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The aim of this study was to investigate the antimicrobial activity against 

Staphylococcus aureus, Cutibacterium acnes, Escherichia coli, and 

Candida albicans of the ethanol extract and the n-hexane and ethyl acetate 

extract of the stingless bee Tetragonula sp. propolis. Additionally, the study 

also identified the stingless bee species based on morphological 

characteristics and Cytochrome c oxidase subunit I (COI) gene sequence. 

The antimicrobial activity of three stingless bee propolis extracts showed 

resistance against all three bacterial S. aureus, C. acnes, and E. coli. At a 

concentration of 1000 μg/mL, the ethanol extract exhibited the highest 

resistance, with C. acnes showing a zone of inhibition of 13.33 mm, while 

the inhibition zones were 11.33 mm for S. aureus and 10.33 mm for E. coli. 

The Minimum Inhibitory Concentration (MIC) for the three bacterial S. 

aureus, C. acnes, and E. coli were found to be 30, 50, and 50 μg/mL, 

respectively. The study identified the presence of polyphenols, flavonoids, 

aglycones, phenolics, and ketones quantified the total phenolic and 

flavonoid content, assessed the antibacterial activity of the propolis extract 

against the three pathogenic bacteria, and provided the foundation for 

further research. 
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1. INTRODUCTION 

Currently, compounds extracted from natural 

sources are being actively researched and applied 

for the treatment of bacterial and fungal diseases. 

Propolis is recognized as a leading natural 

antibiotic. This material is a natural product that 

includes wax, plant resins, and secretion from the 

salivary glands of bees. The propolis produced by 

stingless bees (Meliponini) has been investigated 

globally and contains chemical components such as 

flavonoids, terpenes, and phenolic compounds, 

exhibiting biological effects including antibacterial, 

antifungal, antioxidant, and anticancer activity (Le 

et al., 2021). As a result, propolis is widely used in 

functional foods for disease prevention and 

treatment. Notably, propolis from stingless bees is 

particularly effective in harnessing therapeutic 

properties and is considered safe for humans due to 

various compounds such as flavonoids, phenolics, 

terpenes, and others. This type of propolis acts as a 

reservoir of nutritional and functional compounds. 

This capability renders propolis a valuable material 

for the discovery of innovative compounds with 

notable antibacterial effects (Rocha et al., 2023). 

Although the propolis of stingless bees has 

significant biological relevance and antibacterial 

efficacy, its popularity among the public remains 

limited. The aim of this research is to evaluate the 

antibacterial properties obtained from the fractional 

extracts of stingless bee propolis. 

2. MATERIALS AND METHOD  

The stingless bee propolis was collected in April 

2024 from Soc Trang Province, Viet Nam. The 

strains of Staphylococcus aureus, Cutibacterium 
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acnes, Escherichia coli, and Candida albicans were 

provided by the Molecular Biology Laboratory, 

Institute of Food and Biotechnology, Can Tho 

University. 

2.1. Identification of stingless bee 

2.1.1. Morphological Identification 

The morphometric characters based on descriptions 

from published data on Tetragonula iridipennis  

by Sakagami (1978), Vijayakumar and Jeyaraaj 

(2014), Makkar et al. (2018), and Sharma et al. 

(2023); Tetragonula pagdeni as documented by 

Vijayakumar and Jeyaraaj (2020); and Tetragonula 

travacodica as reported by Shanas and Faseeh 

(2019). 

2.1.2. Molecular Identification 

DNA of the worker bee was extracted using the 

PureLink™ Genomic DNA Mini Kit (Invitrogen). 

Samples with good quality were subjected to PCR 

for amplification of specific DNA fragments in the 

600-700 bp range of the COI gene region using a 

PCR Thermal Cycler. Gene amplification was 

carried out in a 30 μL reaction solution, which 

included 13 μL of BiH2O, 13 μL of master mix 

(Biohelix, Taiwan), 0.5 μL of each primer at the 

concentration of 10 pmol/μL (LCO1490: 5′-GGT 

CAA CAA ATC ATA AAG ATA TTGG-3′ and 

HCO2198: 5′-TAA ACT TCA GGG TGA CCA 

AAAAAT CA-3′), as well as 3 μL of genomic DNA. 

Thermal cycling was carried out in a Mastercycler® 

nexus X2 - PCR Thermal Cycler, with the protocol 

commenced with a preheating stage at 94°C for 5 

minutes, proceeded by 35 cycles comprising 30 

seconds of denaturation at 94°C, 30 seconds of 

annealing at 50°C, and 1 minute of extension at 

72°C. The procedure concluded with a final 

extension phase at 72°C lasting 10 minutes 

(Marconi et al., 2022). After running the PCR 

products on an agarose gel, the results were 

visualized on a 2% agarose gel to compare the 

length with the DNA ladder. Clear bands without 

non-specific products were sequenced. Sequencing 

results were compared with the NCBI database. 

2.2. Propolis extraction 

Total Ethanol Extract (EtOH): The collected 

propolis was ground and soaked in 70% ethanol (4L 

for 24 hours). The collected extract was combined, 

passed through filter paper, and concentrated with a 

rotary evaporator at a temperature of 50°C.  

The concentrated extract was maintained at a 

temperature of -8°C for storage and to use in further 

experiments. 

The EtOH was fractionated with n-hexane and Ethyl 

acetate (EtOAc). These were prepared sequentially 

based on polarity using liquid-liquid extraction. The 

collected extracts were concentrated at 50°C and 

stored at -8°C for downstream assays. 

2.3. Qualitative and quantitative analysis of 

natural compounds 

The EtOH, n-hexane, and EtOAc extracts were 

analyzed for chemical composition through 

characteristic qualitative chemical reactions as 

described by Riaz et al. (2018) and Tiwari et al. 

(2011). 

2.3.1. Quantification of phenolic (TPC) 

The measurement of total phenolic content was 

conducted through the application of the Folin-

Ciocalteu reagent procedure (Hai et al., 2011, with 

adjustment). The reaction mixture was formulated 

by combining 100 µL of the extract with 600 µL of 

Folin-Ciocalteu reagent (diluted 1:5) and incubating 

the solution at room temperature for 5 minutes. 

Subsequently, 800 µL of 10% sodium carbonate 

solution and 300 µL of distilled water were 

sequentially introduced, followed by a 30-minute 

incubation under identical conditions. The 

absorbance was subsequently quantified at a 

wavelength of 737 nm. The results are quantified as 

the amount of gallic acid equivalents (GAE) per 

gram of the extract (mg GAE/g sample). 

2.3.2. Quantification of flavonoids (TFC) 

The flavonoid concentration was quantified using a 

spectrophotometric method as described by Hai et 

al. (2011), with some adjustments. The reaction 

mixture included 500 µL of extract, 500 µL of 10% 

AlCl3, and 500 µL of 10% Na2CO3. The absorbance 

was measured at a wavelength of 437 nm after a 15-

minute incubation. The results are quantified as the 

amount of quercetin equivalents (QE) per gram of 

the extract (mg QE/g sample). 

2.4. Antimicrobial activity by the agar well disk 

diffusion method 

The bacteria were grown in a TSB Broth and 

maintained at 37°C for a duration of 24 hours to 

create a microbial suspension with a density of 106 

CFU/mL. The bacterial population density post-

incubation in the TSB medium was quantified 

through optical density (OD) analysis at a 

wavelength of 625 nm. The extract was diluted with 
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10% DMSO. Tetracycline at a concentration of 0.5 

mg/mL served as the positive control, and 10% 

DMSO was used as the negative control. 

The bacteria were grown in an SDB Broth and 

maintained at 37°C for a duration of 24 hours to 

create a microbial suspension with a density of 106 

CFU/mL. The turbidity of the fungal suspension 

was adjusted by the use of a spectrophotometer at 

530 nm. The extract was diluted in 10% DMSO. 

Control solutions included a positive control 

containing the antifungal Fluconazole at a 

concentration of 0.5 mg/mL served as the positive 

control, and 10% DMSO was used as the negative 

control. 

2.5. Determination of Minimum Inhibitory 

Concentration (MIC) by Resazurin assay 

The MIC was evaluated through the colorimetric 

change of the resazurin dye, in accordance with the 

guidelines established by the Clinical and 

Laboratory Standards Institute (2010). The extract 

solution was diluted in 10% DMSO to create various 

concentrations. The positive control was 

Tetracycline 0.5 mg/mL, and the negative control 

was 10% DMSO. A 100 µL suspension of bacteria 

(cell density of 106 CFU/mL), along with the 

positive and negative controls, was added to each 

well containing 100 µL of extract at different 

concentrations. The wells were maintained at 37°C 

for 24 hours, followed by the addition of 20 µL of 

0.01% resazurin solution to each well. 

2.6. Statistical analysis 

Data was collected and statistically analyzed 

through ANOVA analysis using Minitab16 software 

to test for differences between treatments; Data are 

calculated, presented as mean±standard deviation 

and presented in graph form from Microsoft Excel 

2013. 

3. RESULTS AND DISCUSSION  

3.1. Identification of Stingless Bee Species 

The COI sequence was compared on the NCBI 

database using the nucleotide BLAST program, and 

the results are shown in Figure 1. 

 
Figure 1. The genetic identity was compared with data on Blast NCBI 

The results illustrated that the COI gene segment 

extracted and amplified by the research group is 

similar to three species: Tetragonula pagdeni, 

Tetragonula travancorica, and Tetragonula 

iridipennis, with the genetic identity of 89.3%, 

86.87%, and 85.58%, respectively.  

Based on these results, morphological identification 

was carried out by comparing the characteristics of 

the collected stingless bee samples with those 

reported in published studies. 

The morphological measurements of 10 worker bees 

are presented in Table 1. The total body length 

ranged from approximately 4.0 to 4.1 mm, with head 

length and width measuring about 0.97±0.07 mm 

and 1.71±0.09mm, respectively. The average 

mesosoma length was recorded as 1.82±0.14 mm, 

while the average metasoma length was 1.98±0.04 

mm. Forewing lengths varied between 3.8 and 4.0 

mm, and the hind leg length was approximately 3.8 

mm. The head and thorax exhibit a black coloration. 

The front of the head features subtle distinct 

markings, with two yellow compound eyes and 

three ocelli that are red and black. The dorsal 

abdomen gradually transitions to a darker brown, 

with segments 1–3 forming alternating yellow and 

brown rings. The ventral abdomen also displays 

alternating yellow and brown coloration. The 

terminal abdominal segments are covered in white 

setae. The anterior thoracic dorsum contains 

numerous short white hairs, while the posterior 

thoracic dorsum and ventral thoracic regions are 

characterized by dense, long white hairs. The 

trochanter and posterior edge of the tibial segment 

are densely covered with hairs. 
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Figure 2. Morphology of the stingless bee 

worker  

(A. Top-down view, B. Bottom-up view, C. Side view, D. 

Forewing and Hindwing of the stingless bee, and E. 

pairs of legs of the stingless bee. 

Table 1. Measurements of workers of 

Tetragonula sp. 

Character Measurements (mm) 

Body length 4.03±0.05 

Antennae  1.91±0.09 

Head length 0.97±0.07 

Head width 1.71±0.09 

Thorax length 1.82±0.14 

Thorax width 1.33±0.25 

Abdomen length 1.98±0.04 

Abdomen width 1.03±0.07 

Forewing length 3.97±0.07 

Forewing width 1.23±0.07 

Hindwing length 2.06±0.08 

Hindwing width 0.55±0.09 

Foreleg length 2.81±0.09 

Middle leg length 3.02±0.04 

Hind leg length 3.95±0.07 

The analysis revealed that the morphological 

characteristics of the studied specimens exhibited 

the highest similarity to T. iridipennis. However, 

Sharma et al. (2023) observed that the 

morphological traits of T. iridipennis worker bees 

showed slight discrepancies compared to previous 

studies, likely due to geographic variation. 

Therefore, the findings suggest that the studied bee 

species is most likely T. iridipennis, but the 

possibility of it being an undescribed or novel 

species remains plausible. 

3.2. Qualitative and Quantitative analysis of 

natural compounds 

3.2.1. Qualitative results 

Preliminary investigations revealed that all three 

types of extracts contained groups of compounds 

such as phenolics, tannins, flavonoids, alkaloids, 

coumarins, quinones, and terpenoids. Propolis 

contains approximately 150 compounds, including 

polyphenols, flavonoids, aglycones, phenolics, and 

ketones (Rozman et al., 2022). Among these, 

flavonoid molecules, phenolic acids, and their esters 

exhibit high pharmacological activity in terms of 

antibacterial properties (Castaldo & Capasso, 2002). 

The study results are presented in Table 2. 

Table 2. Qualitative analysis of natural 

compounds present in the extracts  

Compounds EtOH n-hexane EtOAc 

Phenolic + + + 

Tannin + + + 

Flavonoid + + + 

Alkaloid + + + 

Coumarin + + + 

Quinone + + + 

Terpenoid + + + 

Note: (+) Present, (-) Absent. 

3.2.2. Quantitative result 

The total polyphenol content (TPC) and total 

flavonoid content (TFC) were determined utilizing 

the standard curve equations established from gallic 

acid (y = 0.005x - 0.0206) with a reliability of (R² = 

0.998) and quercetin (y = 0.0157x - 0.0191) with a 

reliability of (R² = 0.9996).  

The total phenolic content of the extracts was 

quantified and expressed in terms of milligrams of 

gallic acid equivalents (mg GAE) per gram of 

sample. A higher mg GAE/g sample value indicates 

a greater phenolic content in the extract and vice 

versa. 

In the EtOH extract, the total polyphenol content 

(TPC) was 102.65 ± 5.21 mg GAE/g extract, while 

the total flavonoid content (TFC) reached 69.18 ± 

0.46 mg QE/g extract. According to the study by 

Kieu et al. (2019), these results indicate that the TPC 

in the extract of stingless bee propolis is twice to 

three times, and the TFC is six times to seven times 

as high as the TPC and TFC in the propolis extract 

from honey bees (Apis mellifera) sourced from 

tropical forests in Viet Nam. Therefore, the 

antimicrobial and antioxidant activities of stingless 

bee propolis were less potent. However, the TPC in 

this study was approximately 10 times, and the TFC 

was nearly twice as high as propolis extracts from 

several species of stingless bees in Malaysia (Salleh 

et al., 2021). 
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Table 3. The presence of TPC and TFC from the 

fractions of propolis 

Extract 
TPC (mg GAE/g 

sample) 

TFC (mg QE/g 

sample) 

EtOH 102.65B±9.03 69.18A±0.46 

n-hexane 95.65B±1.2 68.16A±0.19 

EtOAc 211.25A±19.29 57.97B±0.31 

Note: Means+_SD that do not have the same uppercase 

character in the same column are significantly different 

(Tukey test, P<0.05). SD= standard diviation 

3.3. Results of antimicrobial activity assessment 

Based on the recorded results (Table 4), it was 

observed that the antibacterial activity of the 

stingless bee propolis extract diluted with DMSO 

exhibited antibacterial activity against all three 

bacterial strains: C. acnes, S. aureus, and E. coli. 

The inhibition zones increased gradually across all 

three bacteria at concentrations of 50, 100, 200, 600, 

and 1000 μg/mL. At the maximum concentration of 

1000 μg/mL and the minimum concentration of 50 

μg/mL for the ethanol and n-hexane extracts, no 

statistically significant differences were observed 

across all three bacteria. 

The antibacterial activity of the EtOAc extract was 

significantly weaker compared to the EtOH and n-

hexane extracts. This could be attributed to the 

majority of antibacterial compounds being 

preferentially dissolved in the n-hexane phase, 

leaving only a small portion in the EtOAc fraction. 

These findings align with those reported by Yusop et 

al. (2019), who evaluated the antibacterial effects of 

n-hexane, ethyl acetate, and ethanol extracts of 

Trigona itama propolis against S. aureus and E. coli. 

Their study also demonstrated that the antibacterial 

efficacy of the ethyl acetate extract was inferior to 

that of both n-hexane and ethanol extracts. 

Table 4. Zone of inhibition (mm) of tested bacteria produced by the propolis fractions. 

Sample Concentrations C. acnes S. aureus E. coli 

EtOH 

50 2.00D±0.00 1.67D±0.58 5.00E±0.00 

100 8.00C±0.00 4.67C±0.58 6.33D±0.58 

200 11.00B±0.00 7.33B±0.58 8.00C±0.00 

600 11.67B±0.58 10.33A±0.58 9.00B±0.00 

1000 13.33A±0.58 11.67A±0.58 10.33A±0.58 

(+) Tetracycline 0.5 mg/mL 16 17 15 

(-) DMSO 10% - - - 

n-hexan 

50 2.00E±0.00 2.00E±0.00 4.33E±0.58 

100 5.00D±0.00 5.00D±0.00 6.00D±0.00 

200 7.00C±0.00 7.33C±0.00 7.00C±0.00 

600 9.00B±0.00 9.67B±0.00 9.00B±0.58 

1000 13.33A±0.58 11.33A±0.00 10.33A±0.58 

(+) Tetracycline 0.5 mg/mL 15 15 15 

(-) DMSO 10% - - - 

Note: Means+_SD that do not have the same uppercase character in the same column are significantly different (Tukey 

test, P<0.05). SD = standard deviation. 

Table 5. Results of diameter antibacterial zones for EtOAc (mm) 

Concentrations (mg/mL) 
EtOAc 

C. acnes S. aureus E. coli 

1 2.00D±0.00 1.68D±0.58 4.00E±0.00 

2 4.00C±0.00 4.67C±0.58 6.00D±0.00 

3 6.00B±0.00 7.33B±0.58 7.33C±0.58 

4 6.67B±0.58 10.33A±0.58 9.00B±0.00 

5 9.67A±0.58 11.33A±0.58 10.33A±0.58 

(+) Tetracycline 0.5 mg/mL 15 15 15 

(-) DMSO 10% - - - 

Note: Means+_SD that do not have same uppercase character in the same column are significantly different (Tukey test, 

P<0.05). SD = standard deviation. 



CTU Journal of Innovation and Sustainable Development  Vol. 18, No. 1 (2026): 22-29 

27 

In the study by Abdullah et al. (2020), the ethanol 

extract of propolis exhibited antibacterial activity 

against S. aureus and E. coli. The antimicrobial 

activity was more pronounced against Gram-

positive bacteria (S. aureus) than against Gram-

negative bacteria (E. coli). This bactericidal action 

is related to the disruption of  

ion-channel metabolism through phosphorylation 

/dephosphorylation reactions. The antimicrobial 

properties are also associated with the presence of 

phenolic acids (Popova et al., 2010). There is 

evidence that propolis disrupts the cell membrane of 

microorganisms (Torres A.R., 2018).  

It can also be concluded that propolis (Tetragonula 

iridipennis) exhibits antibacterial effects due to 

active compounds that inhibit bacterial RNA 

polymerase and cause degradation of the bacterial 

cytoplasmic membrane. There are currently no 

reports proving that propolis's antibacterial 

properties are caused by a single ingredient or group 

of compounds; rather, they are the result of the 

synergistic impact of all the compounds that make 

up the composition (Boisard et al., 2015). Propolis 

affects the cytoplasm, inhibiting bacterial activity 

and enzyme function, thus potentially suppressing 

the growth and proliferation of various bacteria, and 

may act as a bactericidal agent at high 

concentrations (Mirzoeva et al., 1997). 

3.4. Results of inhibition against Candida 

albicans 

Although numerous studies worldwide have 

demonstrated the antifungal activity of propolis 

extracts from various stingless bee species against 

Candida albicans (Campos et al., 2015; Santos et 

al., 2017; Kasote et al., 2019), our study found no 

inhibition of Candida albicans when testing extracts 

from Tetragonula sp. propolis at different 

concentrations using EtOH, n-hexane, and EtOAc. 

These findings align with those of Georgieva et al. 

(2019), who also reported that EtOH extracts of 

propolis from Lisotrigona cacciae were inactive 

against Candida albicans. Since the chemical 

composition and biological properties of propolis 

are significantly influenced by the bee species and 

the plant resins they collect (Popova et al., 2019), 

further analysis is needed to identify the specific 

chemical components responsible for these 

differences. 

3.5. MIC based on Resazurin assay   

The MIC of the ethanol extract of stingless bee 

propolis was determined to be 30 µg/mL for S. 

aureus, which is lower compared to 50 µg/mL for 

C. acnes and E. coli. This indicates greater 

resistance to S. aureus than to the other two bacteria, 

aligning with studies showing greater inhibition of 

Gram-positive than Gram-negative bacteria, with S. 

aureus being more sensitive than other bacterial 

strains (Kasote et al., 2019). According to Campos 

et al. (2015), the inhibition of EtOH of T. fiebrigi 

propolis was observed against the evaluated 

followed by S. aureus, which was more sensitive 

than S. epidermidis, E. faecalis, P. mirabilis, K. 

pneumoniae, and P. aeruginosa, with the MIC for S. 

aureus at approximately 0.55 ± 0.05 mg/mL. 

Similar to the study by Santos et al. (2017), the 

inhibition of microorganisms was observed S. 

aureus more sensitive than E. faecalis, E. coli, P. 

aeruginosa, C. neoformans, and C. albicans, with 

the MIC for S. aureus at approximately 6.13 ± 0.10 

mg/mL. 

4. CONCLUSION 

This study successfully identified the species of 

stingless bee collected in Soc Trang through 

morphological and molecular biological methods. 

Qualitative analysis using chemical methods on the 

extract of stingless bee propolis (Tetragonula sp.) 

confirmed the presence of several bioactive 

compounds, including phenolics, tannins, 

flavonoids, alkaloids, coumarins, quinones, and 

terpenoids. 

The extracts exhibited antibacterial activity against 

all three bacterial strains: S. aureus, C. acnes, and E. 

coli. At the highest tested concentration of 1000 

μg/mL using the agar well diffusion method, the 

EtOH and n-hexane extracts showed the greatest 

inhibitory effect against C. acnes, with inhibition 

zones of 13.33±0.58 mm. At both the highest 

concentration of 1000 μg/mL and the lowest 

concentration of 50 μg/mL for EtOH and n-hexane, 

no statistically significant differences were 

observed among the three bacterial strains. The 

MICs for S. aureus, C. acnes, and E. coli were found 

to be 30, 50, and 50 μg/mL, respectively. 
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