kutluca (2005) determined the chemical contents of propolis samples 

collected from similar hives of three different Apis Mellifera honeybee breeds and reported that Docosane was determined 

as 1.32% in Apis mellifera anatolica extract and 1.21% in Apis mellifera carnica extract. While the Docosane values of this 

study are similar to the sample values of Hassa and Samandag districts (1.2±0.03%, 1.40±0%) in our study, they are lower 

than the sample values of Payas (3.1±0.13%) and higher than the sample values of Belen and Yayladagi districts (0.45d±0%, 

0.75c±0.03). Caryophyllene oxide values were determined statistically significant (p<0.01) in various districts. As can be 

seen from Table 3, caryophyllene oxide was detected at most in Samandag district with 5.15% and at least in Yayladagi 

district with 0.75%. Li et al. (2011) found 1.29% caryophyllene oxide in Brazilian green propolis. When this value is 

compared to the values in our study, it is higher than the sample value of Yayladagi district (0.75±0.01%), while it is lower 

than all other values (1.9±0.01%, 5.15±0.03%, 4.85±0.15%, 4.3±0.01). Lemos et al. (2008), when they examined Brazilian 

green propolis, they found 1% caryophyllene oxide. This value is higher than the sample value of Yayladagi district 

(0.75±0.01%) in our study, but lower than the sample values of all other districts (1.9±0.01%, 5.15±0.03%, 4.85±0.15%, 

4.3±0.01). Şahinler and Kaftanoğlu (2005), examining the propolis of Hatay, Adana and Mersin, determined that it was 

2.49% in Mersin sample and 2.51% in Adana sample. The values they determined were higher than the district sample values 

of Belen and Yayladagi (1.9±0.01%, 0.75±0.01%) in our study, and lower than the other district sample values (5.15±0.03%, 

4.85±0.15%, 4.3±0.01%). 

Table 3. The average and standard deviation (AV± SD) values of major compounds of propolis samples by districts 

District  Compound AV± SD (%) 

Belen Cembrene 9.1d±0.1 

Belen Benzaldehyde  1.1c±0 

Belen Junipene  4.22a±0.1 

Belen δ-cadinene 9.15a±0.1  

Belen Decanal  2.55a±0.15 

Belen Docosane  0.45d±0 

Belen Caryophyllene oxide 1.9d±0.01 
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District  Compound AV± SD (%) 

Belen β-caryophyllene 13.75a±0.05 

Yayladagı Cembrene 22.5b±0.1 

Yayladagı Benzaldehyde  3.6b±0.04 

Yayladagı Junipene  0.7c±0.01 

Yayladagı δ-cadinene 1.50d±0.01 

Yayladagı Decanal  0.93b±0.06 

Yayladagı Docosane  0.75c±0.03 

Yayladagı Caryophyllene oxide 0.75e±0.01 

Yayladagı β-caryophyllene - 

Samandag Cembrene 12.85c±0.1 

Samandag Benzaldehyde  11.3a±0.1 

Samandag Junipene  0.85c±0.02 

Samandag δ-cadinene 3.1b±0.05 

Samandag Decanal  2.8a±0.1 

Samandag Docosane  1.40b±0 

Samandag Caryophyllene oxide 5.15a±0.03 

Samandag β-caryophyllene 6.5c±0.05 

Payas Cembrene 9.9d±0.03 

Payas Benzaldehyde  1.22c±0.03 

Payas Junipene  1.65b±0.04 

Payas δ-cadinene 2.2c±0.01 

Payas Decanal  2.7a±0.02 

Payas Docosane  3.1a±0.13 

Payas Caryophyllene oxide 4.85b±0.15 

Payas β-caryophyllene 1.75d±0.05 

Hassa Cembrene 47.0a±0.55 

Hassa Benzaldehyde  0.37d±0 

Hassa Junipene  0.23d±0 

Hassa δ-cadinene 2.35c±0.05 

Hassa Decanal  0.25c±0.02 

Hassa Docosane  1.2b±0.03 

Hassa Caryophyllene oxide 4.3c±0.01 

Hassa β-caryophyllene 11.0b±0.08 

The difference between the values shown with different lowercase letters in the same column (between districts) is 

statistically significant (p<0.01). As can be seen in Table 3, the differences between the districts in terms of β-caryophyllene 

values were statistically significant (p<0.01). While the β-Caryophyllene value was determined at the highest in Belen 

district with 13.75% and at least in Payas district with 1.75%, it was not determined in the sample of Yayladagi district 

(Table 3). Lemos et al. (2008) detected 13.3% β-Karyophyllene in Brazilian green propolis. While this value is similar to 

the Belen district sample (13.75±0.05%), it is higher than the other values (6.5±0.05%, 1.75±0.05%, 11.0±0.08%). Oliveira 

et al. (2010) examined the essential oil content of propolis sample collected in autumn in Brazil and determined the amount 

of β-Caryophyllene as 12.69%. Which is lower than the Belen district value (13.75±0.05%) and higher than the other values 

(6.5±0.05%, 1.75±0.05%, 11.0±0.08%). 

Other compounds, which were also determined in lesser amounts in our study are nonanal, 11-decyl-docosane, verbenol, α-

terpineol, pentacosan, farnesyl acetone, ledene, nerolidol, α-copaene, τ-muurolol, and the value differences of these 

components between districts are important except for farnesyl acetone (Table 4). As can be seen from Table 4, α-terpineol 

and τ-muurolol in Belen sample extract, α-terpineol in Yayladagi sample extract, 11-decyl-docosane and verbenol in 

Samandag sample extract, 11-decyl-docosane and nonanal in Hassa sample extract verbenol and pentacosane could not be 

detected.  

Oliveira et al. (2010), while α-terpineol was found to be 1.49% in the Brazilian propolis sample, which was lower than the 

Yayladagi and Payas values (1.24±0%, 1.63±0.02%), while it was higher than the Samandag and Hassa values (0.84±0.01%, 

0.55±0%). While Sahinler and Kaftanoglu (2005) determined 0.47% nanonal in Mersin sample which was similar to 
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Yayladagi sample (0.4±0%) and lower than Belen, Samandag and Payas districts’ samples (0.94±0.25%, 0.95±0.01%, 

0.7±0.01%). They could not detect nanonal in the extracts of Hatay and Adana samples. Lemos et al. (2008) detected 4.0% 

α-copaene. It was found to be higher than the values determined in our study (1.15±0.06%, 1.9±0.01%, 0.66±0.02%, 

1.1±0.01%). Bankova et al. (1999) determined that τ-Muurolol were as 0.4% and 3.5%, which was simlar to those found in 

our study (0.3±0.02 to 1.75±0.03%). Moreover, they found verbenol as as 3.1% and 1.4% which was found to be higher than 

the values (1.35±0.02%, 1.24±0%, 0.74±0.01%, 1.63±0.02%) of all district samples examined. Naik et al. (2013) detected 

1.08% Pentacosan in Indian propolis, which is lower than Samandag and Payas district values (2.09±0.01%, 1.71±0.01%), 

but higher than other district values (0.95±0.02%, 0.43±0.01%).  

Table 4. The average and standard deviation (AV± SD) values of other compounds of propolis samples by districts 

District  Compounds AV± SD (%) 

Belen Nonanal 0.94a±0.25 

Belen 11-decyl-docosane 0.6b±0 

Belen Verbenol 1.35b±0.02 

Belen α-terpineol - 

Belen Pentacosan 0.95c±0.02 

Belen Farnesil acetone 0.45a±0.01 

Belen Ledene 2.27a±0.02 

Belen Nerolidol 0.46c±0 

Belen α-Copaene 1.15b±0.06 

Belen τ-Muurolol - 

Yayladagi Nonanal 0.4c±0 

Yayladagi 11-decyl-docosane 0.5c±0 

Yayladagi Verbenol 1.24c±0 

Yayladagi α-terpineol 1.75a±0.02 

Yayladagi Pentacosan 0.43d±0.01 

Yayladagi Farnesil acetone 1.95a±0.03 

Yayladagi Ledene 0.38c±0 

Yayladagi Nerolidol 0.77b±0.01 

Yayladagi α-Copaene - 

Yayladagi τ-Muurolol 0.55c±0.02 

Samandag Nonanal 0.95a±0.01 

Samandag 11-decyl-docosane 1.0a±0.03 

Samandag Verbenol 0.74d±0.01 

Samandag α-terpineol 0.84c±0.01 

Samandag Pentacosan 2.09a±0.01 

Samandag Farnesil acetone 1.21a±0.03 

Samandag Ledene - 

Samandag Nerolidol - 

Samandag α-Copaene 1.9a±0.01 

 τ-Muurolol 1.12b±0.1 

Payas Nonanal 0.7b±0.01 

Payas 11-decyl-docosane - 

Payas Verbenol 1.63a±0.02 

Payas α-terpineol 1.63b±0.02 

Payas Pentacosan 1.71b±0.01 

Payas Farnesil acetone - 

Payas Ledene 0.68b±0 

Payas Nerolidol 0.8a±0.02 

Payas α-Copaene 0.66c±0.02 

Payas τ-Muurolol 1.75a±0.03 
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District  Compounds AV± SD (%) 

Hassa Nonanal - 

Hassa 11-decyl-docosane 0.5c±0.01 

Hassa Verbenol - 

Hassa α-terpineol 0.55d±0 

Hassa Pentacosan - 

Hassa Farnesil acetone 1.49a±1.01 

Hassa Ledene 0.25d±0 

Hassa Nerolidol 0.5c±0 

Hassa α-Copaene 1.1b±0.01 

Hassa τ-Muurolol 0.3d±0.02 

The difference between the values shown with different lowercase letters in the same column (between districts) for each 

component is statistically significant (p<0.01). 

Antibacterial Activity of Propolis Samples 

Table 5 presents the antibacterial activity of propolis essential oil extracts obtained from five different regions, evaluated in 

comparison to antibiotics. None of the essential oil extracts from propolis collected in these regions exhibited inhibition 

zones against E. coli or S. enteritidis. However, the current study found that only samples from the Yayladagı, Payas, and 

Hassa regions produced very small inhibition zones against S. aureus, while extracts from the other regions were ineffective. 

This was considered insufficient to provide a significant benefit for antimicrobial activity (Figure 1). The study found no 

difference in the antimicrobial activity of propolis essential oil extracts against E. coli and S. enteritidis across the regions 

examined.   in contrast, a slight variation in antimicrobial activity against S. aureus was observed among the regions. These 

results were further analyzed according to both CLSI 2015 and EUCAST 2015 guidelines, with all pathogenic bacteria 

classified as resistant (R) to the propolis essential oil extracts from all five regions.  

Literature reviews indicate that propolis exhibits low or no antibacterial activity, particularly against Gram-negative bacteria. 

The multilayered structure of the Gram-negative bacterial cell wall, their high lipid content, and the production of hydrolytic 

enzymes that degrade the active compounds contribute to their resistance to propolis extracts (Devequi-Nunes et al., 2018). 
In general, propolis demonstrates stronger antibacterial activity against Gram-positive bacteria than against Gram-negative 

bacteria. 

In line with our research findings, the study by Digrak et al. (1995) did not detect any zones of inhibition (DIZ) against E. 

coli. However, while our study observed very low levels of antimicrobial activity against S. aureus in samples from only 

three regions, Digrak et al. (1995) reported sensitivity, identifying inhibition zones ranging from 7 to 20 mm. The minimal 

inhibition against S. aureus observed exclusively in samples collected from the Yayladagı, Payas, and Hassa regions in our 

study may be attributed to the low quantity and composition of propolis essential oil or the extraction method employed. 

Antimicrobial activity may exhibit a linear relationship with increasing amounts of propolis essential oil. 

In addition, the components and antibacterial effects of propolis require consideration of many factors. These vary depending 

on the region where the propolis is obtained, as well as the climate, season, environmental conditions, altitude, vegetation, 

and honey bee breed. It has been noted that propolis samples collected in humid tropical climates or during the rainy season 

(January–May) exhibit higher antimicrobial activity (Popova et al., 2017). 

Bankova et al. (1995) determined that the volatile components of South American propolis were not resistant to propolis 

extracts by forming the DIZ of 11 to 13 mm on S. aureus 209. Tosi et al. (1996) reported that propolis extracts prepared with 

different solvents formed a DIZ of 15 to 30 mm against S. aureus, and a DIZ of 6 to 15 mm against E. coli. The pathogenic 

bacteria examined were reported as non-resistive to the propolis extracts in that study. Bankova et al. (1999) stated that the 

essential oils of propolis samples from three different Brazilian regions formed a DIZ of 8 to 10 mm against S. aureus and 

did not form any DIZ against E. coli which is similar to our E. coli test results. Kujumgiev et al. (1999) examined the 

antibacterial effects of the ethanolic extracts of propolis samples obtained from different geographical regions and found 

that the DIZ against S. aureus 209 differed according to the regions and for only one region, it was 4 mm (similar to 

Yayladagı, Payas and Hassa samples). For the remaining samples, they reported that the DIZ were ranging from at least 

11.2± 0.3 mm to at most 23± 1.3 mm. In line with our study results, Buriol et al. (2009) reported that propolis extracts 

prepared with edible oil and ethanol were active against S. aureus. The diameter of the inhibition zone (DIZ) for the edible 

oil extract was measured at 8.05 ± 0.57 mm, but it did not produce any inhibition zone against E. coli or Salmonella 

typhimurium. 
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Figure 1. Zone formation of propolis oil extracts on E. coli ATCC 25922 (A1), S. enteritidis ATCC 13076 (A2) and S. 

aureus ATCC 29213 (A3). Zone formation of antibiotic disc on E. coli ATCC 25922 (B), S. enteritidis ATCC 13076 (C) 

and S. aureus ATCC 29213 (D). 

Oliveira et al. (2010) reported that propolis samples obtained from the city of Rio de Janeiro, Brazil, in July, extracted the 

essential oils by hydrodistillation and showed antibacterial effects against S. aureus (14 mm zone diameter), and E. coli (17 

mm zone diameter). Moreover, while pathogenic bacteria did not show any resistance to the examined propolis extracts, 

they were found to be resistant to the examined propolis essential oil extracts.  

Table 5. Antibacterial activity of propolis samples and antibiotics 

 S. aureus ATCC 29213 E. coli ATCC 25922 S. enteritidis ATCC 13076 

Propolis Samples    

Belen (30 μL/disc) No zone No zone No zone 

Yayladagi (30 μL/disc) Very low zone (<7mm) No zone No zone 

Samandag (30 μL/disc) No zone No zone No zone 

Payas (30 μL/disc) Very low zone (<7mm) No zone No zone 

Hassa (30 μL/disc) Very low zone (<7mm) No zone No zone 

Antibiotics(Zone diameters (mm))    

Vancomycin (30 μg/disc) Zone (14.0±2.0) No zone No zone 

Penicillin G (10 U/disc) Zone (19.5±1.5) Zone (11.0±2.0) Zone (19.0±1.0) 

Rifampicin(5 μg/disc) Zone (23.5±6.5) Zone (11.0±0.0) Zone (7.5±0.5) 

Diethyl ether (E) (30 µL/disc) No zone No zone No zone 

Graikou et al. (2016) have reported that the DIZ of 32 Mediterranean propolis extracts selected from Greece, Greek Islands, 

Cyprus, Croatia and Algeria ranged from 11 to 23 mm for S. aureus, whereas for E. coli the diameters ranged from 10 to 19 

mm. Similarly, pathogenic bacteria did not show any resistance to the investigated propolis extracts. Popova et al. (2017), 

have reported the antibacterial activity of two different propolis extracts as 13 -18 mm for S. aureus, 8-14 mm for E. coli 

and 9-19 mm for some other bacteria in terms of zone diameters.  

CO NCLUSI O N  

In this study, propolis essential oil components obtained by steam distillation from propolis samples obtained from Belen, 

Yayladagi, Samandag, Payas and Hassa districts of Hatay province were analyzed by GC/MS and their amounts were 

determined. While there were 88 components detected in total; cembrene, benzaldehyde, Junipene, δ-cadinene, decanal, 

docosane, caryophyllene oxide, and β-caryophyllene were determined as major components. Among all components, the 

amount of cembrene was determined as 47.4% in Hassa district. The antibacterial effects of extracted propolis essential oils 

on pathogenic bacteria S. aureus, E. coli and S. entritidis were analyzed by disk diffusion method and evaluated according 

to the criteria specified in CLSI.  

No inhibition zone diameter (DIZ) was observed against E. coli or S. enteritidis in propolis essential oil extracts obtained 

from all regions. However, samples from the Yayladağı, Payas, and Hassa regions exhibited very small inhibition zones (<7 

mm) against S. aureus, while no DIZ was detected in samples from other regions. According to CLSI and EUCAST criteria, 

E. coli, S. enteritidis and S. aureus were classified as resistant (R) to propolis oil extracts. The composition and antibacterial 

effects of propolis can be influenced by numerous factors. The results of our study will serve as a reference for comparing 

the composition of propolis extracts collected from different regions and the antimicrobial activity of various extraction 

techniques. Propolis bioactive compounds may contribute to research on their applications as natural preservatives in active 

food packaging within the food industry. 



Yilmaz et al. Int. J. Agric. Environ. Food Sci. 2026; 10(3): 780–790 

 789 

DECLARAT I O NS  

Conflict of interest 
The authors declare no conflicts of interest. 
Ethics approval and consent 
Ethics committee approval was not required for this study. 
Author contributions 
Nadir Yılmaz: writing-original draft and formal analysis, Dilşat Bozdoğan Konuşkan: Conceptualization, methodology, 

writing-review and editing, Emine Aksan: microbiological analysis and review, Musa Türkmen: formal analysis, Rabia 

Mehtap Tuncay: microbiological analysis and review, Nazım Şekeroğlu: writing-review and editing. All authors reviewed 

and approved the final version of the manuscript. 
Use of generative artificial intelligence 
No generative artificial intelligence tools were used in the preparation of this manuscript. 
Thesis declaration 
This manuscript is derived from the Master’s thesis of Nadir Yılmaz, conducted at Hatay Mustafa Kemal University, Science 

Institute, Food Engineering Department. 

REFERENC ES  

Aksan, Aldanmaz, E., & Mouhammad, F. (2017). Investigation of yeast microflora in various traditional foods and Investigation  
of Some Technological Properties of These Yeast, II. International Conference; The West of The East, The East of The West, 

Prizren Uksin Hoti University, 4–6 July, Prague, Czechia. 
Al-Lihaibi, SS., Alarif WM., Lateef, AA., Ayyad, SN., Abdel-Naim, AB., El-Senduny, FE., & Badria FA. (2014). Three New 

Cembranoid-type Diterpenes from Red Sea Soft Coral Sarcophyton glaucum: Isolation and Antiproliferative Activity Against 
HepG2 cells, Eur. J. Med. Chem. 81, 314–322. https://doi.org/10.1016/j.ejmech.2014.05.016  

Anjum, S. I., Ullah, A., Khan, K. A., Attaullah, M., Khan, H., Ali ,H., & Dash CK. (2019). Composition and functional properties 

of propolis (bee glue): A review. Saudi J. Bio. Sci., 26(7), 1695–1703. https://doi.org/10.1016/j.sjbs.2018.08.013  
Bahadırlı, N. P., Türkmen, M., & Mert, A., (2016). Determination of fresh herb and seed essential oil rate and component of 

coriander (Coriandrum sativum L.). Biyoloji Bilimleri Araştırma Dergisi. 9(2):20–22. 

https://bibad.gen.tr/index.php/bibad/article/view/284 
Bankova ,V., Bertelli, D., Borba, R., José Conti, B., da Silva Cunha, I.B., Danert C, Eberlin, M.N., Falcão S.I., Isla. M.I.,  Nieva 

Moreno, M.I., Papotti, G., Popova, M., Santiago, K.B., Salas, A, Helena Frankland Sawaya, A.C., Schwab, N.V., Sforcin, J.M., 

Simone-Finstrom, M., Spivak, M., Trusheva, B., Vilas-Boas M,, Wilson, M., & Zampini, C. (2019). Standard methods for Apis 
mellifera propolis research. J. Apic. Res. 58(2),1–49. https://doi.org/10.1080/00218839.2016.1222661  

Bankova, V., Boudourova-Krasteva G, Popov, S., Sforcin, J. M., & Cunha Funari, S. R. (1998). Seasonal variations in essential oil 

from Brazilian propolis. J. Essent. Oil Res., 10, 6,693–696 https://doi.org/10.1080/10412905.1998.9701012  
Bankova, V., Christov, R., Kjumgiev, A., Marcucci, M.V, & Popov, S. (1995). Chemical Composition and Antibacterial Activty 

of Brazillian Propolis. Z. Naturforsch, 50, 167–171. https://doi.org/10.1515/znc-1995-3-402  
Bankova, V., Christov, R., Popov, S., Marcucci, M. C., Tsvetkova, I., & Kujumgiev, A. (1999). Antibacterial activity of essential 

oils from Brazilian Propolis. Fitoterapia, 70, 190–193. https://doi.org/10.1590/1678-4324-2020190408  
Buriol, L., Finger, D., Schmidt, E. M., Santos, J. M. T., Rosa MR, Quináia, S., Torres, Y. R., Santa, HSD, Pessoa, C, Moraes M. 

O., Costa-Lotufo, L. V., Ferreira, PMP, Sawaya, ACHF, & Eberlin, M. N. (2009). Composição Química e Atividade Biológica 

de um Extrato Oleoso de Propolis: uma Alternativa ao Extrato Etanólico. Quim Nova. 32, 296–302. 
https://doi.org/10.1590/S0100-40422009000200006  

De L Paula, L.A,. Candido, A. C., Santos, M. F., Caffrey, C. R., Bastos, J. K., Ambrosio, S. R., & Magalhaes LG. (2021). 

Antiparasitic properties of propolis extracts and their compounds. Chem Biodivers. 18(9), e2100310. 

https://doi.org/10.1002/cbdv.202100310  
Devequi-Nunes D., Machado, B. A. S., Barreto, G. D. A., Rebouças Silva, J., da Silva, D. F., da Rocha, J. L. C., & Umsza-Guez 

MA. (2018). Chemical characterization and biological activity of six different extracts of propolis through conventional 

methods and supercritical extraction. PLoS One, 13(12), e0207676. https://doi.org/10.1371/journal.pone.0207676  
Dığrak, M., Yılmaz, Ö., Çelik, S., & Yıldız, S. (1995). Propolisteki yağ asitleri ve antimikrobiyal etkisi üzerinde in vitro 

araştırmalar. Gıda, 20(4), 249–255. https://dergipark.org.tr/tr/download/article-file/79507  
Duran, N., Muz, M., Culha, G., Duran, G., & Ozer, B. (2011). GC/MS Analysis and antileishmanial activities of two Turkish 

propolis types, Parasitology Research, 108, 95–105. https://doi.org/10.1007/s00436-010-2039-z  
Evren, M., & Tekgüler, B. (2011). Antimicrobial properties of essential oils. Electronic Microbiology Journal. TR. 9(3), 28–40. 

www.mikrobiyoloji.org/pdf/702110304.pdf 
Galeotti, F., Maccari, F., Fachini, A., &Volpi, N. (2018). Chemical composition and antioxidant activity of propolis prepared in 

different forms and in different solvents useful for finished products. Foods. 7(3), 41. https://doi.org/10.3390/foods7030041  
Ghisalberti, E. L., (1979). Propolis: A review. Bee World, 60, 59–84. 
Graikou, K., Popova, M., Gortzi, O., Bankova, V., & Chinou I. (2016). Characterization and Biological Evaluation of Selected 

Mediterranean Propolis Samples. Is it a new Type?, LWT - Food Sci. Tech. 65, 261–267.  

https://doi.org/10.1016/j.lwt.2015.08.025  
Kujumgiev, A., Tsvetkovs, I., Serkedjieva, Yu., Bankova, V., Christov, R., & Popov, S. (1999). Antibacterial, antifungal and 

antiviral activity of propolis of different geographıc orgin. J Ethnopharmacol, 64, 235–240. https://doi.org/10.1016/S0378-

8741(98)00131-7  
Kumova, U., Korkmaz, A., Avcı, B. C., & Ceyran, G. (2002). An important bee products: propolis. Uludag Bee Journal. 2(2),10–

24. https://dergipark.org.tr/tr/download/article-file/143575  

https://doi.org/10.1016/j.ejmech.2014.05.016
https://doi.org/10.1016/j.sjbs.2018.08.013
https://bibad.gen.tr/index.php/bibad/article/view/284
https://doi.org/10.1080/00218839.2016.1222661
https://doi.org/10.1080/10412905.1998.9701012
https://doi.org/10.1515/znc-1995-3-402
https://doi.org/10.1590/1678-4324-2020190408
https://doi.org/10.1590/S0100-40422009000200006
https://doi.org/10.1002/cbdv.202100310
https://doi.org/10.1371/journal.pone.0207676
https://dergipark.org.tr/tr/download/article-file/79507
https://doi.org/10.1007/s00436-010-2039-z
https://www.mikrobiyoloji.org/pdf/702110304.pdf
https://doi.org/10.3390/foods7030041
https://doi.org/10.1016/j.lwt.2015.08.025
https://doi.org/10.1016/S0378-8741(98)00131-7
https://doi.org/10.1016/S0378-8741(98)00131-7
https://dergipark.org.tr/tr/download/article-file/143575


Yilmaz et al. Int. J. Agric. Environ. Food Sci. 2026; 10(3): 780–790 

 790 

Lemos, T. L. G., De Albuquerque, I. L., Alves, L. A., Dorneles, C. A., & De Morais, M. O. (2008). Constituents of the essential 

Oil of Brazilian green propolis from Brazil. J. Essent. Oil Res. 20(5), 414–415. 
https://doi.org/10.1080/10412905.2008.9700044   

Li, Y. J., Xuan, H. Z., Shou, Q. Y., Zhan, Z. G., Lu, X., & Hu, FL. (2011). Therapeutic effects of propolis essential oil on anxiety 

of restraint-stressed mice. Hum Exp Toxicol. 31(2),157–165. https://doi.org/10.1177/0960327111412805  
Lotfy, M. (2006). Biological activity of bee propolis in health and disease. Asian Pac J Cancer Prev, 7, 22–31. 

http://journal.waocp.org/article_24421_e27f12cfb64e899d4a0ee2f315f985bf.pdf  
Mohammadzadeh, S., Shariatpanahi ,M., Hamedi, M., Ahmadkhaniha, R., Samadi, N., & Ostad, S. N. (2007). Chemical 

Composition, Oral Toxicity and Antimicrobial Activity of Iranian Propolis. Food Chem. 103(4):1097–1103. 

https://doi.org/10.1016/j.foodchem.2006.10.006  
Naik, D. G., Valdya, H. S., & Namjoshi, T. P. (2013). Essential oil of indian propolis: chemical composition and repellency against 

the Honeybee Apis florea. Chem Biodivers. 10, 649–657. https://doi.org/10.1002/cbdv.201200165  
Oliveira, A. P., França, H. S., Kuster, R. M., Teixeira, L. A., & Rocha, L. M. (2010). Chemical composition and antibacterial  

activity of brazilian propolis essential oil. J Venom Anim Toxins incl Trop. 16(1), 121–130.  https://doi.org/10.1590/S1678-

91992010005000007 
Popova, M., Giannopoulou, E., Skalicka-Woźniak, K., Graikou, K., Widelski, J., Bankova, V., & Chinou I. (2017). 

Characterization and biological evaluation of propolis from Poland. Molecules, 22(7), 1159. 

https://doi.org/10.3390/molecules22071159  
Ribeiro, V. P., Ccana‐Ccapatinta, G. V., Aldana‐Mejía, J. A., Berretta, A. A., Moraes, L. A., & Bastos JK. (2022). Chemical 

characterization of Brazilian propolis using automated direct thermal desorption–gas chromatography–mass spectrometry. J 

Sci Food Agric. 102(10), 4345–4354, https://doi.org/10.1002/jsfa.11788  
Sahinler, N., & Kaftanoglu, O. (2005). Natural product propolis: chemical composition. Nat Prod Res. 19(2), 183–188. 

https://doi.org/10.1080/14786410410001704877  
Silici S. (2003). A research on some antimicrobial and pharmacological properties of Propolis, Cukurova Univerity, Science 

Institute, Zootechni Department, Adana. MsC Thesis. 
Silici, S., & Kutluca, S. (2005). Chemical Composition and Antibacterial Activity of Propolis Collected by Three Different Races 

of Honeybees in the Same Region. J Ethnopharmacol. 99, 69–73. https://doi.org/10.1016/j.jep.2005.01.046  
SPSS. (2012). IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 10.0. Armonk, NY: IBM Corp. 
Šturm, L, & Ulrih, NP. (2019). Advances in the propolis chemical composition between 2013 and 2018. A Review. eFood. 1, 24–

37. https://doi.org/10.2991/efood.k.191029.001  
Tosi, B., Donini, A., Romagnoli, C., & Bruni, A. (1996). Antimicrobial activity of some commercial extracts of propolis preperad 

with different solvents. Phytotherapy Research, 10, 335–336.  https://doi.org/10.1002/(SICI)1099-

1573(199606)10:4%3C335::AID-PTR828%3E3.0.CO;2-7 
Tursch, B. (1976). Chemical studies of marine invertebrates 15. some recent developments in chemistry of alcyonaceans, Pure 

Appl. Chem. 48, 1–6. 
Ucan, F. (2008). Antifungal effects of DL-Limonene on the yeasts. Cukurova University, Science Institute, Biotechnology 

Department, MsC Thesis. Adana. 62 s. http://libratez.cu.edu.tr/tezler/6598.pdf  
Wagh, V. D. (2013). Propolis: A wonder bees product and its pharmacological potentials. Adv Pharmacol Sci. 2013:308249,1-11. 

https://doi.org/10.1155/2013/308249 
Walker, P., & Crane, E. (1987).  Constituents of propolis. Apidologie, 18, 327–334. https://doi.org/10.1051/apido:19870404  
Zulhendri, F., Chandrasekaran, K., Kowacz, M., Ravalia, M., Kripal, K., Fearnley, J., & Perera CO. (2021). Antiviral, antibacterial, 

antifungal, and antiparasitic properties of propolis: A Review. Foods. 10(6), 1360. https://doi.org/10.3390/foods10061360  
 

https://doi.org/10.1080/10412905.2008.9700044
https://doi.org/10.1177/0960327111412805
http://journal.waocp.org/article_24421_e27f12cfb64e899d4a0ee2f315f985bf.pdf
https://doi.org/10.1016/j.foodchem.2006.10.006
https://doi.org/10.1002/cbdv.201200165
https://doi.org/10.1590/S1678-91992010005000007
https://doi.org/10.1590/S1678-91992010005000007
https://doi.org/10.3390/molecules22071159
https://doi.org/10.1002/jsfa.11788
https://doi.org/10.1080/14786410410001704877
https://doi.org/10.1016/j.jep.2005.01.046
https://doi.org/10.2991/efood.k.191029.001
https://doi.org/10.1002/(SICI)1099-1573(199606)10:4%3C335::AID-PTR828%3E3.0.CO;2-7
https://doi.org/10.1002/(SICI)1099-1573(199606)10:4%3C335::AID-PTR828%3E3.0.CO;2-7
http://libratez.cu.edu.tr/tezler/6598.pdf
https://doi.org/10.1155/2013/308249
https://doi.org/10.1051/apido:19870404
https://doi.org/10.3390/foods10061360

