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Abstract: Currently, there is a global interest in propolis research due to its various biological activities. 

In vitro methods are useful for preliminary investigation of the antibacterial activity of propolis extracts. 

The disk diffusion method and broth macrodilution method recommended by the Clinical and Laboratory 

Standards Institute were used in this study, with some modifications, to evaluate the antibacterial activity 

of propolis. Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853 and 

Streptococcus pneumoniae ATCC 49619 were used. A standardized extract of Brazilian propolis (EPP-

AF) was evaluated. The methods were precise and showed 100% accuracy. Gram positive bacteria were 

more sensitive to EPP-AF than Gram negative bacterium. The validations demonstrated that the disk 
diffusion method and broth macrodilution method are appropriate for the evaluation of the antibacterial 

activity of propolis extracts. Therefore, the methodologies validated in this study may be useful tools in 

propolis research. 
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1. Introduction 

 

Propolis has been widely used in many parts of 

the world since ancient times. Egyptians 

employed propolis to embalm their dead. Greek 

and Roman physicians used propolis as an 

antiseptic and cicatrizant agent (Sforcin & 

Bankova, 2011). Currently, because of its 
biological activities, propolis is extensively used 

as a popular remedy to treat a variety of 

ailments. 

 

Propolis is a resin collected by the bee Apis 

mellifera from the branches, flowers, pollen, 

buds and exudates of trees, to which the bees 

add enzymes and salivary secretions. The global 

interest in research into propolis is mainly due 

to its diverse biological activities, such as 

antibacterial (Bruschi et al., 2006; Jorge et al., 

2008; Koo et al., 2000; Kouidhi et al., 2010; 
Ordóñez et al., 2011), antifungal (Bruschi et al., 

2006; Cardoso et al., 2010; Dota et al., 2011), 

antiviral (Urushisaki et al., 2011; Shimizu et al., 

2011), antioxidant (Souza et al., 2007), anti-

inflammatory, healing activities (Gregory et al., 

2002), among others. 

 

The biological properties of propolis are linked 

to its chemical composition, which varies with 

the flora of the region visited by the bees and 

the collection period of the resin. This means 
that the propolis samples collected in different 

regions of the world and during different 

seasons may have distinct biological properties 

and chemical compositions. Due to this, 

research is needed that evaluates the chemical 

composition of propolis and its biological 

activities. Validated methodologies may be 

useful tools in this research. 

 

In vitro methods are useful for preliminary 

investigation of the activities of propolis. There 

are several laboratory methods that can be used 
to evaluate the antibacterial activity of 

antimicrobial agents. Among the standard 

reference methodologies, there are those 
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recommended by the Clinical and Laboratory 

Standards Institute (CLSI). In the document 

M02-A10, the CLSI describes standard 

techniques of disk diffusion in agar used to 

determine the in vitro sensitivity of bacteria to 

antimicrobial agents (Clinical and Laboratory 

Standards Institute, 2009a). In the document 

M07-A8, the CLSI describes methods for the 

determination of minimum inhibitory 

concentrations (MICs) of aerobic bacteria by 

broth macrodilution, broth microdilution, and 
agar dilution (Clinical and Laboratory Standards 

Institute, 2009b). 

 

The disk diffusion method and broth 

macrodilution method recommended by the 

CLSI were used in this study, with some 

modifications, to evaluate the antibacterial 

activity of propolis, since these methodologies 

need to be validated to evaluate natural products 

due to peculiarities of them. 

 

2. Materials and Methods  

 

2.1 Microorganisms 

The following microorganisms were used: 

Staphylococcus aureus ATCC 25923, 

Pseudomonas aeruginosa ATCC 27853 and 

Streptococcus pneumoniae ATCC 49619. 

 

2.2 Propolis extract 

In this study, a standardized extract of propolis 

(EPP-AF, batch 010/08) was used. The extract 
was standardized using propolis from several 

Brazilian sites (Apis Flora, Ribeirão Preto-SP, 
Brazil - patent number PI 0405483-0, which 

was published in the Revista de Propriedade 

Industrial No. 1778 of 01/02/2005). The extract 

of propolis was chemically characterized in a 

previous study by our group (Berretta et al., 

2012). 

 

2.3 Validation of the disk diffusion method 

The equipment used during the validation was 

calibrated and within the period of validity of 

the calibration. 
 

The S. aureus and P. aeruginosa were grown on 

Mueller Hinton agar (Difco, Detroid, MI, USA) 

and incubated at 35 ± 2°C aerobically for 24 h. 

The S. pneumoniae was inoculated on Mueller 

Hinton agar with 5% sheep blood (Plast Labor, 

Rio de Janeiro-RJ, Brazil) and incubated at 35 ± 

2°C in 5% CO2 for 24 h. 

 

After the incubation period, an inoculum was 

prepared in a sterile, 0.85% physiological 

solution, with turbidity equivalent to a 0.5 

McFarland standard (approximately 108 

CFU/ml). The turbidity was measured by 

spectrophotometer (Biospectro SP-22, China) at 

a wavelength of 625 nm. A sterile cotton swab 

was dipped into the suspension, spun several 

times and pressed firmly against the inner wall 

of the tube, above the liquid level, in order to 

remove any excess inoculum from the swab. 

 

The swab containing the suspension was spread 
over the surface of agar contained in a plate 

(90x15 mm). The procedure was repeated twice 

to ensure even distribution of inoculum. Mueller 

Hinton agar was used in the test with S. aureus 

and P. aeruginosa. For S. pneumoniae Mueller 

Hinton agar with 5% sheep blood was used. 

 

Paper disks (Laborclin, Pinhais-PR, Brazil) 

were placed in a sterile flask containing 5 ml of 

EPP-AF, for 5 min. Following this, the soaked 
disks were removed using forceps, gently 

pressed on the wall of the flask in order to 
remove any excess solution and applied to the 

agar surface. Each disk was pressed down, so as 

to ensure complete contact with the surface of 

the agar.  

 

For the accuracy test, the following disks of 

antimicrobial agents were evaluated: disk 

containing 1 g of oxacillin (Cefar, São Paulo-
SP, Brazil) (for S. aureus and S. pneumoniae) 

and disk containing 10 g of gentamicin (Cefar, 
São Paulo-SP, Brazil) (for P. aeruginosa). 

 

The plates of S. aureus were incubated at 35 ± 

2°C aerobically for 24 h. The plates of P. 

aeruginosa were incubated at 35 ± 2°C 
aerobically for 18 h. The plates of S. 

pneumoniae were incubated at 35 ± 2°C in 5% 

CO2 for 24 h. After the incubation period, the 

diameters of the zones of inhibition were 

measured using a ruler. 

 

The experiments were replicated five times for 

each of the three microorganisms. 

The accuracy of the method was calculated 

according to the equation below: 

        Accuracy = experimental diameter x 
100 

                             theoretical diameter 

 

To determine the precision of the method, the 

diameters of the zones of inhibition in tests with 

the EPP-AF (analyst 1) were measured and the 

relative standard deviation (RSD) was 

calculated according to the equation below: 
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        RSD = standard deviation x 100 

                              mean 

To determine the intermediate precision, a 

second analyst (analyst 2) performed the 

method. The difference between the mean of the 

results of both analysts was calculated 

according to the equation below: 

        Difference between the mean = IUi – 

XiI x 100 

                                                                Ui 

Where Ui is the mean of the results of analyst 1 
and Xi is the mean of the results of analyst 2. 

The specificity was demonstrated by the growth 

of the microorganisms in appropriate media: 

Mueller Hinton agar was used in the test with S. 

aureus and P. aeruginosa. Mueller Hinton agar 

with 5% sheep blood was used in the test with 

S. pneumoniae. 

 

2.4 Validation of the broth macrodilution 

method 

The S. aureus and P. aeruginosa were grown on 
Mueller Hinton agar and incubated at 35 ± 2°C 

aerobically for 24 h. The S. pneumoniae was 

inoculated on Mueller Hinton agar with 5% 

sheep blood and incubated at 35 ± 2°C in 5% 

CO2 for 24 h. 

 

After the incubation period, an inoculum was 

prepared in a sterile, 0.85% physiological 

solution, with turbidity equivalent to a 0.5 

McFarland standard (approximately 108 

CFU/ml). The turbidity was measured by 
spectrophotometer at a wavelength of 625 nm. 

The suspension was ten-fold diluted in the 

culture medium (dilutions ranging from 1:10 to 

1:100) to give an inoculum of approximately 

106 CFU/ml. Mueller Hinton broth (Difco, 

Detroid, MI, USA) was used in the test with S. 

aureus and P. aeruginosa. For S. pneumoniae 

Mueller Hinton broth supplemented with 5% 

lysed horse blood (Ebefarma Biológica e 

Agropecuária, Cachoeiras de Macacu-RJ, 

Brazil) was used. 

 
Samples were serially diluted in test tubes 

(13x100 mm) with 1 ml of culture medium. 

After dilutions were made, 1 ml of microbial 

suspension (106 CFU/ml) was added to each 

tube. The final inoculum concentration in each 

test tube was of approximately 5x105 CFU/ml. 

The final dry propolis extract concentrations 

ranged from 0.85 to 55 mg/ml, for the tests with 

EPP-AF®. 

 

For the accuracy test, the following antimicrobial 
agents were evaluated: tetracycline (Inlab, 

Diadema-SP, Brazil) (for S. aureus and S. 

pneumoniae) and gentamicin (Inlab, Diadema-

SP, Brazil) (for P. aeruginosa). The final 

concentrations of tetracycline and gentamicin 

ranged from 0.06 to 32 g/ml. 
 

Control tubes consisted of the culture medium (1 

ml) plus microbial inoculum (1 ml) or culture 

medium alone (2 ml); these controls were used 

as growth and sterility controls, respectively.  

 

Test and control tubes were incubated 
aerobically at 35 ± 2°C for 20 h (S. aureus and P. 

aeruginosa) or 24 h (S. pneumoniae). 

 

After the incubation period, the MIC of 

tetracycline and gentamicin was determined. 

Because of the turbidity that occurred in test 

broth when EPP-AF® was diluted in the culture 

medium, it was not possible to determine the 

MIC. Therefore, the antimicrobial activity of the 

EPP-AF® was assessed by means of the 

minimum bactericidal concentration (MBC), 

which was determined by subculturing 20 l 

aliquots from each tube in the broth dilution 
series onto agar plates. Mueller Hinton agar was 

used in the test with S. aureus and P. aeruginosa. 

For S. pneumoniae Mueller Hinton agar with 5% 

sheep blood was used. The plates of S. aureus 

and P. aeruginosa were incubated at 35 ± 2°C 

aerobically for 24 h. The plates of S. pneumoniae 

were incubated at 35 ± 2°C in 5% CO2 for 24 h. 

After the incubation period, the MBC was 

determined. It was defined as the lowest 

concentration of the sample required to kill the 

microorganism being tested. 
The experiments were replicated five times for 

each of the three microorganisms. 

     The accuracy of the method was calculated 

according to the equation below: 

        Accuracy = experimental MIC x 100 

                            theoretical MIC 

To determine the precision of the method, the 

MBC of EPP-AF (analyst 1) was determined 
and the RSD was calculated. 

To determine the intermediate precision, a 

second analyst (analyst 2) performed the 

method. The difference between the mean of the 

results of both analysts was calculated. 
The specificity was demonstrated by the growth 

of the microorganisms in appropriate media: 

Mueller Hinton broth was used in the test with 

S. aureus and P. aeruginosa. Mueller Hinton 

broth supplemented with 5% lysed horse blood 

was used in the test with S. pneumoniae. 

          

3. Results 
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The accuracy of the disk diffusion method was 

100% in the five replicates for all 

microorganisms (Table 1). In the determination 

of the precision of the method, the RSD was 

less than 15% for all microorganisms (Table 2). 

The results obtained by analyst 1 (Table 2) and 

analyst 2 (Table 3) were evaluated for the 

determination of the intermediate precision. The 

difference between the mean of the results of 

analyst 1 and analyst 2 was less than 15% for 

the three microorganisms (Table 4). 
 (Table 1) 

(Table 2) 

(Table 3) 

(Table 4) 

In the evaluation of the specificity of the disk 

diffusion method, all microorganisms grew in 

the appropriate culture media. S. aureus and P. 

aeruginosa grew on Mueller Hinton agar in the 

five replicates. S. pneumoniae, in turn, grew on 

Mueller Hinton agar with 5% sheep blood in all 

replicates. 
The accuracy of the broth macrodilution method 

was 100% in the five replicates for all 

microorganisms evaluated (Table 5). 

 (Table 5) 

In the determination of the precision of the 

broth macrodilution method, the RSD was 0% 

for all microorganisms (Table 6). The results 

obtained by analyst 1 (Table 6) and analyst 2 

were evaluated for the determination of the 

intermediate precision. The difference between 

the mean of the results of analyst 1 and analyst 
2 was 0% for the three microorganisms (Table 

7). 

In the evaluation of the specificity of the broth 

macrodilution method, all microorganisms grew 

in the appropriate culture media. 

 (Table 6) 

 (Table 7) 

 

4. Discussion 

This study used three different microorganisms: 

a Gram positive (S. aureus ATCC 25923), a 

Gram negative (P. aeruginosa ATCC 27853) 
and a fastidious (S. pneumoniae ATCC 49619), 

which is also Gram positive. These ATCC 

strains were chosen because they are among the 

quality control strains suggested by the CLSI 

(Clinical and Laboratory Standards Institute, 

2011) used to monitor the accuracy of the disk 

diffusion method and broth macrodilution 

method. 

 

The document M02-A10 of the CLSI (Clinical 

and Laboratory Standards Institute, 2009a) 
describes standard disk diffusion techniques 

used to determine the in vitro sensitivity of 

bacteria to antimicrobial agents. However, this 

methodology is used to evaluate only the 

antimicrobial agents present in paper disks 

available commercially.  The present study used 

the standard disk diffusion techniques 

established by the CLSI, with some 

modifications, to evaluate the antibacterial 

activity of propolis. Paper disks were placed in a 

sterile flask containing 5 ml of EPP-AF for 5 
min. This period was sufficient for the paper 

disk to absorb the extract of propolis. Next, each 
soaked disk was withdrawn from the flask with 

the aid of forceps and gently pressed against the 

wall of the flask in order to remove excess 

extract from the disk. Each disk was applied to 

the culture medium surface and pressed so as to 

ensure complete contact of the disk with the 

surface of the medium. 

 

In the study by Bruschi et al. (2006), the 

antimicrobial activity of propolis was 

determined by agar diffusion using the well 
technique. This technique uses a double layer of 

agar system (Grove & Randall, 1955). Twenty-

five ml of BHI agar (base layer) were placed in 

a Petri dish (125x25 mm). After solidification of 

the culture medium, 12.5 ml of BHI agar (50°C) 

mixed with 2.5 ml microorganism suspension 

(seed layer) were added. After solidification, the 

culture medium was pierced with a sterile 

stainless steel cylinder (internal diameter of 4 

mm), in order to form wells where the samples 

were applied. The plates were pre-incubated for 

2 h at room temperature to allow the spread of 
the samples in the agar. Then they were 

incubated at 37°C for 24 to 48 h. After the 

incubation period, the zones of inhibition 

around the wells were measured (mm). 

 

Koo et al. (2000) also evaluated the 

antimicrobial activity of propolis using the well 

technique. As with the disk diffusion method, 

the results of the well technique are the 

diameters (mm) of inhibition zones, as both 

methods have as a principle the diffusion of the 
sample in agar. The advantage of the disk 

diffusion method is that it is faster and easier to 

perform. 

 

The document M07-A8 of the CLSI (Clinical 

and Laboratory Standards Institute, 2009b) 

describes standard dilution techniques used to 

determine the MIC of antimicrobial agents. The 

broth macrodilution method recommended by 

the CLSI was used in this study, with some 

modifications, to evaluate the antibacterial 
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activity of propolis and determine the MBC. 

 

Some researchers evaluated the antimicrobial 

activity of propolis using the broth 

microdilution method (Jorge et al., 2008; 

Kouidhi et al., 2010; Ordóñez et al., 2011). This 

method uses a small quantity of culture 

medium, sample and microbial inoculum 

because it is carried out in microplates (96-

well). The disadvantage of the microdilution 

method is that, due to small quantity of material, 
there is a big probability of errors during the 

dilution. In the broth macrodilution method, this 

probability is lesser, as it uses a bigger quantity 

of material than the microdilution method. 

  

The accuracy represents the systematic error, 

which is the difference between the expected 

value and the value obtained. Therefore, for the 

accuracy test of the disk diffusion method, 

antimicrobial agent disks which are described in 

the tables of the CLSI (Clinical and Laboratory 
Standards Institute, 2011) were used. These 

tables give the acceptable limits of the diameters 

of the zones of inhibition of each antimicrobial 

agent disk for each quality control strain. These 

values (theoretical diameters) were compared 

with the values obtained in this study 

(experimental diameters) for the calculation of 

accuracy. For example, for S. aureus ATCC 

25923, the diameter of the zone of inhibition 

should be 18 to 24 mm in the test with the disk 

of 1 g of oxacillin (Clinical and Laboratory 
Standards Institute, 2011).  For all the 

microorganisms studied, the experimental 
diameters were within acceptable limits 

(theoretical diameters). 

 

The CLSI also describes the acceptable limits of 

the MICs obtained in tests with quality control 

strains. These values were used in this study as 

theoretical MICs for the test of accuracy of the 

broth macrodilution method. The MICs 

obtained in this study (experimental MICs) were 

compared with the theoretical MICs described 

by CLSI (Clinical and Laboratory Standards 
Institute, 2011). For all the microorganisms 

evaluated, the experimental MICs were within 

acceptable limits. 

 

The precision of microbiological methods is 

usually measured by standard deviation (SD) or 

RSD, the last of which shall be a maximum of 

15% to 35% (United States Pharmacopeia, 

2009). Therefore, the RSD values obtained by 

analyst 1 were within the acceptance criteria in 

the disk diffusion method and broth 

macrodilution method. 

 

The intermediate precision aims to analyze the 

structural variations intrinsic to the laboratory 

and its influence on the final results of the 

analytical process. Therefore, the methods were 

performed by different analysts to determine 

their degree of precision. In the tests with the 

three microorganisms, the results obtained by 

both analysts were precise in both methods. In 

the broth macrodilution method, the difference 
between the mean of the results of analyst 1 and 

analyst 2 was 0% for the three microorganisms, 

i.e., the means of the results of both analysts 

were identical. 

 

The specificity represents the ability of the 

method to be specific for the analysis of the 

microorganism in question. The specificity was 

demonstrated by the growth of the 

microorganisms in the appropriate media. 

Mueller Hinton agar is considered the best 
culture medium for routine tests of sensitivity 

against non-fastidious bacteria (Clinical and 

Laboratory Standards Institute, 2009a) such as 

S. aureus and P. aeruginosa. For fastidious 

bacteria, other culture media are used. For 

example, for S. pneumoniae and other 

streptococci, Mueller Hinton agar supplemented 

with 5% defibrinated sheep blood (Clinical and 

Laboratory Standards Institute, 2009a) is 

recommended. In the broth macrodilution 

method, Mueller Hinton broth is considered the 
best culture medium for tests of sensitivity 

against non-fastidious bacteria. For S. 

pneumoniae and other streptococci, Mueller 

Hinton broth supplemented with 5% lysed 

defibrinated horse blood (Clinical and 

Laboratory Standards Institute, 2009b) is 

recommended. 

 

In this study, Gram positive bacteria (S. aureus 

ATCC 25923 and S. pneumoniae ATCC 49619) 

were more sensitive to EPP-AF than Gram 
negative bacterium (P. aeruginosa ATCC 

27853). In a study by Jorge et al. (2008), 
Brazilian propolis samples were efficacious 

against Gram positive bacteria (S. aureus and 

Kocuria rhizophila), however, none of the 

samples was active against P. aeruginosa and 

Escherichia coli. 

 

Since the beginning of propolis research, several 

groups have studied its antimicrobial properties. 

These properties are linked to its chemical 

composition, which varies with the flora of the 

region visited by the bees and the collection 
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period of the resin. For example, propolis 

samples from South America, Europe, and Asia 

have different chemical compositions. In Brazil, 

propolis from different geographical regions has 

different chemical compositions, due to 

diversity of plant species (Jorge et al., 2008). 

Therefore, research is needed that evaluates the 

chemical composition of propolis and its 

biological activities for the standardization of 

propolis and development of new drugs. 

Validated methodologies may be useful tools in 
this research. 

 

In vitro methods are useful for preliminary 

investigation of the antibacterial activity of 

propolis extracts. The disk diffusion method is 

an excellent method to carry out a screening of 

different samples of propolis. After the 

screening, the best samples may be evaluated by 

the broth macrodilution method to determine the 

MBC. 

 

5. Conclusions  
In this study, Gram positive bacteria were more 

sensitive to EPP-AF than Gram negative 
bacterium. The validations of the methodologies 

were assured by running tests of accuracy, 

precision, intermediate precision and specificity. 

The results of these tests were within the 

acceptance criteria. Therefore, the validations 

showed that the disk diffusion method and broth 

macrodilution method are appropriate for the 

evaluation of the antibacterial activity of 

propolis extracts. The methodologies validated 

in this study may be useful tools in propolis 
research. 
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Table 1. Determination of the accuracy of the disk diffusion method 

Disk Microorganism Assay Theoretical 

diameter 

(mm) 

Obtained 

diameter 

(mm) 

Accuracy 

(%) 

1 g of oxacillin S. aureus 

ATCC 25923 

1 18-24 22 100 

2 21 100 

3 21 100 

4 22 100 

5 21 100 

10 g of 

gentamicin 
 

 

P. aeruginosa 

ATCC 27853 

1 16-21 21 100 

2 21 100 

3 21 100 

4 21 100 

5 20 100 

1 g of oxacillin S. pneumoniae 

ATCC 49619 

 

1 ≤ 12 12 100 

2 12 100 

3 11 100 

4 12 100 

5 12 100 

 

 

 
 

 

 

 

 

Table 2. Determination of the precision of the disk diffusion method in the evaluation of antibacterial 

activity of a standardized extract of propolis (analyst 1) 

Microorganism Assay Analyst 1 

 Diameter 

(mm) 

Mean Standard 

deviation 

RSD* 

(%) 

S. aureus 

 

1 11 10.6 0.55 5.16 

2 10 

3 11 
4 11 

5 10 

P. aeruginosa  1 7 6.2 0.45 7.21 

2 6 

3 6 

4 6 

5 6 

S. pneumoniae  

 

1 11 11.2 0.45 3.99 

2 11 

3 11 

4 12 

5 11 
*RSD: relative standard deviation 
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Table 3. Determination of the precision of the disk diffusion method in the evaluation of antibacterial 

activity of a standardized extract of propolis (analyst 2) 

Microorganism Assay Analyst 2 

Diameter 

(mm) 

Mean Standard 

deviation 

RSD* 

(%) 

S. aureus 

 

1 11 11 0 0 

2 11 

3 11 

4 11 

5 11 

P. aeruginosa  1 6 6 0 0 

2 6 
3 6 

4 6 

5 6 

S. pneumoniae  

 

1 11 11.2 0.45 3.99 

2 11 

3 11 

4 11 

5 12 
*RSD: relative standard deviation 

 

Table 4. Difference between the mean of the results of analyst 1 and analyst 2 for the determination of the 

intermediate precision of the disk diffusion method in the evaluation of antibacterial activity of a 

standardized extract of propolis 

Microorganism Mean of the results 
of Analyst 1 

Mean of the results 
of Analyst 2 

Difference between the 
means of the results of the 

analysts (%) 

S. aureus 10.6 11 3.77 

P. aeruginosa 6.2 6 3.22 

S. pneumoniae 11.2 11.2 0 

 

 

Table 5. Determination of the accuracy of the broth macrodilution method 

Antimicrobial 

agent 

Microorganism Assay Theoretical 

MIC 

(g/ml) 

Obtained  

MIC 

(g/ml) 

Accuracy 

(%) 

Tetracycline S. aureus 

ATCC 25923 

1 ≤ 4 0.25 100 

2 0.25 100 

3 0.25 100 

4 0.25 100 

5 0.25 100 

Gentamicin 
 

 

P. aeruginosa 
ATCC 27853 

1 ≤ 4 0.25 100 
2 0.25 100 

3 0.25 100 

4 0.25 100 

5 0.25 100 

Tetracycline S. pneumoniae 

ATCC 49619 

 

1 ≤ 2 0.25 100 

2 0.25 100 

3 0.25 100 

4 0.25 100 

5 0.25 100 
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Table 6. Determination of the precision of the broth macrodilution method in the evaluation of 

antibacterial activity of a standardized extract of propolis (analyst 1) 

Microorganism Assay Analyst 1 

MBC 

(% dry propolis extract) 

Mean Standard 

deviation 

RSD* 

(%) 

S. aureus 

 

1 0.34 0.34 0 0 

2 0.34 

3 0.34 

4 0.34 

5 0.34 

P. aeruginosa  1 1.37 1.37 0 0 

2 1.37 
3 1.37 

4 1.37 

5 1.37 

S. pneumoniae  

 

1 0.17 0.17 0 0 

2 0.17 

3 0.17 

4 0.17 

5 0.17 
*RSD: relative standard deviation 

 

 

 

 
 

 

Table 7. Difference between the mean of the results of analyst 1 and analyst 2 for the determination of the 

intermediate precision of the broth macrodilution method in the evaluation of antibacterial activity of a 

standardized extract of propolis 

Microorganism Mean of the results 

of Analyst 1 

Mean of the results 

of Analyst 2 

Difference between the 

means of the results of the 

analysts (%) 

S. aureus 0.34  0.34 0 

P. aeruginosa 1.37 1.37 0 

S. pneumoniae 0.17 0.17 0 

 

 

 


