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ABSTRACT

Introduction: Most diseases involving bacterial infections have caused high mortality and morbidity rates world-
wide. However, the misuse of synthetic antibiotics in treatments has not only caused adverse effects on patients but 
also led to the emergence of antibiotic-resistant bacteria. The escalating issue of antimicrobial resistance has led to 
the urgent need for new antimicrobial agents originating from natural resources. Thus, this study was conducted to 
determine the antibacterial activity of ethyl acetate and aqueous extracts of Averrhoa bilimbi fruits against selected 
bacteria. Methods: The antimicrobial susceptibility testing (AST) and minimum inhibitory concentration (MIC) by 
disc diffusion method and microdilution broth method were respectively performed to evaluate the antibacterial ac-
tivity of the A. bilimbi extract against gram-positive Staphylococcus aureus (ATCC 25923) and Bacillus cereus (ATCC 
14579), as well as gram-negative bacteria (Escherichia coli (ATCC 25922) and Salmonella typhimurium (ATCC 
13311)). Results: Initial screening for ethyl acetate and aqueous extracts showed inhibition against all microbes 
with the most significant effects on B. cereus at 16 and 11.67±1.15 mm, respectively. With MIC value of 7.81 mg/
ml, the lowest concentration of ethyl acetate extract was required by S. aureus and B. cereus to inhibit their growth. 
For aqueous extract, the lowest MIC value of 31.25 mg/ml was observed to inhibit E. coli. Moreover, A. bilimbi fruit 
extracts also contain alkaloids, flavonoids, phenols, terpenoids, tannins, and reducing sugars responsible for antibac-
terial activities. Conclusion: Therefore, A. bilimbi fruit extract with its potential antibacterial properties can be used 
as an alternative therapy to combat infectious diseases initiated by the selected pathogens.
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INTRODUCTION

These days, the overuse and misuse of synthetic 
antibiotics in the treatment of illnesses not only has 
negative consequences for patients but may also 
contribute to the formation of bacterial resistance 
(1), making disease treatment increasingly difficult. 
Thus, studies evaluating the replacement of synthetic 
antibiotics with natural antimicrobial agents are in great 
demand. 

For decades, natural resources such as fruits, leaves, 
stems, or barks of plants have been utilized in treating a 
variety of illnesses (2). According to previous research (3), 
plants have hundreds of bioactive chemicals that are vital 
to human health. Still, only a few species have had these 

compounds identified and used in the creation of novel 
pharmaceuticals. Flavonoids, phenols, triterpenoids, 
glycosides, and other beneficial compounds have been 
found in local fruits often consumed by Malaysians 
(4). These phytochemical compounds are potent 
antioxidants and offer benefits such as protection 
against the development of neurodegenerative diseases, 
cancers, vascular diseases, and diabetes (5,6). They also 
possess antibacterial properties that allow the fruits to be 
used as sources for treatment against bacterial infections 
(7). 

Due to a seasonally humid climate, the fruits of A. bilimbi, 
also known as belimbing buluh, are readily available in 
Malaysia as the environment is ideal for their growth. 
Since the old days, these fruits have been incorporated 
in dishes such as curry stew and belimbing buluh chilli 
sauces. Scurvy, hypertension, obesity, and diabetes 
have all been traditionally treated with the syrup or juice 
of A. bilimbi. It has also been consumed for its ability 
to stop rectal bleeding (8). According to past research, 
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A. bilimbi fruits contain various beneficial compounds 
that could treat a variety of symptoms and illnesses. 
In recent studies, analysis of methanolic extracts of A. 
bilimbi fruit was found to possess hepatoprotective, 
anticancer (8), and antibacterial (9) properties. Similarly, 
the antibacterial properties of A. bilimbi fruit were also 
demonstrated via aqueous, chloroform, and ethanolic 
extractions (8). Antioxidant capacity was also shown 
with aqueous extraction of the fruit (10). Other than 
that, the ethanolic and aqueous extract of A. bilimbi 
leaves were proven to exert antifungal, antithrombotic, 
antidiabetic, and antihypertensive properties (8).

As bacteria become increasingly resistant to synthetic 
antibiotics, researchers are concentrating their efforts on 
natural antimicrobials, such as plant extracts to replace 
artificial pharmaceuticals (11,12). A. bilimbi fruit has 
been shown to have antibacterial properties in several 
previous research studies (10,13,14). For example, it was 
proven to inhibit S. aureus, L. monocytogenes, and B. 
cereus, among other gram-positive bacteria (15). Gram-
negative bacteria such as Salmonella typhi, Escherichia 
coli, Shigella dysenteriae, and Vibrio parahemolyticus 
were shown to be resistant to the methanolic extract of 
A. bilimbi fruits (9). However, there are just a few studies 
that employed ethyl acetate as a solvent for A. bilimbi fruit 
extraction. It was found that the solubility of compounds 
in the plant responsible for its antibacterial properties 
is influenced by the solvents utilized in the extraction 
process (16). The knowledge of the medicinal plant 
could aid in reducing the country’s economic losses and 
the health concerns associated with the development of 
antibiotic-resistant bacteria. Furthermore, the bioactive 
compounds of the A. bilimbi fruit can be identified and 
marketed for other medicinal purposes (17). 

The increase in resistance in bacteria including 
methicillin-resistant S. aureus (MRSA), vancomycin-
resistant enterococci, and multidrug-resistant bacteria 
such as S. typhi, has resulted from the widespread use of 
synthetic antibiotics in the treatment of human diseases 
(18). As emerging and developing bacteria are difficult to 
treat and eliminate, these outcomes may raise the burden 
of sickness among humans. Furthermore, the overuse 
and abuse of synthetic antibiotics might have negative 
consequences for consumers (19), which include 
stomach aches, diarrhea, vomitings, skin rashes, and 
even more severe effects such as breathing difficulties 
and dizziness (20). Hence, replacing the usage of 
artificial antibiotics with natural products that are rich 
in bioactive compounds could aid in overcoming these 
effects. 

This research was conducted to determine the 
phytochemical compounds and the antibacterial 
activity of the A. bilimbi fruit extract against selected 
bacteria, including S. aureus, B. cereus, E. coli, and 
S. typhimurium, by using ethyl acetate and aqueous 
solvents. 

MATERIALS AND METHODS

A. bilimbi Fruits Collection and Processing
A. bilimbi fruits were collected from their natural habitat 
in Perak. They were washed using tap water and then cut 
into smaller pieces to allow for a faster drying process. 
With slight modification from (21), the fruits were first 
dried in an oven for 12 hours at 60oC to prevent fungus 
formation before drying under the sun for five days. 
Then, the dried fruits were ground into a fine powder by 
using a miller (22).

Preparation of A. bilimbi Fruit Extracts
The A. bilimbi fruit samples were extracted using two 
different solvents, ethyl acetate, and distilled water. The 
procedures used for both extractions were adopted from 
(22), with slight modification. The ratio of fruits and 
solvent used was 1:10. Thus, 100 gm of A. bilimbi fruit 
powder was macerated with 1 L of solvent in an orbital 
shaker at 150 rpm for 6 hours, followed by overnight 
extraction without agitation at room temperature. The 
mixture container was wrapped using aluminum foil 
(23). Next, the mixtures were filtered with Whatman 
No. 1 filter paper. The filtrate was concentrated using a 
rotary evaporator at 50oC in the water bath with optimum 
reduced pressure and the ethyl acetate and aqueous 
extracts were obtained satisfactorily. The weights of the 
crude extracts obtained were then measured. For the 
preparation of 100% concentration of ethyl acetate and 
aqueous extracts, 1 gm of crude extracts was diluted in 
1 ml of 10% dimethyl sulfoxide (DMSO) at a 1:1 ratio 
(22). The prepared extracts were stored in a refrigerator 
at 4oC for future use.

Antibacterial Susceptibility Testing (AST) by Disc 
Diffusion Method
As suggested by (22) with some modifications, 10 μl of 
100% concentration of A. bilimbi fruit extracts for both 
solvents were pipetted into the sterilized filter paper 
discs. The discs were dried at 40oC for 10 to 15 minutes 
in the oven. The discs for the negative control were 
made using the same technique but with 10% DMSO.

Using a wire loop, 3 to 5 colonies of bacteria were 
inoculated into Muller Hilton (MH) broth and incubated 
for approximately 2 hours. 0.5 McFarland standard was 
used as a comparison with the turbidity of bacterial 
suspension to standardize the density of bacterial 
inoculum. A sterile cotton swab was then immersed into 
MH broth with bacterial suspension for 1 minute and 
mixed by rotating the swab several times. The excess 
suspension was squeezed out by gently pressing on 
the edge of the bijou bottle (24). Next, the bacterial 
suspension was uniformly smeared over Muller Hilton 
agar using the Kirby-Bauer method.

Using a sterile syringe, the dried discs were arranged on 
the surface of the cultured agar plate and pressed down 
gently to ensure adherence. The four different discs that 
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kept at -20oC for future use.

Qualitative Phytochemical Screening of A. bilimbi 
Fruit Extracts 
An aliquot (1 ml) of both ethyl acetate and aqueous 
extracts obtained from A. bilimbi fruits was subjected 
to qualitative phytochemical analysis to determine the 
presence of secondary metabolites such as alkaloids, 
flavonoids, phenols, terpenoids, saponins, tannins, 
and reducing sugars. The presence of compounds was 
visualized via color changes and foam production in 
Wagner’s Test (16), Alkaline Reagent Test (27), Ferric 
Chloride Test (16), Salkowski Test (28), Foam Test 
(16), and the use of other reagents (29), according to 
the respective methods. The color changes and foam 
production were observed and recorded.

RESULTS

A. bilimbi Fruits Crude Extracts
The weight and percentage of extraction from ethyl 
acetate and the aqueous extraction process are tabulated 
in Table I below. 100 gm of ground A. bilimbi fruits 
yielded 2.36% for the ethyl acetate extract and 16.2% 
for the aqueous extract. 

were used in each plate were ethyl acetate extracts, 
aqueous extracts, negative control, and positive control 
discs. For negative control, 10% of the DMSO disc was 
used, whereas the positive control was the gentamycin 
30 μg disc. The distance between each disc was 
evenly distributed to avoid the zones of inhibition from 
overlapping. The AST was performed in triplicates for 
each organism and all cultured media plates were left in 
the incubator for 24 hours at 37oC. After being incubated 
overnight, the zones of inhibition were measured in 
millimeters (mm) using a ruler and recorded.

Minimum Inhibitory Concentration (MIC)
The bacterial inoculum suspension was prepared in 
MH broth and incubated at 37oC for a few hours, 
depending on how long each organism took to reach the 
exponential phase. With slight modifications from (25), 
using sterile 10% dimethyl sulfoxide, a two-fold serial 
dilution of 100% extract was produced to achieve the 
following concentrations: 1000, 500, 250, 125, 62.5, 
31.25, 15.63, 7.81, 3.91, 1.95, and 0.98 mg/ml. The 
diluted extracts were pipetted onto wells 1 to 11 of the 
microtiter plate in sequential order. 50 μl of bacterial 
suspension was then pipetted into well 1 to well 11 and 
mixed well with the existing extracts inside.
 
For each species, the positive, negative, and standard 
controls were used to confirm the validity of the data 
obtained. As for the negative control, a loopful of 
gentamycin powder was dissolved in 50 μl of DMSO 
before the addition of 50 μl of bacterial suspension 
into the well. In contrast, 50 μl of DMSO with 50 μl of 
bacterial suspension was added to the well for positive 
control. 50 μl DMSO was used as the standard control. 
The microtiter plate was then incubated overnight at 
37oC. The MIC test was performed in duplicates for each 
sensitive organism in AST and the tests were labelled 
Set A and Set B. The lowest concentration of extracts 
capable of inhibiting the development of organisms that 
had no visible growth was determined by measuring 
the turbidity of the mixture in each well of an infected 
microtiter plate (no turbidity) (26) and recorded. 

The bacteria strains that were used in this study are S. 
aureus (ATCC 25923), B. cereus (ATCC 14579), E. coli 
(ATCC 25922), and S. typhimurium (ATCC 13311). The 
bacteria were obtained from stock culture plates and 
were subcultured into nutrient agar. The bacterial stock 
cultures were made by dispensing 1 ml of inoculum 
suspension in Brain Heart Infusion (BHI) broth into 7 ml 
of 20% glycerol. These stock cultures of bacteria were 

Table II: AST result of A. bilimbi fruit extracts against selected pathogen.

Organism
Zone of inhibition (mm)

Ethyl acetate extract Aqueous extract Positive control Negative control

Staphylococcus aureus (ATCC 25923) 13.33±0.58 8.17±0.76 25.33±0.58 0

Bacillus cereus (ATCC 14579) 16.00 11.67±1.15 22.67±0.58 0

Escherichia coli (ATCC 25922) 13.67±0.58 8.17±0.29 22.17±0.29 0

Salmonella typhimurium (ATCC 13311) 11.67±0.58 9.67±0.58 24.33±0.58 0

Table I: Weight and percentage (w/w) of ethyl acetate and aqueous 
extract product of A. bilimbi fruits.

Extraction 
solvent

Weight of grounded 
A. bilimbi fruits for 

extraction (gm)

Weight of 
extraction 
product 

(gm)

Percentage 
of weight 
extraction 

(100%)

Ethyl 
acetate

100.00 2.36 2.36

Aqueous 100.00 16.20 16.20

Antibacterial Susceptibility Testing (AST)
To get more accurate and reliable results, AST of 1000 
mg/ml (100%) A. bilimbi extracts were conducted in 
triplicates using the disc diffusion technique for each 
of the chosen organisms. The results obtained were 
recorded and summarized in Table II.

Minimum Inhibitory Concentration (MIC)
MIC value of extract to inhibit the growth of each 
organism was determined by using the micro broth 
dilution method. The test was performed in duplicates 
for accurate results. Varying strengths of inhibition were 
obtained for each organism with different extracts used. 
The results obtained were recorded and summarized in 
Table III.
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Qualitative Phytochemical Screening of A. bilimbi 
Extracts
Phytochemicals coumpound found in ethyl acetate and 
aqueous extracts of A. bilimbi is shown in Table IV.

DISCUSSION

The results of this study match those observed in an 
earlier study done by (15) where an aqueous extract 
of A. bilimbi fruits demonstrated a higher efficacy 
against B. cereus compared to S. aureus. Another study 
done on A. bilimbi fruits showed the effectiveness of 
chloroform and methanol extracts against S. aureus and 
B. subtilis (13). Other bacteria showed moderate effects 
with the inhibition zone ranging from 11.67 - 13.67 
mm for ethyl acetate and 8.17 - 9.67 mm for aqueous 
extract. However, similar effects on both extracts 
toward gram-positive bacteria, S. aureus, and other 
gram-negative bacteria were observed. This finding 
was slightly different from a previous study done where 
gram-positive bacteria yielded highly sensitive results 
compared to gram-negative bacteria. As gram-positive 
bacteria lack the outer membrane of lipopolysaccharide 
components which acts as a protective barrier, they are 
more easily penetrated by other compounds compared 
to gram-negative bacteria (30,31). 

Overall, compared to aqueous extract, ethyl acetate 
extract is significantly more effective against selected 
bacteria due to the larger zones of inhibition observed 
in AST, except for S. typhimurium which showed the 
smallest zone of inhibition at 11.67±0.58 mm where 
the difference is not highly significant compared to 
9.67±0.58 mm achieved with aqueous extract. This 
result was similar to the other findings where aqueous 
extract exhibited low antibacterial activity compared 
to the other extraction solvents (32,33). On the other 
hand, one study reported the best antibacterial activity 
of A. bilimbi water extract when tested against ESβL + 
CR Pseudomonas aeruginosa in a test against multidrug-
resistant bacteria (34). This proves that the effectivity of 
A. bilimbi fruit extracts against bacteria varies according 
to the extraction solvents and species of bacteria tested.
When MIC was conducted to test for growth inhibition, 
it was found that S. aureus and B. cereus required the 
lowest concentration of ethyl acetate extract of A. 
bilimbi fruits to inhibit their growth with MIC values of 
7.81 mg/ml and 7.81 mg/ml, respectively. However, a 
higher MIC value of ethyl acetate extract at 15.63 mg/

ml was found to be more effective to control the growth 
of S. typhimurium. On the other hand, the gram-positive 
bacteria showed moderate activity with a MIC value of 
62.5 mg/ml for aqueous extract. The highest MIC value, 
125 mg/ml was observed in inhibiting the visible growth 
of S. typhimurium. For E. coli, the ethyl acetate extract 
gave the highest MIC value, 31.25 mg/ml. But for the 
aqueous extract, E. coli required the lowest concentration 
of extract to inhibit it with the same MIC value as ethyl 
acetate extract, 31.25 mg/ml. Ethyl acetate extract of A. 
bilimbi fruits exhibited stronger antibacterial activities 
with lower MIC values compared to aqueous extract as 
supported by (35) and (36) who claimed the presence of 
strong antimicrobial compounds in the extract with low 
MIC value.

The result obtained from the MIC value of A. bilimbi 
fruit extracts could be considered high compared to the 
findings on the other plants as the lowest MIC value was 
only 7.81 mg/ml. According to (37), 0.5 and 0.1 mg/
ml of an extract of Helichrysum aureonitens were able 
to inhibit S. aureus, while (35) found 1.25 mg/ml to be 
the lowest MIC value of Zataria multiflora extract in 
inhibiting selected organisms. Different phytochemical 
compounds present in each extract suggested an 
influence on the MIC values.

The alkaloids, flavonoids, phenols, terpenoids, tannins, 
and reducing sugars discovered in this study are 
responsible for the antibacterial effects (7,38). However, 
there was an absence of saponin in both extracts. 
This finding was slightly different from the previous 
study in (39) and (40) which showed the presence of 
saponin and the absence of alkaloids in the A. bilimbi 
fruit extracts. The dissimilarity between the extractive 
compounds present was highly probable due to the 

Table IV: Phytochemicals screening of ethyl acetate and aqueous ex-
tracts of A. bilimbi

Bioactive 
compounds

Ethyl acetate extract Aqueous extract

Alkaloids Negative Positive

Flavanoids Positive Positive

Phenols Positive Positive

Terpenoids Negative Positive

Saponins Negative Negative

Tannins Positive Negative

Reducing Sugars Positive Positive

Table III: MIC result of A. bilimbi fruit extracts against selected pathogen tested in duplicates.

Organism

MIC (mg/ml)

Ethyl acetate extract Aqueous extract

Set A Set B Set A Set B

Staphylococcus aureus (ATCC 25923) 7.81 7.81 62.50 62.50

Bacillus cereus (ATCC 14579) 7.81 7.81 62.50 62.50

Escherichia coli (ATCC 25922) 31.25 31.25 31.25 31.25

Salmonella typhimurium (ATCC 13311) 15.63 15.63 125.00 125.00
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different extraction solvents and methods used. In 
addition to that, a study done by (41) found the presence 
of alkaloids, tannins, saponins, flavonoids, cardiac 
glycosides, triterpenes, phenols, and carbohydrates but 
the absence of phytosterols in different extractives of A. 
bilimbi fruits. This is also supported by (42) which stated 
the presence of tannin, flavonoids, saponins, formic 
acid, peroxides, and triterpenoids in A. bilimbi fruits. 
Aside from fruits, the leaves of A. bilimbi too indicated 
the presence of alkaloids, tannins, and steroids (43). 
This shows the abundance of bioactive compounds in 
the species that require more attention to be utilized to 
their full potential.

Slightly different phytochemical compounds were 
detected in the ethyl acetate and aqueous extract of the 
A. bilimbi fruit. In the ethyl acetate extract, alkaloids 
and terpenoids were absent, while in the aqueous 
extract, only tannins were not present. Although more 
compounds were observed in the aqueous extract than in 
the ethyl acetate extract, it exhibited lower antibacterial 
properties compared to ethyl acetate extract in this study. 
This is probably due to the water-soluble compounds 
extracted by the aqueous solvent did not have any 
real impact on the antibacterial activity as compared 
to the organic solvents (44). Even so, the efficacy of A. 
bilimbi ethyl acetate extract is still commendable and 
is supported by a previous study (45) which showed 
the inhibition of S. aureus using the same extraction 
solvent. Furthermore, it was found that the juice of A. 
bilimbi which contained oxalic and ascorbic acid was 
ultimately able to kill bacteria in the undissociated form 
by penetration of the bacterial cell membrane (30).

According to (34), flavonoids, tannins, and terpenes 
have been proven to show significant antibacterial 
activities. The alkaloids, flavonoids, phenols, 
terpenoids, and tannins present in the extracts of A. 
bilimbi fruits exert antimicrobial action via different 
mechanisms (46). Alkaloids may disrupt the cell wall 
synthesis of the bacteria by intercalating with their 
DNA (44). Flavonoids bring about energy exhaustion 
in the bacteria by forming complexes with the bacterial 
proteins and suppressing their enzymes (47). According 
to (48), the presence of phenols interfered with the 
membrane permeability of the bacteria. The lipid profile 
of the bacterial cell wall was affected by the terpenes 
(49). Moreover, the appearance of tannin in bacteria’s 
proline proteins interfered with their protein production 
(46). A previous study (50) suggested that the tannins 
are toxic to bacteria as they can cause deprivation of 
substrates and suppression of enzymes.

CONCLUSION

A. bilimbi fruit extracts can potentially be used as a 
natural antimicrobial agent to treat diseases caused 
by selected bacteria including S. aureus, B. cereus, E. 
coli, and S. typhimurium. Based on the results obtained 

from AST and MIC, the varying strength of antibacterial 
activities detected by both extracts for each type of 
organism does not depend on whether the organisms 
are gram-positive or gram-negative. In this present study, 
ethyl acetate extracts were found to be more effective 
against the selected bacteria compared to the aqueous 
extract. Thus, it is probably able to replace the usage of 
water in extracting the plant materials as a safe organic 
solvent that is easier to handle compared to water. The 
phytochemical compounds that exhibit the antibacterial 
properties in the extracts were alkaloids, flavonoids, 
phenols, terpenoids, tannins, and reducing sugars. All of 
these compounds have their own specific mechanisms 
of action against the microorganism. The presence of 
phytochemical compounds in A. bilimbi is the reason 
why it has been used in traditional medicine. However, 
in vivo studies using animal models must be conducted 
to assess for cytotoxic and biological side effects on 
humans prior to long-term usage.

More effort is needed to investigate the efficacy of the 
A. bilimbi fruits as an antibacterial agent by comparing 
different extraction methods or different types of 
solvents. In this study, the consistency of the pH of the 
extracts used in AST was not measured. The limited 
method of detection of phytochemical compounds by 
using the observation method to the color changes can 
result in observation errors. This detection method has 
very limited reliability because it can only be used for 
main compounds. Therefore, a more precise technique 
by using high-performance liquid chromatography 
(HPLC) or gas chromatography-mass spectroscopy (GC-
MS) to isolate, determine, and quantify the bioactive 
compounds possessed by the A. bilimbi fruits should be 
considered.
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