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1. Introduction 

Honeybees, Apis mellifera (A. mellifera), are 

ecologically and economically important for their 

critical role as plant pollinators. However, their survival 

is endangered by diverse and potentially virulent 

pathogens that threaten hive health. A decline in the 

number of native bees, such as A. mellifera, due to the 

spread of the American foulbrood (AFB) disease 

caused by Paenibacillus larvae (P. larvae) and the 

European foulbrood (EFB) diseases caused by 

Meliscoccus plutonius (M. plutonius), has had 

devastating effects on bees’ biodiversity (1). The 

mentioned bacterial agents are responsible for adverse 

consequences especially affecting bees’ survival and 

population, which alternatively affects honeybee 

products, such as honey and royal jelly. Disease 
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Abstract 

Four different propolis samples obtained from different regions of Iran were evaluated for their antibacterial 

effects against the bacterial agents responsible for two important honeybee diseases. Paenibacillus larvae (P. 

larvae) and Melissococcus plutonius (M. plutonius), as the etiological agents of American foulbrood (AFB) and 

European foulbrood (EFB) diseases, were subjected to propolis ethanolic extracts in the agar well diffusion 

assay. The minimum inhibitory concentrations (MIC) and the minimum bactericidal concentrations (MBC) of 

the antibacterial effects of the samples against the two indicator organisms were determined by the 

microdilution technique using different concentrations of the propolis extracts. Finally, the synergistic 

antibacterial actions of the mixed propolis samples were determined, and their MIC and MBC values were 

recorded. A two-way analysis of variance was used to evaluate correlations among the diameters of the 

inhibition zones, the bacterial agents, and the propolis extracts. Based on our results, three of the propolis 

samples showed significant antibacterial effects against P. larvae and M. plutonius during the agar well 

diffusion assay. Furthermore, the antibacterial capacity of the propolis samples, when mixed in equal 

proportions, was significantly enhanced, as indicated by the obtained MIC and MBC values. Approximately, 

0.02 mg/mL of mixed propolis samples was required for inhibiting the growth of both pathogens. A direct 

correlation was observed between propolis concentrations and their antibacterial activity. The results of the 

study are conclusive of the significant antibacterial actions of Iranian propolis samples against the etiological 

agents of the mentioned honeybee diseases, suggesting their probable use as a safe biological agent to control 

AFB and EFB diseases.  
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management strategies employed to control the spread 

of these diseases are of immense importance to insure 

bees’ survival and colony health. In most developed 

countries, antibiotic therapy is not recommended, and 

its use in many animals has been banned owing to the 

emergence of drug-resistant strains. Ultimately, the 

attention of scientists and researchers has been diverted 

towards the use of different biologically active and 

natural products that could control the spread of several 

diseases while being safe and economical for use. 

Some biologically active antibacterial ingredients 

studied to date include probiotics, essential oils, 

phytochemicals, specific immunoglobulin Y antibodies, 

and propolis (2-4).  

Propolis is a resinous, waxy substance that honeybees 

(A. melllifera) create by mixing their salivary secretions 

and some enzymes with beeswax, along with 

compounds from various plants and trees, including 

poplar, palm, pine, conifer secretions, gums, resins, 

mucilage, and leaf buds (5). Several in vitro and in vivo 

studies analyzing the properties and components of 

different propolis extracts showed the significant effect 

of this honeybee-related compound on the health of man 

and animals. Over the past couple of years, chemical 

constituents present in propolis have been consistently 

updated, and several new chemical compounds have 

been discovered. The substances that make up propolis 

can be complex, and to date, more than 420 compounds 

with variable biological activities have been identified in 

different propolis samples (6, 7). 

The effective role of propolis obtained from different 

regions against several honeybee diseases, including 

AFB and EFB, has been reported. The antibacterial 

activity of propolis against AFB was illustrated by 

Lindenfelser as early as the 1960s. This researcher 

screened 15 different propolis samples from the USA 

against P. larvae and concluded that all 15 samples 

were able to inhibit the growth of this bacteria at the 

concentrations of 100 µg/mL (8). However, in this 

study, for the very first time, we report the antibacterial 

efficacy of Iranian propolis extracts obtained from 

geographically different areas of Iran against AFB and 

EFB diseases under in vitro conditions. Additionally, to 

the best of our knowledge, this is the first report which 

describes the synergistic antibacterial actions of 

propolis extracts against the mentioned honeybee 

diseases.  

2. Materials and Methods 

2.1. Bacterial Cultures and Growth Conditions 

Bacterial cultures, including P. larvae (CIP 104052) 

and M. plutonius (CIP 104618), were obtained from the 

Pasteur Institute, France. P. larvae was cultivated in 

MYPGP medium at 37ºC with the addition of 5% CO2, 

while M. plutonius was cultivated in the modified basal 

agar MBA (9) under micro-aerobic conditions using an 

atmosphere generation system (Oxoid Anaerobic Jar, 

Thermo Fisher Scientific, USA). For long-term 

preservation, the pure bacteria culture suspension was 

frozen in microtubes at -80ºC with 20% v/v glycerol. 

2.2. Propolis Sampling 

Four different raw propolis samples obtained from 

honeybees belonging to common A. mellifera species 

were studied during the present study. The samples 

were collected from local beekeepers in four 

geographically distinct regions in Iran (including 

Hamedan, Khorram Abad, Karaj, and Damavand) 

during April and May 2020. All samples were 

transported to the laboratory, wrapped tightly in 

aluminum foils, and kept at -20ºC until use.  

2.3. Extraction of Propolis Samples 

The frozen raw propolis samples were initially 

ground, and 10 g of powdered samples from each 

propolis was poured into 500 mL glass flasks 

containing 100 mL of 70% ethanol. The samples were 

stirred on a shaker for 48 h at room temperature in a 

dark place. The suspension was filtered using the 

Whatman No. 4 filter paper and later evaporated using 

the Rotary evaporator (Heidolph, Laborota 4000, 

Germany) at 40ºC for approximately one to two hours. 

All samples were stored in the dark at -20ºC until use.  

2.4. Antibacterial Activity of Phenolic Extracts  

The antibacterial activity of the prepared propolis 

extracts against P. larvae and M. plutonius was 
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determined by the agar well diffusion assay. An 

overnight bacterial suspension of the pathogens (106 

cfu/mL) was spread evenly on the surface of agar plates 

with a sterile cotton swab. The wells were punched into 

the plates using a sterile cork-borer and were then filled 

with 50 µL of propolis extracts (at concentrations of 0.1 

g/mL), and all plates were incubated at 37ºC for 48 h. 

The halo zones appearing around the wells were 

measured and recorded in millimeters.  

2.5. Minimum Inhibitory Concentrations  

The microdilution method (10) was used to determine 

the minimum inhibitory concentration (MIC) values of 

the prepared propolis extracts against P. larvae and M. 

plutonius. Different concentrations of the ethanolic 

propolis extracts (0.05, 0.10, 0.20, 0.40, 0.60, 0.80, and 

1.0 mg/mL) were prepared in microtiter plates in 

respective broth mediums. A total of 10 uL of the 

pathogens (106 cfu/mL) was added to individual wells, 

and the plates were incubated at 37ºC for 48 h. The 

MIC values were defined as the lowest concentration 

that showed no growth. Bacterial cultures in their 

respective broth medium (without propolis extracts) 

were used as the control.  

2.6. Minimum Bactericidal Concentrations  

To determine the minimum bacterial concentration 

(MBC) values of the ethanolic extracts of the propolis, 

the wells in the microtiter plates during the MIC 

determinations, which showed no bacterial growth, 

were plated on MYPGP and then MBA plates. After 

incubation at 37ºC for 48 h, the plates were observed 

for growth. The MBC was defined as the lowest 

concentration of the propolis extracts required to kill 

microorganisms.  

2.7. MIC and MBC of Mixed Propolis Extracts 

Synergistic antibacterial effects of the propolis were 

determined by mixing the selected propolis extracts in 

equal proportions (1:1:1:1) and determining the MIC 

and MBC against the mentioned bacterial strains by 

microdilution methods described above. All tests were 

run in triplicate to ensure the reproducibility of the 

results. 

2.8. Statistical Analysis 

A two-way analysis of variance was used to evaluate 

the relationship between the diameters of the inhibition 

zones against the used bacterial pathogens and the 

propolis samples. The significance level was set at 

P<0.05. The analysis of variance was performed using 

the Origin software (version 8.0, OriginLab Corp, 

USA).  

3. Results 

The prepared propolis extracts showed variable limits 

of antibacterial actions against the honeybee pathogens 

used in this study. As seen in figure 1, both bacterial 

pathogens were inhibited by the used propolis extracts. 

Although the effects were more pronounced against M. 

plutonius, compared to P. larvae, the differences were 

not statistically significant (P˃0.05). Figure 2 also 

shows the antibacterial action of propolis extracts 

against M. plutonius by the agar well diffusion assay. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 1. Antibacterial effects of four different propolis 

extracts (individually and mixed) against P. larvae and M. 

plutonius as evaluated by their inhibitory zone diameters by 

agar well diffusion assay 

 

 

Figure 2. Antibacterial action of propolis extract against M. 

plutonius by agar well diffusion assay 
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Among the tested propolis samples, the P4 samples 

obtained from Damavand, Iran, did not show 

significant antibacterial effects against the indicator 

organisms and were thus omitted from further analysis. 

Table 1 illustrates the MIC values of the propolis 

extracts against the bacterial indicator organisms used 

in this study. According to the obtained results, the P3 

propolis samples obtained from Karaj, Iran, were most 

effective against the two pathogens, compared to the 

other two propolis samples. The MIC values for P3 

against P. larvae and M. plutonius were 0.20 and 0.10 

mg/mL, respectively (P˃0.05), while these values were 

slightly higher in the other two propolis samples. The 

MBC values for the propolis extracts used in this study  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

are shown in table 2. Based on the results, higher 

concentrations of propolis were required to kill the 

pathogens as their MBC values were higher than their 

MIC values (P˂0.05). In the P3 samples, the MBC 

values were lower than those in the other two propolis 

samples. The P1 samples appeared to be least effective 

in killing these pathogens, and their MBC values were 

significantly higher (0.80 mg/mL) than P2 (0.60 

mg/mL) and P3 (0.20 mg/mL) samples, respectively. 

As can be seen in table 3, when the propolis extracts 

were mixed in equal proportions, the MIC and MBC 

values against both pathogens decreased to 0.10 mg/mL 

(P˂0.05), showing the synergistic antibacterial actions 

of the three different propolis extracts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. MIC of propolis extracts against P. larvae and M. plutonius 

 

P3 P2 P1 Propolis extract 

(mg/mL) M. plutonious P.  larvae M. plutonious P.  larvae M. plutonious P.  larvae 

+ve +ve +ve +ve +ve +ve 0.05 
+ve +ve +ve +ve +ve +ve 0.10 
+ve +ve +ve +ve +ve +ve 0.20 
-ve -ve -ve +ve -ve +ve 0.40 
-ve -ve -ve -ve -ve -ve 0.60 
-ve -ve -ve -ve -ve -ve 0.80 
-ve -ve -ve -ve -ve -ve 1.00 

 

P1: propolis extract from Khoramabad; P2: propolis from Hamedan and P3: propolis extract from Karaj. +ve: growth recoded; -ve: no-

growth recorded 

Table 2. MBC of propolis extracts against P. larvae and M. plutonius 

 

P3 P2 P1 Propolis extract 

(mg/mL) M. plutonious P.  larvae M. plutonious P.  larvae M. plutonious P.  larvae 

+ve +ve +ve +ve +ve +ve 0.05 
+ve +ve +ve +ve +ve +ve 0.10 
+ve +ve +ve +ve +ve +ve 0.20 
-ve -ve +ve +ve +ve +ve 0.40 
-ve -ve +ve +ve +ve +ve 0.60 
-ve -ve -ve -ve +ve +ve 0.80 
-ve -ve -ve -ve -ve -ve 1.00 

 

P1: propolis extract from Khoramabad; P2: propolis from Hamedan and P3: propolis extract from Karaj. +ve: growth recoded; -ve: no-

growth recorded 

Table 3. MIC and MBC values of mixed propolis extracts against P. larvae and M. plutonius 

 

M. plutonious P.  larvae Mixed Propolis 

(mg/mL) MBC MIC MBC MIC 

+ve +ve +ve +ve 0.05 
+ve +ve +ve +ve 0.10 
-ve -ve -ve -ve 0.20 
-ve -ve -ve -ve 0.40 
-ve -ve -ve -ve 0.60 
-ve -ve -ve -ve 0.80 
-ve -ve -ve -ve 1.00 

P1: propolis extract from Khoramabad; P2: propolis from Hamedan and P3: propolis extract from Karaj. +ve: growth recoded; -ve: no-

growth recorded 
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4. Discussion 

An essential property of propolis, regardless of its 

origin, is its marked antibacterial, antiviral, 

antiparasitic, and antifungal activity (11, 12). In a study 

conducted by Veiga, De Mendonca (13), poplar 

propolis was shown to possess antibacterial effects 

against both Gram-positive and Gram-negative 

microorganisms. The antibacterial mechanisms of 

propolis include the inhibition of cell division, the 

collapse of microbial cytoplasm cell membranes and 

cell walls, the inhibition of bacterial motility, enzyme 

inactivation, bacteriolysis, and protein synthesis 

inhibition (14, 15). The multi-target antibacterial 

actions of propolis have made it a naturally active 

biological agent of great interest to researchers who 

search for alternative approaches to avoid the use of 

antibiotics and overcome drug resistance in 

microorganisms. Several extraction procedures have 

been used to evaluate the active chemical and 

biological components of propolis extracts, including 

ethanolic or aqueous extracts (8, 16). However, 

ethanolic extraction has been reported to be a more 

suitable procedure for the extraction of the majority of 

active components in propolis samples (14, 17). 

Therefore, in this study, we utilized ethanolic extraction 

procedures and evaluated the antibacterial activity of 

the samples against the two most important bacterial 

agents responsible for economically devastating 

honeybee diseases.   

Several pathogens are known to weaken or lead to the 

collapse of honeybee colonies (18), among which AFB 

caused by the spore-forming Gram-positive 

bacterium P. larvae and EFB caused by Gram-positive 

bacterium M. plutonius are the main bacterial infections 

that affect honeybees’ health by impairing their larval 

development (19, 20). In the present study, the selected 

propolis samples showed significant antibacterial 

effects against the growth of P. larvae and M. 

plutonius, with significant differences in the strength of 

activity in P1, P2, and P3, compared to P4 samples. 

The lower biological activity seen in the P4 samples, 

compared to other samples in the study, could be due to 

the low concentrations of active compounds present in 

the P4 propolis extracts. Moreover, the findings have 

shown that the strength of the antimicrobial activity of 

different propolis samples could differ based on the 

nature of the specific substances in each sample (17). 

The antibacterial actions of different propolis extracts 

against P. larvae and M. plutonius have been reported 

earlier by several other researchers (21, 22). 

The antibacterial activity of the Iranian propolis 

samples against the mentioned pathogens was 

determined by the MIC assay. Different propolis 

extracts are reported to have different MIC and MBC 

values against pathogens depending on the procedure 

of extraction, geographical regions from which they 

were collected, and most importantly, the cell 

membrane of the respective pathogen. Variations in the 

biological activity of different propolis indirectly reflect 

the concentrations of the extracted biologically active 

substances, such as phenolic acid esters and flavonoids 

(pinocembrin and galangin) (23, 24). However, a 

synergistic action among the various active ingredients 

in propolis samples is believed to be the main factor in 

achieving the complex antimicrobial activity in this 

natural honeybee product (25). The results of our study 

indicated that concentrations of lower than 1 mg/mL 

are effective to inhibit and kill the studied pathogens 

and thus might be economical for use as biological 

agents to control AFB and EFB diseases in honeybees. 

The lower MIC and MBC values recorded mainly in P3 

samples procured from Karaj, Iran, might indicate the 

higher percentage of galangin in these samples, 

compared to the other three propolis samples. 

Similarly, other researchers have also shown that low 

doses of propolis samples are effective against various 

Gram-positive and Gram-negative bacteria. Seidel, 

Peyfoon (26) showed that the MICs of propolis 

collected from North America, South America, and 

Europe range from 0.125 to 0.5 mg/mL, while the 

MICs of the samples of African and Asian origin range 

from 0.08 to >0.5 mg/mL. 
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In this study, for the very first time, we showed the 

synergistic antibacterial actions of propolis samples in 

combinations. The observed synergistic antibacterial 

effects might be due to the variable concentrations of 

different biologically active components present in 

each sample and the synergistic interactions among 

these active components, which result in enhanced 

activity (27). The mixed propolis samples showed that 

0.1 mg/mL of the sample is effective enough to kill the 

respective pathogens.  

In conclusion, our study is indicative of the 

antibacterial actions of the ethanol propolis extracts 

against P. larvae and M. plutonius. The synergistically 

enhanced activity of the propolis extracts was observed 

when all four propolis extracts were used in equal 

proportions. To the best of our knowledge, this is the 

first report that states the synergistic antibacterial 

actions of three propolis samples active against the 

bacterial agents responsible for AFB and EFB diseases 

in honeybees. Further investigations are in progress for 

evaluating the chemical components in these propolis 

samples and determining their role in antibacterial 

actions. 
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