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Abstract: Propolis alcoholic tincture is most commonly used propolis product on the 
market for the treatment of minor infections in the oral cavity; angina, some skin diseases 
etc. As propolis is still an unofficial drug in pharmacies, we tested its antimicrobial activity 
using a disk-diffusion test on six reference bacterial species-Salmonella Enterica WDCM 
00030, Salmonella typhimurium WDCM 00031, Listeria monocytogenes WDCM 00020, 
Staphylococcus aureus WDCM 00032, Escherichia coli WDCM 00013 and Pseudomonas 
aeruginosa WDCM 00024. 

The aim of this paper was to examine the antibacterial action of alcoholic solution of 
propolis on reference bacterial cultures and to determine the type of action. Based on the 
obtained results, it can be concluded that the bacterial strains of Salmonella Enteritidis 
WDCM 00030, Salmonella Typhimurium WDCM 00031, Listeria monocytogenes WDCM 
00020, Staphylococcus aureus WDCM 00032 and Pseudomonas aeruginosa WDCM 
00024 are highly sensitive to the action of propolis alcoholic tincture. 
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INTRODUCTION 

Propolis is a bee product of resinous consistency, yellow to dark brown in color, with a 
faint odor, which honey bees collect from the buds and bark of trees. The word propolis is 
of Greek origin, derived from two words “pro” - in front and “polis” – city, which means 
“in front of the city” and perfectly describes the role of propolis in hives, which is closing 
hive openings and having protective role of bee colony (Ghisaberti, 1979; Marcucci, 1995; 
Torres et al., 2008; Boonsai et al., 2014). Propolis is known since ancient times and was 
used as an adhesive in Egypt. The Greek philosopher Aristotle wrote about the resinous 
substrate that bees smeared at the entrance to their hives, and was used as a remedy for 
bruises and ulcers (Crane, 1999). Greeks used propolis as the main ingredient in making 
perfumes, while the ancient Jews considered it a natural remedy. The Roman scientist 
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Plinius (23-79 BC) was convinced that propolis originated from various buds of various 
trees such as willow, poplar, elm, reed and other plants (Fearnley, 2001). Hippocrates (460-
377 BC) was the first to use propolis for treating ulcers, which is considered to be the first 
use of propolis as a drug to be recorded (Najafi, 2007). 

Propolis is considered a universal drug with many clinically proven therapeutic properties. 
The anti-inflammatory action of propolis enables epithelisation of wounds and has a 
positive effect on the body`s immunity protection. Propolis is irreplaceable in acute and 
chronic inflammations such as: rhinitis, sinusitis, bronchitis, laryngitis etc. Experimental 
studies have shown anti-inflammatory effects in rats with arthritis, since alcohol tincture of 
propolis had anti-inflammatory effects in both acute and chronic inflammation (Park and 
Kahng, 1999; Boonsai et al., 2014). The chemical composition of propolis has not been 
fully investigated, but it is known that the main components of propolis are natural 
flavonoids (galangin, quercetin, chrysin, kaempferol, apigenin, pinocembrin, pinobaksin), 
that are responsible for medicinal properties of propolis. There is plenty of evidence that 
propolis has antibacterial activity, i.e., that it slows down the growth of bacteria 
(Kalogeropulos et al., 2009; Petrova et al., 2010; Boonsai et al., 2014).  

The antibacterial activity of propolis has been investigated on a wide range of aerobic and 
anaerobic Gram-positive and Gram-negative bacteria. Propolis has been shown to be more 
active against Gram-positive bacteria, but it also shows inhibitory properties against some 
Gram-negative bacteria (Klebsiella pneumoniae) (Meresta, 1997; Park et al., 2005; Boonsai 
et al., 2014; Bogdanov, 2017). Mostly, the antimicrobial activity of crude propolis 
decreases with its prolonged storing and longer storage. In contrast, it has been confirmed 
that ethanol extract of propolis, stored for 10 to 15 years, shows increased antibacterial 
activity (Meresta, 1997). Stepanović et al. (2003) examined the antimicrobial activity of 
propolis extracts obtained from the territory of the Republic of Serbia against selected 
microorganisms, as well as synergistic effect of propolis and selected antibiotics. The 
obtained results of this study showed a strong antimicrobial effect of ethanol extract of 
propolis against Gram-positive bacteria, individually and in combination with commercial 
antibiotics.  

Propolis has a strong bactericidal effect, destroys certain bacteria and is the strongest 
natural disinfectant. Due to the content of many pharmacologically active substances, 
propolis has a local anesthetic, hepatoprotective, anti-cancer and immunostimulating effect 
(Burdock, 1998; Ito J et al., 2001; Toreti, 2013). 

Propolis acts as bacteriostatic on bacteria by damaging their cytoplasm, cell membrane, 
causing partial bacteriolysis and inhibiting protein synthesis. Antibacterial substances in 
propolis are thermostable, do not damage the normal intestinal flora, are non-toxic and do 
not cause resistance in body. If propolis is used in combination with standard antimicrobial 
drugs (streptomycin, ampicilin, gentamicin, tetracycline, cephalosporin), it can intensify 
their effect up to 100 times. Propolis moderately increases the antibacterial activity of 
chloramphenicol, ceftriaxsone and vankomycin, while it has no effect on erythromycin. 
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The fungicidal action of propolis has been proven against factors that cause skin diseases 
of the feet such as psoriasis, alopecia, neurodermatitis, etc., which means that propolis can 
help on treating process of these diseases (Ota et al., 2001; Gekker et al., 2005; Dota et al., 
2011).  

Some studies have shown that consumption of propolis not only prevents cancer formation, 
but also stops cancer cell growth and metastasis (brest, colon, kidney, liver, uterus, stomach, 
lung, skin, blood cancers) (Orsolić et al., 2004; Kalogeropoulos et al., 2009; Valente et al., 
2011). 

Due to its biological characteristics, propolis is considered a highly functional ingredient 
that is important for health, and therefore is added to food and cosmetics, and is also used 
for medical purposes with the aim of health improvement and various diseases prevention 
(IFIC, 2009). 

The antiviral effect of propolis is direct on some viruses (Herpes simplex, Influenca, Herpes 
genitalis, Herpes zoster etc.), since it prevent their replication, i.e., reproduction within the 
cell and reduces DNA synthesis, leading to reduction in viral activity. In some oncogenic 
viruses, it prevents the transformation of healthy into cancer cells by breaking down their 
DNA and at the same time triggering the mechanism of apoptosis. Test results (in vitro) of 
infections caused by HIV 1 virus with 66.6 μg/ml ethanolic tincture of propolis showed 
suppression of several types of HIV1 virus infected with CD4 lymphocytes and microglia 
cells (suppression of 85-98%) (Gekker et al., 2005; Diaz-Carballo et al., 2010). 

Despite the differences on chemical composition between different types of propolis due 
to different botanical and geographical origins, propolis exhibits a strong antimicrobial 
effect. Tests of chemical and microbiological properties of propolis are important in terms 
of the use of propolis as a natural preservative in the food industry.  

The aim of this study was to determine the antimicrobial activity of alcoholic tincture of 
propolis on selected bacterial reference strains. 

MATERIALS AND METHODS 

The research was done with 20% alcoholic tincture of propolis, which was previously made 
with 200 g of propolis dissolved in 1000 ml of 96% ethyl alcohol. After propolis was poured 
with ethyl alcohol, propolis was kept in dark bottle, with occasional shaking, for at least 
three weeks. After that, the propolis was filtered through filter paper to obtain alcoholic 
tincture of propolis which was ready for further use.  

Reference strains Salmonella Enteritidis WDCM 00030, Salmonella Typhimurium WDCM 
00031, Listeria monocytogenes WDCM 00020, Staphylococcus aureus WDCM 00032, 
Escherichia coli WDCM 00013, Pseudomonas aeruginosa WDCM 00024 
(BCCM™/LMG BACTERIA COLLECTION, Belgium) were used to test the 
antimicrobial activity of alcoholic tincture of propolis. Cultures were seeded in nutrient 
broth and incubated at 370C for 18h. Petri dishes with a suitable medium (Müeller-Hinton 
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agar) were seeded with 0.1 ml of bacterial suspension, the concentration of which was 107 

cfu/ml. 

To investigate the effect of alcoholic tincture of propolis on the growth of bacterial 
reference strains Salmonella Enteritidis WDCM 00030, Salmonella Typhimurium WDCM 
00031, Listeria monocytogenes WDCM 00020, Staphylococcus aureus WDCM 00032, 
Escherichia coli WDCM 00013 and Pseudomonas aeruginosa WDCM 00024, the agar 
diffusion method on a solid sterile nutrient medium (Müeller-Hinton agar) was used. Metal 
cylinders with a diameter of 9 mm were placed on the surface of a solid nutrient medium 
on which a certain pure bacterial culture was previously sown. 10 µl of alcoholic tincture 
of propolis was instilled into cylinders with a micropipette. As a control, 10µl of 96% 
alcohol was added to the cylinder.  

The principle of this method is based on the fact that the antimicrobial agent diffuses into 
the substrate and spreads radially. If the bacterium is sensitive to the action of the tested 
antimicrobial agent, it will not grow in the zone of its action. Therefore, after incubation, 
around the cylinder, zones of absence of growth are observed, the so-called zones of 
inhibition. Zones of growth inhibition were measured with a millimetre ruler, on the basis 
of which the sensitivity of the bacterial strain to the tested alcoholic tincture of propolis 
was determined.   

Petri dishes were incubated for 24h at 37ºC. Three replicates were performed for each 
bacterial culture and the mean value for each bacterial culture was calculated. 

In addition to above, the type of action of the alcoholic tincture of propolis was also 
determined. To see if propolis had bactericidal or bacteriostatic activity, a small piece of 
agar was taken from the inhibition zones and added to the nutrient broth. Incubation was 
performed at 37ºC for 24h. If the broth became cloudy after incubation, it is considered that 
the propolis had a bacteriostatic effect, i.e. if the broth remained clear after incubation, the 
effect of propolis is bactericidal. 

    
Figure 1. Disk-diffusion method; Figure 2. Bactericidal and bacteriostatic effects of propolis 
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RESULTS AND DISCUSSION 

The antibacterial effect of the alcoholic extract of propolis was investigated on the reference 
strains Salmonella Enteritidis WDCM 00030, Salmonella Typhimurium WDCM 00031, 
Listeria monocytogenes WDCM 00020, Staphylococcus aureus WDCM 00032, 
Escherichia coli WDCM 00013 and Pseudomonas aeruginosa WDCM 00024. The 
obtained results are shown in figure 3.  

 
Figure 3. Antibacterial action of alcoholic tincture of propolis on selected reference strains 
(zones of inhibition are given in mm) 

 

Based on the results shown in figure 3., it can be seen that bacteria Pseudomonas 
aeruginosa WDCM 00024, Listeria monocytogenes WDCM 00020, Staphylococcus 
aureus WDCM 00032 and Salmonella Enteritidis WDCM 00030 showed the greatest 
sensitivity to the antimicrobial effect of alcoholic tincture of propolis. The greatest 
antimicrobial effect of the tested sample was observed in the strains Pseudomonas 
aeruginosa WDCM 00024, with an inhibition zone of 16.66 mm and Listeria 
monocytogenes WDCM 00020, with am inhibition zone of 13.33 mm. They are followed 
by Staphylococcus aureus WDCM 00032 (11.33mm), Salmonella Enteritidis WDCM 
00030 (10.33mm) and Salmonella Typhimurium WDCM 00031 (7.66 mm). Alcoholic 
tincture of propolis did not show an inhibitory effect on growth of Escherichia coli WDCM 
00013.  

There are a large number of publications related to antimicrobial activity of propolis on E. 
coli. Studies performed on alcoholic tinctures of propolis from different regions of Turkey 
showed that the zone of inhibition of Escherichia coli was >12 mm, while Pseudomonas 
aeruginosa and Proteus mirabilis showed much lower sensitivity (Katircioglu et al., 2006). 
Popova et al. (2005) believe that phenolic glycerides and diterpens could be responsible for 
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activity against Escherichia coli. Stepanović et al. (2003) examined the antimicrobial 
activities of thirteen tinctures of propolis and showed the largest zone of inhibition for 
Staphylococcus aureus (9-12 mm), Listeria monocytogenes (10-13 mm) and Bacilus 
subtilis (9-13 mm), while for strains of Escherichia coli, Pseudomonas aeruginosa and 
Serratia marcescens obtained zones of inhibition were from 0 to 2 mm.  

Variations in the antibacterial activity of alcoholic tincture of propolis are in line with the 
results published in the literature and probably depend on geographical area from which 
the bees collected honey (Stepanović et al., 2003; Fernandes Junior et al., 2006; Adewumi 
et al., 2011; Boonsai et al., 2014; Wolska et al., 2016). Many studies have shown that 
flavonoid and polyphenyl content affect the antimicrobial activity of propolis (Pepeljnjak 
et al., 2004; Mercen et al., 2006; Boonsai et al., 2014). Also, the activity of propolis is 
influenced by the method of storage, production time, proportion of ingredients and method 
of application (Haynes and Callaghan, 2011; Tasleem et al., 2011; Boonsai et al., 2014; 
Wolska et al., 2016). 

The results of this study are in line with the results of other researchers who have dealt with 
this topic (Gatto et al., 2002; Stepanović et al., 2003; Kosalec et al., 2005; Park et al., 2005; 
Rushdi et al., 2013; Wojtyczka et al., 2013; Boonsai et al., 2014; Kalaba et al., 2019). 

Differences in suspceptibility to antimicrobial agents observed between Gram-positive and 
Gram-negative bacteria most likely originate from differences in the structure and chemical 
composition of the bacterial wall. The cell of Gram-negative bacteria is multi-layered and 
the presence of a two-layer outer membrane represents a natural barrier for the penetration 
of antibiotics and other foreign substances into the cell interior. On the other hand, Gram-
positive bacteria have a single-walled cell wall and are more sensitive to the action of 
antimicrobial agent (Gatto et al. 2002; Pepeljnjak et al., 2004). According to other authors, 
the outer membrane can only slow down the entry of lipophilic substances into the bacterial 
cell. Pumps in the cell membrane that prevent the entry of propolis constituents or actively 
expel them from the cell are responsible for resistance to propolis (Gatto et al. 2002). The 
studies of some researchers have shown that propolis prevents the growth of 
microorganisms, whether they are pured or mixed cultures. Also, the use of an alcoholic 
solution of propolis, alone or in combination with other antibacterial agents, can be used in 
the development of alternative products for the treatment of methicillin-resistant 
staphylococci (MRSA). Studies report synergistic activity between alcoholic solution of 
propolis and antibacterial drugs against methicillin-resistant staphylococci (MRSA) (Noori 
et al., 2012; Wojtyczka, 2013; Ali Saddiq and Abouward, 2016). 

To see if propolis had a bactericidal or bacteriostatic effect, a small piece of agar was taken 
from the inhibition zones and added to the nutrient broth. After incubation for 24 h at 370C, 
the broth became cloudy, i.e. the alcoholic solution of propolis had a bacteriostatic effect 
on all tested strains. The obtained results are shown in figure 4. 
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Figure 4. Graphical representation of the effect of alcoholic propolis solution on selected 
reference strains. 

The results of this study confirm the bacteriostatic effect of alcoholic tincture of propolis, 
which is in line with studies conducted by other researchers (Bonvehi et al., 1994; Salas et 
al., 2014).  

CONCLUSION 

Based on obtained results, it can be concluded that the bacterial reference strains of 
Pseudomonas aeruginosa WDCM 00024, Listeria monocytogenes WDCM 00020, 
Staphylococcus aureus WDCM 00032, Salmonella Enteritidis WDCM 00030 and 
Salmonella Typhimurium WDCM 00031 are sensitive to the action of alcoholic tincture of 
propolis.  

Alcoholic tincture of propolis did not show an inhibitory effect on the growth of 
Escherichia coli WDCM 00013.  

Due to occurrence of an increasing number of resistant microorganisms to certain 
conventional microbial drugs, this study is an introduction to future tests and an incentive 
to return the use of herbal preparations in the treatment of various diseases in humans and 
animals.  

REFERENCES 

Adewumi A. A., Ogunjinmi A. A. (2011): The healing potential of honey and propolis 
lotion on septic wounds. Asian Pacific Journal of Tropical Biomedicine, 1(1):55-57. 

Al-Waili N., Al-Ghamdi A., Ansari M. J., Al-Attal Y., Salom K. (2012): Synergistic Effects 
of Honey and Propolis toward Drug Multi-Resistant Staphylococcus Aureus, 
Escherichia Coli and Candida Albicans Isolates in Single and Polymicrobial Cultures. 
International Journal of Medical Sciences, 9(9):793-800. 

Bogdanov S. (2017): Propolis: Composition, Health, Medicine. Bee Product Science, 1-44. 

3 3 3 3 3

0

1

2

3

4

Salmonella
Enteritidis WDCM

00030

Salmonella
Typhimurium WDCM

00031

Listeria
monocytigenes
WDCM 00020

Staphylococcus
aureus WDCM

00032

Pseudomonas
aeruginosa WDCM

00024

Bacteriostatic effect



Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XX, No.1-2, 173–182, 2020 
Kalaba еt al.: 

Antibacterial action of propolis on selected bacterial reference strains 
  

 

180 

Bonvehí J. S., Coll F. V., Jordà R. E. (1994): The composition, active components and 
bacteriostatic activity of propolis in dietetics. Journal of the American Oil Chemists’ 
Society, 71(5):529-532. 

Boonsai P., Preecha P., Chanpen C. (2014): Antibacterial Activity of a Cardanol from Thai 
Apis mellifera Propolis.  International Journal of Medical Sciences, 11:327-336. 

Burdock G. A. (1998): Review of the biological properties and toxicity of bee propolis 
(propolis). Food and Chemical Toxicology, 36(4):347-363. 

Crane E. (1999): The World History of Beekeeping and Honey Hunting. Gerald Duckworth 
& Co Ltd, 545-553. 

Diaz-Carballo D., Ueberla K., Kleff V., Ergun S., Malak S., Freistuehler M. (2010): 
Antiretroviral activity of two polyisoprenylated acylphloroglucinols, 7-epi-
nemorosone and plukenetione A, isolated from Caribbean propolis. International 
Journal of Clinical Pharmacology and Therapeutics, 48(10):670-677. 

Dota K. F. Consolaro M. E., Svidzinski T. I., Brushi M. L. (2011): Antifungal activity of 
Brazilian propolis microparticles against yeasts isolated from Vulvovaginal 
candidiasis. Evidence-Based Complementary and Alternative Medicine, 2011(1):1-8. 

Fearnley J. (2001): Bee propolis: natural healing from the hive. Souvenir Press, 172. 

Fernandes Júnior A., Lopes M. M. R., Colombari V., Monteiro A. C. M., Vieira E. P. (2006): 
Atividade antimicrobiana de própolis de Apis mellifera obtidas em três regiões do 
Brasil. Ciência Rural, 36(1):294-297. 

Gatto M. T., Falcocchio S., Grippa E., Mazzanti G., Battinelli L., Nicolosi G., Lambusta 
D., , Saso L. (2002): Antimicrobial and Anti-Lipase Activity of Quercetin and its C2-
C16 3-O-acylesters. Bioorganic & Medicinal Chemistry, 10(2):269-272. 

Ghisaberti E. L. (1979): Propolis: a review. Bee World, 60(2):59-84.  

Gekker G., Hu S., Spivak M., Lokensgard J. R., Peterson P. K. (2005): Anti-HIV-1 activity 
of propolis in CD4+lymphocyte and microglial cell cultures, Journal of 
Ethnopharmacology, 102(2):158-163. 

Ito J., Chang F. R., Wang H. K., Park Y. K., Ikegaki M., Kilgore N. (2001): Anti HIV 
activity of moronic acid derivatives and the new melliferonerelated triterpenoid 
isolated from Brazilian propolis. Journal of Natural Products, 64(10):1278-1281. 

IFIC. (2009): Functional Foods.  International Food Information Council Foundation. 
Available at: http://www.ific.org/nutrition/funtional/index.cfm Accessed 28.11.2017. 

Kalogeropoulos N., Konteles S. J., Troullidou E., Mourtzinos I., Karathanos V. T. (2009): 
Chemical composition, antioxidant activity and antimicrobial properties of propolis 
extracts from Greece and Cyprus, Food Chemistry, 116(2):452-461. 



Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XX, No.1-2, 173–182, 2020  
Kalaba еt al.: 
Antibacterial action of propolis on selected bacterial reference strains 
  

 

181 

Kalaba V., Ilić T., Kalaba D., Sladojević Ž., Golić B. (2019) Antibacterial activity of 
propolis extracts from Greece and Republic of Srpska (Bosnia and Herzegovina). In 
IX International Scientific Agriculture Symposium „AGROSYM 2019“, Book of 
Proceeding, 334. 

Katircioglu H., Mercan N. (2006): Antimicrobial activity and chemical compositions of 
Turkish propolis from different region. African Journal of Biotechnology, 5(11):1151-
1153. 

Kosalec I. Pepeljnjak S., Bakmaz M., Vladimir-Knežević S. (2005): Flavonoid analysis and 
antimicrobial activity of commercially available propolis products. Acta 
Pharmaceutica, 55(4):423-430. 

Marcucci M. C. (1995): Propolis: chemical composition, biological properties and 
therapeutic activity. Apidologie, 26(2):83-99. 

Meresta T. (1997): Changes in the antibacterial activity pattern of propolis extracts during 
long storage. Medycyna weterynaryjna, 53(5):277-278. 

Mercan N., Kivrak I., Duru M. E., Katircioglu H., Gulcan S., Malci S. (2006):  Chemical 
composition effects onto antimicrobial and antioxidant activities of propolis collected 
from different regions of Turkey. Annals of Microbiology, 56(4):373-378. 

Najafi M. F., Vahedy F., Seyyedin M., Jomehzadehh H. R., Bozary K. (2007): Effect of the 
water extracts of propolis on  stimulation and inhibition of different cells. 
Cytotechnology, 54(1):49-56. 

Orsolic N, Basic I. (2004): Honey as a cancer-preventive agent. Periodicum Biologorum, 
106(4):397-401. 

Ota C., Unterkircher C., Fantinato V., Shimizu M. T. (2001): Antifungal activity of propolis 
on different species of Candida. Mycoces, 44(9-10):375-378. 

Park E. H., Kahng J. H. (1999): Suppcessive effects of propolis in rat adjuvant arthritis. 
Archives of Pharmacal Research, 22(6):554-558. 

Park Y. K., Alencar S. M., Aguiar C. L. (2005): Botanical Origin and Chemical 
Composition of Brazilian Propolis. Journal of Agricultural and Food Chemistry, 
50(9):2502-2506. 

Petrova A. Popova M., Kuzmanova C., Tsvetkova I., Naydenski H., Muli E. (2010): New 
biologically active compounds from Kenyan propolis. Fitoterapia, 81(6):509-514. 

Pepeljnjak S., Kosalec I. (2004): Galangin expresses bactericidal activity against 
multipleresistant bacteria: MRSA, Enterococcus spp. and Pseudomonas aeruginosa. 
FEMS Microbiology Letters, 240(1):111-116. 



Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XX, No.1-2, 173–182, 2020 
Kalaba еt al.: 

Antibacterial action of propolis on selected bacterial reference strains 
  

 

182 

Popova M., Silici S., Kaftanoglu O., Bankova V. (2005): Antibacterial activity of Turkish 
propolis and its qualitative and quantitative chemical composition. Phytomedicine : 
International Journal of Phytotherapy and Phytopharmacology, 12(3): 221-228. 

Rushdi A. I., Adgaba N., Bayaqoob N., Al-Ghamdi A. A., Simoneit B., El-Mubarak A. 
(2014): Characteristics and chemical compositions of propolis from Ethiopia. 
SpringerPlus, 3(1):253. 

Saddiq A. A., Abouwarda A. M. (2016): Effect of propolis extracts against methicillin-
resistant Staphylococcus aureus. Main Group Chemistry, 15(1):75-86. 

Salas A. L., Ordoñez R. M., Silva C., Maldonado L., Bedascarrasbure E., Isla M. (2014): 
Antibacterial activity of Argentinean propolis against Staphylococcus isolated of 
canine otitis. Journal of Experimental Biology and Agricultural Sciences, 2(2):197-
207. 

Stepanović S., Antić A., Dakić I., Švabić-Vlahović M. (2003): In vitro antimicrobial 
activity of propolis and synergism between propolis and antimicrobial drugs, 
Microbiological Research, 158(4):353-357. 

Stephen-Haynes J. A. J., Callaghan R. (2011): Properties of honey: It's mode of action and 
clinical outcomes. Wounds UK, 7(1):50-57. 

Tasleem S, Naqvi S. B., Khan S. A., Hashimi K. (2011): Honey ointment: a natural remedy 
of skin wound infections. Journal of Ayub Medical College: Abbottabad, 23(2):26-31. 

Toreti V. C., Sato H. H., Pastore G. M., Park Y. K. (2013): Recent progress of propolis for 
its biological and chemical compositions and its botanical origin. Evidence-Based 
Complementary and Alternative Medicine, 2013:1-13. 

Torres R. N. S., Lopes J. A. D, Neto J. M. M., Citó A. M. G. L. (2008): Constituintes 
voláteis de própolis piauiense. Química Nova, 31(3):479-485. 

Valente M. J. Baltazar A. F., Henriqe R., Estenvinho L., Carvalho M. (2011): Biological 
activities of Portuguese propolis: protection against free radical-induced erythrocyte 
damage and inhibition of human renal cancer cell growth in vitro. Food and Chemical 
Toxicology, 49(1):86-92. 

Wojtyczka R. D., Dziedzic A., Idzik D., Kepa M., Kubina R., Kabala-Dzik A. (2013): 
Susceptibility of Staphylococcus aureus clinical isolates to propolis extract alone or in 
combination with antimicrobial drugs. Molecules, 18(8):9623-9640. 

Wolska K., Górska A., Adamiak A. (2016): Antibacterial properties of propolis. Postepy 
Mikrobiolgii, 55(4):343-350. 

Paper received: 30.12.2019. 
Paper accepted: 16.04.2020. 


