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ABSTRACT 

Propolis from stingless bees is known for its therapeutic activity but the information dealing with antibacterial property of stingless 
bee propolis in Thailand is still limited. This research aimed to determine the antibacterial activity together with its polyphenol and 
flavonoid contents of ethanolic extracts of stingless bee, Tetragonula pagdeni, propolis collected from 4 different geographical areas 
of Thailand. Propolis samples were extracted with ethanol by the maceration method and ethanolic extracts of propolis samples 
(EEP 1-4) were tested against gram-positive Staphylococcus aureus ATCC 25923 and gram-negative Escherichia coli ATCC 25922 
bacteria by the paper disc diffusion assay. Their polyphenol and flavonoid contents were analyzed. The results indicated that 
ethanolic extract of propolis from community forest in Mueang Rayong District, Rayong Province (EEP 4) showed the best 
antibacterial effect against E. coli followed by ethanolic extract of propolis from mixed fruit orchard in Klaeng District, Rayong 
Province (EEP 3). The EEP 3 extract was rich in total polyphenol (70.04 mg Gallic acid equivalent, GAE/g EEP 3) while the highest 
flavonoid content (8.99 mg Catechin equivalent, CE/g EEP) was detected in EEP 4. These results indicated that EEP 4 and EEP 3 
extracts from this study have potential for antibacterial activity in relation to their polyphenol and flavonoid contents. The 
geography is one of the factors influencing the quality of stingless bee propolis in Thailand. 

Keywords: Thailand propolis, Stingless bee, Antibacterial activity, Polyphenol, Flavonoid. 

 
INTRODUCTION 

tingless bee, so called meliponiculture, is one of the 
honey bees belonging to the family Apidae.1 It has 
no functional sting so that it is not danger to its 

intruders such as spiders, flies, wasps, ants and lizards. 
Consequently, it must protect food resources such as 
honey or pollen by sealing holes of the hive with resinous 
substance called propolis obtained by mixture of its own 
body secretion from the salivary glands and resins 
collected from various parts of plant sources.2-4 Propolis is 
a sticky and dark brown resinous material.5 Because of its 
waxy nature and mechanical activities, propolis was used 
by bees for building and repairing its hive, coating the 
internal wall of the hive to prevent against wind and 
rain6,7 and embalming dead organism inside the hive.8 
Nowadays, propolis has increased more interest by 
worldwide people because of its therapeutic activities 
which include antibacterial9-11, antifungal12, antiviral13, 
antimicrobial14,15, antiproliferation16, antioxidant17-19, 
anti-diabetic20, anti-inflammatory21,22, anti-herpes23, 
antiulcer24 and antitumor.25,26 Moreover, propolis can be 
used by humans both internally or externally and showed 
various properties such as a local anesthetic, reducing 
sparms, healing gastric ulcers and strengthening 
capillaries.27,28 

Flavonoid aglycones, phenolic acids and their esters, 
phenolic aldehydes, alcohols and ketones, steroids, 
coumarins, amino acids and inorganic compounds are the 
chemical compounds contained in propolis.29 The 
antimicrobial activity and chemical constituents found in 
the propolis vary depending on the honey bees and 

plants species presenting in different temperature, 
season, collection site, harvesting periods, year and other 
factors.27,30-33 Therefore, the objective of this study is to 
investigate and compare the antibacterial activity and 
their chemical contents of ethanolic extract of 
Tetragonula pagdeni propolis samples harvested from 
different locations of Thailand on Staphylococus aureus 
and Escherichia coli bacteria. The knowledge gained from 
this study not only provides an insight on antibacterial 
property of selected propolis extracts, but also exploites 
as an alternative way to control such bacteria for natural 
and safe antibacterial agent. 

MATERIALS AND METHODS 

Propolis collection 

Propolis samples from stingless bees, Tetragonula 
pagdeni (Schwarz) were collected from 4 different 
environment locations of Thailand in 2015 (Table 1). All 
raw propolis samples were also gathered from different 
parts of the hives and stored in various temperatures 
until extraction process. 

Propolis extraction 

Each raw propolis sample (100 g) (Figure 1) was cut into 
small pieces, ground and macerated in 300 mL of 95% 
ethanol (w/v) at room temperature for 3 days. The 
suspension was filtered to remove rough particles under 
Whatman filter paper No.1. Extraction procedure was 
repeated three times. The filtrate was evaporated to 
dryness under reduced pressure using a rotary 
evaporator to remove the solvent and obtain the ethanol 
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extract of propolis (EEP). The dry extracts were then 
weighted for calculating the yields of extracts (Table 2) 
before they were kept in the refrigerator at 10 °C until 
used for antibacterial activity and chemical 
determination. 

 
Figure 1 (A-D): Raw propolis from stingless bees (A) 
propolis 1 for EEP 1, (B) propolis 2 for EEP 2, (C) propolis 3 
for EEP 3 and (D) propolis 4 for EEP 4 

Antibacterial activity 

Bacterial cultures 

Gram positive (Staphylococcus aureus (ATCC 25923, 
DMST 8840) and Gram negative (Escherichia coli (ATCC 
25922, DMST 4212) bacteria were tested for the 
antibacterial activity of EEP. Both bacteria were obtained 
from the Department of Medical Sciences, Ministry of 
Public Health, Thailand. 

Glycerol stocks of S. aureus and E. coli were streaked on 
nutrient agar (5 g of peptone from meat, 3 g of meat 
extract and 12 g of agar). All cultures were incubated 
aerobically at 37 °C for 24 h. Then, 5 mL of nutrient broth 
(5 g of peptone from meat, 3 g of meat extract) was 
inoculated with a randomly selected single colony of each 
bacterial isolate. The bacterial suspensions were then 
incubated aerobically on a shaker (n-Biotex, INC) at 200 
rpm, 37 °C for 12 h. Each bacterial suspensions was 
adjusted with fresh medium to obtain a 0.5 McFarland 
standard turbidity using a spectrophotometer 
(GeneQuant 1300) at 625 nm. 

Paper disc diffusion assay 

For each bacterial culture, 1 mL of 108 colony forming 
units (CFU) were spread on the surface of nutrient agar 
plate using sterile cell spreader and left to completely dry 
at room temperature. EEP was prepared in 10, 20 and 
50% (w/v) concentrations by dissolving in DMSO. Then, 
20 µL of each test concentration or DMSO (negative 
control) or streptomycin sulphate (200 µg/mL) (positive 
control) was dropped on each sterile paper disk (6 mm 
diameter) and the permeated test disc was then placed 
onto the nutrient agar plate containing one of the 
mentioned bacteria. The plates were incubated 

aerobically at 37 °C for 24 h. Each concentration was 
performed in 10 replications. Antibacterial activity was 
evaluated by measuring the diameters of the clear zone 
(inhibition zoon) developed around the bacterial colony. 
The mean of inhibition zoon was compared using Analysis 
of variance (ANOVA) and Duncan’s Multiple Rang Test 
was considered as the criterion for statistically significant 
by SPSS program version 19 (SPSS Inc.) at p<0.05. 

Determination of total polyphenol and flavonoid 

The total polyphenol and flavonoid contents in EEP 
prepared according to the Folin-Ciocalteu colorimetric 
method.34 For the total polyphenol, 125 µL of EEP was 
mixed with 500 µL of water and 125 µL of Folin reagent. 
After 6 min 1,250 µL of 7% sodium carbonate and 1,000 
µL of water were added to the mixture. The mixture was 
then allowed to stand for 90 min and the absorbance was 
measured at 760 nm using spectrophotometer. The same 
process was repeated for the standard gallic acid solution 
(20-200 µg/mL) to produce a calibration graph. The total 
phenolic content was presented as average of triplicates 
and expressed as the mg of gallic acid equivalents (GAE) 
per g of the EEP. 

For flavonoid content, 125 µL of EEP was mixed with 
1,250 µL of water and 75 µL of 5% sodium nitrite. The 
mixture was allowed to stand for 5 min. Then it was 
added to 150 µl of 10% aluminium chloride and allowed 
to stand for 6 min. Five hundred µL of 1 M sodium 
hydroxide and 275 µL of distilled water were added to the 
mixture. Then, the mixture solution was immediately 
measured for its absorbance at 510 nm. A standard 
calibration graph obtained by repeating the same 
procedure for catechin solution (30-300 µg/mL). The 
flavonoid content, presented as average of 3 readings, 
was expressed as the mg of catechin equivalents (CE) per 
g of the EEP. 

RESULTS AND DISCUSSION 

Antibacterial activity 

The results of the inhibitory effect of ethanolic extract of 
propolis 1-4 samples (EEP 1-4) on S. aureus and E. coli 
were shown in Table 3. All ethanolic extracts of T. 
pagdeni propolis at 10% concentration were unable to 
induce clear zone on both bacteria. When the 
concentration of EEP samples was increased, all tested 
propolis demonstrated only a weak activity on both 
bacteria. Though inhibition zone of streptomycin sulphate 
(positive control) was the highest on both S. aureus and E. 
coli, but EEP 3 and EEP 4 at 20% concentration expressed 
more efficacy on antibacterial activity as compared to EEP 
1 and EEP 2 which did not show any inhibitory effect 
against both bacteria. However, EEP 3 and EEP 4 were not 
significantly different when compared to each other. 

Propolis extracted by ethanol was effective against E. coli 
in higher concentration.35 Our result seems to confirm 
their information due to the inhibition zones of EEP 3 
(2.35 mm) and EEP 4 (3.05 mm) at 50% concentration 
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higher than those of EEP 3 (2.00 mm) and EEP 4 (2.25 
mm) at 20% concentration. Nevertheless, they were not 
significantly different in inhibition of E. coli. The origin, 
harvesting and storing of propolis 1 (EEP 1) and propolis 2 
(EEP 2) were not suitable to use as antibacterial activity 
against bacteria tested in this study. EEP 3 and EEP 4 
showed possible antibacterial activity against E. coli in 
this study if they were induced with higher 
concentrations. However, these concentrations failed to 
induce the inhibition activity on S. aureus. According to 
the results, it can be inferred that type of propolis, 
concentration, type of bacteria tested and method to 
evaluate antibacterial effect may be related to 
antibacterial activity.36 

Determination of total polyphenol and flavonoid 

Among EEP samples, EEP 3 and EEP 4 contain the highest 
polyphenol and flavonoid, respectively while the lowest 
amount of both chemical contents were found in EEP 2 
(Table 4). The highest polyphenol and flavonoid 
concentrations were 70.04 mg GAE/g of EEP 3 and 8.99 
mg CE/g of EEP 4, respectively. This result seems to be 
related to that of previous antibacterial activity where 
EEP 3 and EEP 4 showed the greater inhibitory zone on S. 
aureus and E. coli than EEP 1 and EEP 2. It is possible to 
infer that extracts with higher polyphenol and flavonoid 
contents relate to the ability to inhibit the growth of 
bacteria. Our assumption can be supported by work 
indicated that flavonoids and aromatic compounds in 
propolis affect for antibacterial activity.37 Furthermore, 
flavonoid content in propolis is significantly correlated 
with the MIC (Minimal Inhibitory Concentration).38,39 In 
this study the efficacy to inhibit the growth of S. aureus 
and E. coli was found in EEP 4 and EEP 3 which have the 
highest flavonoid and polyphenol contents, respectively. 
The mechanism of flavanoid for inhibit growth of bacteria 
must be occurred from permeability to bacterial cell wall, 
microsomes and lysosomes damaging due to interaction 
between flavonoids with bacteria DNA.40 Flavonoid is also 
well known as chemical compounds to inhibit viral 
enzyme and avoid free radicals.41 The chemical 

compounds found in the propolis depend on the honey 
bees, botanical sources and seasonal collection 
presenting in different geography.27,30,31 Accordingly, all 
EEP samples under this investigation contain different 
polyphenol and flavonoid contents due to their raw 
propolis samples collected and stored in different 
conditions before extraction process. In this study, raw 
propolis materials (propolis 4 and propolis 3) were 
collected from stingless bee hives located in the 
appropriate environment, harvested in proper part of the 
nest and maintained in suitable temperature after 
collection. Consequently, EEP 4 and EEP 3 showed 
possibility for antibacterial activity which relates to their 
polyphenol and flavonoid contents. 

CONCLUSION 

The result of this study indicated that the ethanolic 
extracts of propolis samples collected in different 
geographic coordinate of Thailand contain different 
amount of polyphenol and flavonoid contents. The 
antibacterial activity of these extracts also varied 
accordingly to the location where the propolis samples 
were collected. Ethanolic extracts of propolis collected 
from community forest at Mueang Rayong District, 
Rayong Province (EEP 4) and mixed fruit orchard in Klaeng 
District, Rayong Province (EEP 3) showed the highest 
inhibitory activity on gram negative bacteria, E. coli when 
concentration increased but activity against gram 
positive, S. aureus seemed to decline gradually with 
increasing concentration. More research is recommended 
to investigate the antibacterial activity of active 
compounds in EEP 3 and EEP 4 which the total polyphenol 
and flavonoid contents in EEP 3 and EEP 4 are quite good 
when compared with those in EEP 1 and EEP 2. The 
Geographic coordinate, collected site, plant species 
diversity, stored temperature and other factors affected 
on antibacterial activity of stingless bee propolis samples 
in this study. Therefore, it is very essential to study the 
suitable environment, method for rearing the stingless 
bees and how to store their propolis for possible use in 
pharmacological activity in the future. 

Table 1: Geographic coordinate and description of propolis samples from stingless bees. 
Location Geographic Coordinate Description  

Latitude Longitude Habitat of stingless 
bee hives 

Propolis 
collection  
location 

Temperature of 
propolis 
storaged 

Amphawa District, Samut Songkhram Province 
(propolis 1) = EEP 1 

N13°40.362´ E99°99.732´ Mixed fruit 
orchard1/ 

from whole 
nest structure 

25-30°C 

Na Yai Am District, Chanthaburi Province (propolis 
2) = EEP 2 

N12°68.776´ E101°86.369´ Mixed fruit 
orchard2/ 

from honey pot 0-5°C 

Klaeng District, Rayong Province  
(propolis 3) = EEP 3 

N 12°40.198´ E 101°34.323´ Mixed fruit 
orchard3/ 

from top of 
nest 

-10°C 

Mueang Rayong District, Rayong Province  
(propolis 4) = EEP 4 

N12°40.734´ E 101°24.035´ Community forest 4/ from top of 
nest 

-10°C 

1/ Pomelo (Citrus maxima (Burm.) Merrill), mango (Mangifera indica L.), lychee (Litchi chinensis Sonn.) and banana (Musa sapientum Linn.) 
2/ rambutan (Nephelium lappaceum Linn.), mangosteen (Garcinia mangostana L.), durian (Durio zibethinus Murray.) and long kong (Lansium 
domesticum Corr.) 
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3/ rambutan (Nephelium lappaceum Linn.), mangosteen (Garcinia mangostana L.), durian (Durio zibethinus Murray.), long kong (Lansium domesticum 
Corr.) and para rubber (Hevea brasiliensis Muell. Arg.) plantation 
4/ mixed deciduous forest and para rubber (Hevea brasiliensis Muell. Arg.) plantation 

Table 2: Extraction rate and characteristic of extracts. 

Ethanol extract of propolis (EEP) Extraction rate Characteristic of extract 

EEP 1 40.88 Pale brown, sticky solid 

EEP 2 34.18 Dark brown, sticky solid 

EEP 3 28.86 Pale brown, sticky solid 

EEP 4 40.73 Dark brown, sticky solid 

Table 3: The mean of the diameter (mm)1/ of bacterial growth inhibited by different concentrations of ethanolic extract 
of EEP samples on tested bacteria. 

Concentration 
(%, w/v) 

EEP samples 
Tested bacteria 

S. aureus E. coli 

10 EEP 1 - - 

 EEP 2 - - 

 EEP 3 - - 

 EEP 4 - - 

 Positive control (Streptomycin) 7.05 ± 0.12 a 7.20 ± 0.11 ab 

 Negative control (DMSO) - - 

20 EEP 1 - - 

 EEP 2 - - 

 EEP 3 0.40 ± 0.27 c 2.00 ± 0.29 de 

 EEP 4 0.60 ± 0.31 c 2.25 ± 0.15 cde 

 Positive control (Streptomycin) 7.60 ± 0.18 a 7.85 ± 0.15 a 

 Negative control (DMSO) - - 

50 EEP 1 - 0.65 ± 0.27 f 

 EEP 2 0.10± 0.10 c 1.45 ± 0.42 e 

 EEP 3 - 2.35 ± 0.30 cd 

 EEP 4 0.25 ± 0.25 c 3.05 ± 0.40 c 

 Positive control (Streptomycin) 6.15 ± 0.42 b 6.80 ± 0.29 b 

 Negative control (DMSO) - - 

1/ Values are mean ± SE (n=10). Values within each column followed by the same letters are not significantly different at P>0.05. 

The symbol "-" means no zone of inhibition. 

Table 4: Total polyphenol (mg GAE/ g EEP) and flavonoid (mg CE/ g EEP) contents1/ in EEP. 

Chemical content 
EEP samples 

EEP 1 EEP 2 EEP 3 EEP 4 

Total polyphenol 52.45 ± 1.45 12.54 ± 0.87 70.04 ± 1.66 40.85 ± 0.67 

Total flavonoid 3.30 ± 0.09 1.13 ± 0.16 4.95 ± 0.16 8.99 ± 0.09 

1/ Values are mean ± SE of triplicate determinations 
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