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ABSTRACT 
Bee glue called propolis is a dark sticky resinous substance collected by bees from leaf buds, 

twigs, Trunk wounds and trees. Three different solvent styles according to their polarity, namely; water 
(WEEP), ethanol (EEEP) and n-hexane (HEEP) utilized as extraction protocols for two-bee propolis 
purchased from two districts; Egyptian and Turkish. Regarding the antimicrobial activity outputs 
against the investigated food borne bacteria; the most powerful solvent extraction protocol giving 
promising results was water (WEEP), showing the highest impact on Pseudomonas aeruginosa 
followed by the ethanol (EEEP) compared to NaNO3 as a commercial standard food preservative. 
Similarly, as to antimicrobial action yields against the examined food borne filamentous fungi, the most 
capable dissolvable extraction convention was (WEEP) demonstrating the most elevated effect on 
Aspergillus flavus; subsequently (EEEP) matched with NaNO3. Concerning, Minimum inhibitory 
concentrations (MICs), water extracted propolis (WEEP) had the lowest inhibitory action compared to 
(EEEP), (HEEP) as well as to the positive control NaNO3. Relating to the in vitro antioxidant activities 
of the two-investigated bee propolis types indicated by Mass spectrometry using (DPPH) assay 
technique, the water extract of the Turkish propolis revealed the highest antioxidant activity showing 
better radical scavenging abilities than, the remaining extraction protocols. Quantified total phenolic 
contents of the two-explored bee propolis showed that, the Turkish water extracted bee propolis had the 
highest levels of polyphenols, compared to the Egyptian one. Such outcomes corresponded intimately 
with the levels of aggregate phenols, flavones and flavones in tests.This study offers useful information 
for the usage of propolis as a natural antimicrobial agent to control microbial growth in food products 
and might provide an alternative to chemical preservatives.  

  
Keywords: Bee Propolis, Antioxidant Activity, Total phenols, Antimicrobial activity and minimum 

inhibtor concentration  

 
Introduction 

Bee glue called propolis is a dark sticky resinous substance collected by bees from 
leaf buds, twigs, Trunk wounds and trees. In Argentina, the INAL (The National Food 
Institute) recognized propolis as a diet supplement in 1995 (file 2110-003755-4 in the 
Argentine Food Code) (Gonzalez et al., 2003). Propolis used specially in antiquity, in 
Egypt. There are some thousand years BC, propolis was very well known to the priests who 
had monopolized medicine, chemistry and art of mummifying corpses.  Propolis is very 
complex, but more or less constant chemistry. Bees wax is one of its main components (30 
%) but collection of natural substances from tree buds and young branches, and the partial 
modification of these by bee secretions, lead to the incorporation and concentration by 
propolis of hundreds of other components (e. g. phenolics), hence its 50-55 % resin content. 
Essential oils (8-10 %) and pollen (5 %) complete the list of major constituents. Some of 
these components, albeit as minor individual components, have strong biological activity as 
microbiocides. Flavonoids (e.g. galangin) and phenolcarboxylic acids (e.g. diphenyl 
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hydroxycinnamic acid) are examples of these natural antibiotics (Fontana et al., 2000). 
Propolis used for a long time as a folk medicine to treat many diseases. In the literature, 
propolis had been associated with various pharmacological activities such as antimicrobial, 
antiparasitic, and antiviral, anti-inflammatory, anti-carcinogenetic and antioxidant activities 
(cardoso et al., 2010) and (Duran et al., 2011). Recently, inclusion of propolis solutions in 
the daily diet had gained importance worldwide in view of its protective role against 
oxidative damage caused by free radicals, which are associated with atherosclerosis, 
diabetes, and cancer (Butnariu and Giuchici, 2011). Furthermore, flavonoids described as 
the main group of phenolic compounds responsible for the antioxidant activity of the 
propolis, and its activity could be associated with their degree of polymerization (Bonvehi 
and Gutierrez, 2011). 

Three different solvent styles according to their polarity, namely; water, ethanol and 
hexane were utilized as extraction protocols for two bee propolis from two districts; 
Egyptian and Turkish. Regarding the antimicrobial activity outputs against the investigated 
food borne microorganisms. 
 
Materials and Method 
 
Two kinds of Propolis used in the study:  

A-proplis from Egypt and B- Propolis from Turkey in a dry mass form 
 

Microorganisms 
A total of ten microbial strains including: Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Salmonella, Bacillus subtilis, Enterococcus faecalis, Aspergullus 
niger, Aspergullus flavius, Candida lipolytica and Candida albicans used in the presented 
study. These strains obtained from The Regional Center for Mycology and Biotechnology, 
AL-Azhar University Egypt.  

 
Chemicals 

 All chemicals and reagents used in the analytical methods were analytical grade 
produced by sigma chemical co. St. Louis, mo., (USA) and purchased from EL. gomhouria 
trading chemicals and drugs co. 

 
Preparation of (water, Ethanol, Hexane) of Egyptian and Turkish propolis Extracts 

  10 grams of Egyptian and Turkish propolis (dry weight) were putting in 100ml of 
sterile de-ionized water, Ethanol or Hexane (ratios 10%, w/w) in sterile screw capped 
bottles at 4Co for 24hr to obtain extracts. Then steps followed as described by Finegold and 
Martin, (1982). 

 
Determination of antimicrobial activity for extracts 

 The antimicrobial effect of Egyptian and Turkish propolis, extracts (water, Ethanol, 
Hexane) on growth of gram-negative bacteria (Escherichia coli, Salmonella spp., 
pseudomonas.), gram-positive bacteria such as (Staphylococcus aureus, Bacillus subtilis, 
enterococcus faecalis), fungi (aspergillus nigar, aspergillus flavus) and candida such as 
(Candida ablicans, candida lypolitica) were studied. 

 
Antibacterial and Antifungal activity for extracts  

Antibacterial and antifungal activities of the tested strains detected using the agar 
diffusion test according to the method mentioned by Pundir et al. (2010). The antibacterial 
and antifungal activity of (water, hexane and ethanol) extracts evaluated by using agar well 
diffusion method. Chemical preservative sodium nitrite used as a positive control, which 
introduced into a well instead of Egyptian and Turkish propolis extracts. Solvent (watr, 
ethanol and hexan) used as a negative control which introduced into a well instead of 
Egyptian and Turkish propolis extracts. The plates thus prepared left at room temperature 
for ten minutes allowing the diffusion of the extract into the agar. After incubation (24 
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hours at 37 Cº for bacteria and 72 hours for fungai and yeast) then the plates observed. If 
antimicrobial activity present on the plates, it indicated by an inhibition zone surrounding 
the well containing the Egyptian and Turkish propolis extracts. The zone of inhibition 
measured and expressed in millimeters. The mean and standard deviation of the diameter of 
inhibition zones were calculated. 

 
Determination of the Minimum Inhibitory Concentrations:  

Minimum inhibitor concentrations (MICs) for Egyptian and Turkish propolis extracts 
determined by agar diffusion method (Finegold and Martin 1982). 

 
Determination of Antioxidant properties 
 
Antiradical activity 

The scavenging activity against DPPH radical was determined in this study as 
follows: Briefly, 0.75ml of prepared Egyptian and Turkish propolis extracts solution 
(0.1g/ml) in warm water were mixed with 1.5ml of 0.09 mg/ml DPPH in methanol. The 
mixture were incubated at 25Cº in a water bath for 5 minutes after which the absorbance 
was measured at 517nm against a blank sample consisting only of the aforementioned 
Egyptian and Turkish propolis extracts solution with distilled water. The absorbance of a 
radical blank was also measured using 0.75ml of distilled water according to (Aljadi and 
Kamaruddin, 2004).The radical scavenging activity (RSA) of Egyptian and Turkish  
propolis  extracts  was expressed in terms of percentage inhibition of DPPH radical by 
Egyptian and Turkish  propolis  extracts  and was calculated according to (Batrušaitytė et 
al., 2007) as follows:    

RSA (DPPH. Inhibition, %) = [(AB-AT)/AB] x 100/AB = Absorbance of radical 
blank (DPPH without Egyptian and Turkish propolis extracts) 

AT = Absorbance of test sample (DPPH with Egyptian and Turkish propolis 
extracts). 

 
Total phenolic content (TP) 

Total flavonoid contents of Egyptian and Turkish propolis extracts were determined 
by using the aluminum chloride colorimetric method with some modifications.1000 µL of 
each Egyptian and Turkish propolis extracts (5gm Egyptian and Turkish propolis extracts /5 
methanol); 300µL (10%) aluminum chloride, 300µ L (5%) sodium nitrite and 4.3 mL 
distilled water were mixed. After incubation at room temperature for 30 min, the 
absorbance measured at 415 nm by using a spectrophotometer (Shimadzu, Kyoto, Japan). 
Catchin used to make the calibration curve (Quettier-Deleu et al., 2000). The 
determinations of total flavonoids in the extracts carried out in triplicate and the averages 
were calculated. 

 
Statistical analysis 

The results obtained in the present work represented as means ± standard error, and 
were analyzed using analysis of variance (ANOVA). The significance of difference 
between means at P<0.05 were calculated using the Duncan Multiple Range Test (Paura 
and Arhipova, 2002). 
 
Results and Discussion 
 
Antimicrobial activity for extracts 

Antimicrobial activity of Egyptian and Turkish propolis extracts determined by using 
different solvent such as (water, hexane and ethanol) which expressed as (WEEP, WETP, 
EEEP, EETP, HEEP, HETP). This extracts were testing against some food-associated 
microorganisms such as (E-coli, Salmonella spp, pseudomonas, Staphylococcus aureus, 
Bacillus cereus, enterococcus faecalis, Aspergillus flavusm, Aspergillus niger, Candida 
albicans, candida lypolitica) by using the agar well diffusion method. Results are presented 
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in table (1). It indicated that, the sensitivity to the extracts of Egyptian and Turkish propolis 
found change among the test organisms compared to the sodium nitrate (NaNO3) as 
(positive control). The extracts of the Egyptian and Turkish propolis showed inhibitory 
activity against all the tested food associated microorganisms in which the zone diameter of 
growth inhibition varied between water Egyptian propolis extract (WEEP) and water 
Turkish propolis extract (WETP) in all organisms specially appear in pseudomonas and  
Aspergillus niger. While, the highest results was found in gram positive bacteria E-coli 
(23mm), gram negative Staphylo. Aureus (24mm), fangui like Aspergillus niger (30mm)and 
candida lipolytic (19mm), these results may be due to different antioxidant concentrations 
(polyphenol and total flavonoid) between Egyptian and Turkish propolis. On the other 
hand, the different extracts (water, ethanol and hexane), water had high inhibition zone than 
hexane and ethanol but E-coli had the biggest zone by hexane Turkish propolis extract 
(HETP) (24mm). The results for Egyptian and Turkish propolis extracts were high in all 
microbes compared to sodium nitrite despite in (Aspergillus flavusm and Candida albicans) 
which were (20 and 16mm) respectively. Aspergillus niger had minimum zone (2mm) by 
Turkish propolis hexane extract while, it had maximum zone by Turkish propolis water 
extract. Staphylococcus aureus and Enterococcus faecalis not affected by sodium nitrite. 
 
Table 1: Effect of different Egyptian and Turkish propolis extracts on growth of the tested 

microorganisms.  
Inhibition zone (mm) Samples 

 
 
Extracts 

Yeasts Fungi Gram-positive Gram-negative 
Candida 
lipolytic 

Candida 
blicans 

Aspergillus 
Niger 

Aspergillus 
flavus 

Entero. 
Faecalis 

Bacillus 
subtilis 

Staphylo. 
Aureus 

Salmo. 
Spp 

E.coli Ps. 
aurg. 

13 13 19 6 17 17 20 3 7 14 WE E P   
19 15 30 8 19 19 24 17 23 22 W ET P 
3 1 3 3 16 7 11 7 10 2 EE E P 
6 5 6 5 19 7 12 15 5 3 EET P 
7 8 8 14 9 6 13 20 18 17 HE E P 

12 12 2 5 11 15 18 11.5 24 5 H ET P 
7 16 14 20 ---- 12 --- 3 1 14 NaNO3(200)ppm 

WE E P=water extract of Egyptian propolis W ET P=water extract of Turkish propolis   EE E P=ethanol extract of 
Egyptian propolis   EET P= ethanol extract of Turkish propolis HE E P=hexane extract of Egyptian propolis H ET P= 
hexane extract of Turkish of propolis NaNO3=sodium nitrite  

 
Minimum inhibitory concentrations of Egyptian and Turkish propolis extracts  

Minimum inhibitory concentrations (MIC) of propolis extracts Taking in 
consideration that the majority of authors have noted the increase in the resistance of 
pathogens isolated from food to sodium nitrite. The aim of the current study was to evaluate 
the antimicrobial activity of propolis, as a natural alternative to some of the commonly 
preservative agent.This antimicrobial activity is due to the unique chemical composition of 
propolis (Hegazi and Abd El Hady, 2001) and (Hegazi and Abd El Hady, 2002). Although, 
the chemical composition of propolis extracted with different solvents is different 
antimicrobial power. 

 Ivancajic et al. (2010) found that propolis extracted by three different solvents 
(water, hexane and ethanol) exhibited a significant antibacterial activity against different 
bacterial strains including negative gram such as E-coli and Salmo.spp and positive gram 
such as Bacillus subtilis and Staphylococus aureus. In addition, this study confirmed the 
efficacy of propolis as an antifungal agent against fungai and yeast, which isolated from 
food like (Aspergillus niger and Candida ablicans). 

The comparison between the antimicrobial activity of different solvent and 
preservative agents (against bacteria and fungi) as sodium nitrite (NaNO3) in relation to 
different geographical types (Egyptian and Turkish) and solvant (water, hexane and 
ethanol) of propolis extracts samples revealed that, the propolis samples were effectively 
acting to inhibit the growth more than sodium nitrite(NaNO3). 

The minimum inhibitory concentration (MIC) of propolis samples were determined 
and recorded in Table (2) against the tested microorganisms which showed that, gram 



Middle East J. Appl. Sci., 10(1): 57-63, 2020 
EISSN: 2706 -7947    ISSN: 2077- 4613                                          DOI: 10.36632/mejas/2020.10.1.8 

61 

negative bacteria had high sensitivity to Egyptian propolis hexane extract than ethanol and 
water extracts while, gram positive were sensitivity to water extract than other in Egyptian 
propolis. Generally, the best concentrate was for Turkish propolis than Egyptian on all 
microbes and for water extract than ethanol and hexane extracts. It was noticed that, 
Bacillus subtilis and Entero. Faecalis had minimum inhibitor concentrate by Turkish 
propolis ethanol extract (0.19) ml/100g but Aspergillus flavus and Candida lipolytic had 
minimum concentration by Turkish propolis water extract (0.16) and (0.19) ml/100g 
respectively. 
 
Table 2: Minimum inhibitory concentrations (MIC) as (ml /100g) for Egyptian and Turkish propolis 

extracts 
Types of 
microorganisms 

Control (+) Egyptian propolis Turkish propolis 
NaNO3(200ppm) Water Ethanol Hexan Water Ethanol Hexan 

Gram-
negative 

Ps.aurg. 0.33bc±0.03 0.41c±0.02 0.52d±0.05 0.28ab±0.02 0.20a±0.02 0.32b±0.03 0.48cd±0.04 
E. coli 0.38d±0.04 0.30c±0.03 0.28ab±0.02 0.25ab±0.02 0.18a±0.01 0.28ab±0.02 0.21a±0.02 
Salmo. spp 0.36d±0.02 0.44ef±0.04 0.53g±0.04 0.23a ±0.03 0.23a±0.02 0.22a±0.02 0.30c±0.03 

Gram-
positive 

Staphylo. 
aureus 

3.3f±0.03 0.23a±0.02 0.29b±0.02 0.31c ±0.05 0.22a±0.02 0.28ab±0.02 0.28ab±0.02 

Bacillus 
subtilis 

0.40de±0.04 0.25bc±0.02 0.31cd±0.03 0.6fg ±0.05 0.24bc±0.02 0.19a±0.01 0.27c±0.02 

Entero. 
faecalis 

3.3g±0.02 0.30d±0.03 0.41g±0.04 0.38f±0.04 0.32de±0.03 0.19a±0.01 0.38f±0.03 

Fungi 

Aspergillus 
flavus 

0.29cd±0.02 0.27bc±0.06 0.41de±0.04 0.42de±0.04 0.16a±0.01 0.40ef±0.04 0.62g±0.05 

Aspergillus 
niger 

0.40ef±0.04 0.70fg±0.04 0.41de±0.04 0.37cd±0.04 0.38de±0.03 0.43ef±0.04 0.56g±0.05 

Yeasts 

Candida 
ablicans 

0.32d±0.03 0.45ef±0.45 0.52g±0.05 0.43ef±0.04 0.27bc±0.02 0.44f±0.04 0.27bc±0.02 

Candida 
lipolytic 

0.55g±0.05 0.45ef±0.03 0.45ef±0.45 046fg±0.04 0.19a±0.01 0.40ef±0.04 0.27bc±0.02 

*Means with the same superscripts at the same column are not significant at (p<0.05)  

 
Antioxidant properties: 

The total flavonoid contents varied considerably with the highest values obtained for 
Turkish propolis as shown in Table 3. Similarly, much variation was seeing in total 
flavonoid content. Total phenolic contents of propolis samples were 7.47and 9.11 mg/10 g 
Egyptian and Turkish propolis respectively as Catechin equivalent by the Folin Ciocalteu 
method. Polyphenols includes flavonoids, phenolic acids and their esters are present in 
relatively high concentrations in propolis (Greenaway et al., 1990, Hegazi, and Abd El-
Hady 2002; Hegazi and Abd El Hady (2008). In addition, propolis had activation of 
cytokines (Hegazi 2009). Caffeic acid phenethyl ester (CAPE) is an active component of 
propolis extracts. It had several positive effects, including anti-inflammatory, anti-
oxidation, anti-cancer, anti-bacterial, anti-viral, antifungal, and immunomodulatory effects.  
 
Table 3: Antioxidant activity and phytochemical composition of (Egyptian and Turkish) propolis 

Propolis samples DPPH  
(Inhibition ratio %) 

Total phenolic  content 
(mg/kg) 

Total flavonoids  
(mg/10 g   propolis) 

Egyptian 87.62a±0.04 405.3bc±0.23 7.47bc±0.25 
Turkish 95.15b±0.5 481.5a±0.04 9.11a±0.01 

*Means with the same superscripts at the same column are not significant at (p<0.05) 

 
Total phenolic content for Egyptian propolis was (405.3) mg/kg lower than Turkish 
propolis which had (481.5) mg/kg, that results refer to different geography and atmosphere 
condition and nutrition nature for beehive. Several researchers. Al-Mamary et al., (2002) 
reported that the composition of honey and so its antioxidant capacity depends on several 
factors, such as the flower source of the nectar, season, and environmental factors, such as 
soil type and climate, genetic factors, and processing methods. In other words, the possible 
health related effects due to the antioxidant activity of honey and propolis may well depend 
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on the origin of both (Baltrusaityte et al., 2007). As mentioned previously, the antioxidant 
activity is due to the presence of phenolic compounds and flavonoids, although the exact 
action mechanism is unknown. Among the mechanisms proposed are free radical 
sequestrations, hydrogen donation, metallic ion chelation, or their acting as substrate for 
radicals such as super oxide and hydroxyl (Al-Mamary et al., 2002).  
 
Conclusion 

Propolis is a significant antimicrobial bee product. It acts both against Gram-positive 
and Gram negative, as well as fungal and candida. The activity of propolis depends on 
chemical composition and is different in individual countries. Two propolis samples 
showed significant qualitative similarities effect on microbes. The antimicrobial activities 
of propolis against all examined microorganisms were excellent compared to positive 
control (sodium nitrite).The inhibition varied according to the propolis origin. It was 
obvious that, Turkish and Egyptian propolis had high antioxidant activity while, Turkish 
was the highest than the Egyptian propolis. 
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