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Abstract

In the present study, the water extracts of Averrhoa bilimbi at different maturity stages were evaluated to
investigate antimicrobial activity against two Gram positive and three Gram negative bacteria by disc diffusion and
broth dilution assays. All of the bacterial isolates showed varying degrees of sensitivity towards A. bilimbi extracts.
For disc diffusion assay, Gram positive bacterium, Staphylococcus aureus was more sensitive to the extract than
Bacillus cereus with inhibition zone of 9.3 mm (young fruit), 12.3 mm (mature fruit) and 10 mm (ripe fruit). The
findings also demonstrated that the extracts have stronger antimicrobial effects against Gram negative bacteria,
Salmonella spp. with inhibition zone of 12 mm at young fruit, 11 mm at mature fruit and 9.3 mm at ripe fruit than
Escherichia coli and Pseudomonas aeruginosa. From broth dilution method, the MIC of extracts were 0.125 gml-1 at
young stage, 0.25 gml-1 at mature stage and 0.5 gml-1 at ripe stage against Escherichia coli while 0.25 gml-1 at
either young or ripe stage and 0.125 gml-1 at mature stage for S. aureus. The results suggested that the
antimicrobial properties are influenced by the maturity stages of the fruit especially at early stage of maturity.
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Introduction
Natural products are valuable sources of structurally diverse

chemical compounds. Many such compounds have been isolated from
different part of sources and applied into clinical medical practice [1].
Among the natural resources, fruits and vegetables have been widely
studied for the discovery of antimicrobial, anticancer, antioxidants,
anti-inflammatory and others [2]. Recently, underutilized fruits have
drawn attention of many researchers as a natural source of treatment
for curing various diseases. Moreover, antibacterial activities of
extracts have been reported by many scientists [3,4].

Averrhoa bilimbi from Oxalidaceae family is an edible and
underutilized fruits, native from South-East Asia and cultivated in
some parts of India [1]. Traditionally, the leaves are used as paste on
itches, swelling, skin eruptions, cough, sites of poisonous, etc. The
decoction of fruits is also treating inflammatory conditions including
hepatitis, fever and diarrhea. In some villages in India, the fruit has
been used in folk medicine to control obesity [5]. In Java, the fruits
combined with pepper are eaten that cause sweating when people are
feeling under the weather. Usually, mixture of fruits are being harvest
and used together, no study has been done to determine the most
effective fruits maturity to be used for medicinal purpose. Hence the
present study has been aimed to investigate the effect of antimicrobial
activities of A. bilimbi extract at different maturity stages against some
bacterial isolates.

Materials and Methods

Fruits extraction
A. bilimbi fruits at various maturity stages were purchased from

local villagers in Machang and Jeli districts in Kelantan, Malaysia.
Fruits with good condition (colour, size, shape, no defects and decay)
at each maturity stages were selected. The ripening stage of the fruits
was distinguished through physical observation. To obtain fruits juice,
water extraction method was conducted. Selected fruits according to
their maturity were cut into halves, and 50 g fruit were weighed and
blended with 100 ml water. To obtain clear juice, the blended fruits
were filtered through a muslin cloth or a stainless steel filter with small
porosity. The filtered fruit extracts were immediately stored in freezer
at 0°C.

Microorganisms
Five species of bacteria used in this study consists of two Gram-

positive (Staphylococcus aureus, Bacillus cereus), three Gram-negative
(Pseudomonas aeruginosa, E. coli and Salmonella spp.) were obtained
from Director of Veterinary Research Institute, Ipoh. The test bacteria
was sub-cultured into nutrient agar (Baker and Palister, 1998) and
maintained at 4°C respectively.

Culture preparation
All the bacteria were sub-cultured on nutrient agar for inoculation.

Single colony of each subculture bacteria was inoculated in 10 ml LB
broth and incubated at 37°C for 24 hours on incubator shaker at 150
rpm. These stock cultures were kept at 4°C for antimicrobial assays [6].
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Screening of fruit extracts using disc diffusion assay
The disc diffusion test was performed using a modified Kirby-Bauer

method [7]. 100 µl of the microbial suspension was added and
swabbed onto the surface of nutrient agar (NA). The plates were
allowed to dry at room temperature within 15 minutes. Next, 10 µl of
fruit extract with concentration of 0.5 gml-1 were immersed into a
sterile 6 mm paper discs and allowed to dry for 1 hour in a laminar
flow hood. Dry discs were aseptically placed on NA. Disc with
Ampicillin was used as a control. The plates were incubated at 37°C for
24 h. Antimicrobial activity was evaluated by measuring inhibition
zone diameters.

Determination of minimum inhibitory concentrations using
broth dilution assay
The minimum inhibitory concentrations (MICs) of all fruit extracts

against 5 microbial strains were determined using broth dilution assay.
The fruit extracts were diluted using serial two fold dilution method to
obtain seven different concentrations starting with 0.5 mgml-1 and
0.008 mgml-1 [8]. Then, 1 ml of the microbial suspension of S. aureus
and E. coli (2 × 106 cfuml-1) were added to each test tube [9]. The
control test tube containing medium only was used to confirm the
sterility of the medium. All culture test tubes were incubated at 37°C
for 24 hours. Afterwards, incubation tubes were observed for changes
in turbidity as an indicator of growth. The lowest concentration that
did not permit any visible growth was considered as MIC [10].

Results and Discussions

Disc diffusion assay
The zones of inhibition observed in the disc diffusion assay are

shown in the Table 1. Zone of inhibition ≥8 mm were considered as
inhibitions resulting from considerable antimicrobial activity.

Diameter zone of inhibition interpretation: ≤11 mm (resistant),
12-13 mm (intermediate), ≥14 mm (susceptible).

Bacteria Zone of inhibition (mm)

  Averrhoa bilimbi Extracts*
Standard
antibiotics

  Young Mature Ripe (Ampicilin)

Gram
positive

 

S. aureus 9.3 12.3 10 18.7

B. cereus 8 9.7 9 8.3

Gram
negative

 

 

E. coli 10.3 10 8 14

P. aeruginosa 9 8.7 8.3 12.3

Salmonella
spp. 12 11 9.3 16.7

* extracts concentration 0.5 gml-1

Table 1: Zone of inhibition of A. bilimbi extract at different maturity
stages against test bacteria on NA using disc diffusion assay.

Mature fruit extract of A. bilimbi exhibited a maximum inhibition
zone of 12.3 mm and 9.7 mm against both Gram positive bacteria of S.
aureus and B. cereus. Young fruit extracts showed a maximum zone of
inhibition against Salmonella spp. (12 mm) followed by mature stage
(11 mm) and ripe stage (9.3 mm). Young and mature stages of extracts
showed a very good antimicrobial activity when compared to ripe
stage.

The minimum inhibitory concentrations (MIC) values of
extracts

Table 2 show the MIC values of A. bilimbi extracts against E. coli
increases as the fruits ripen. Young stage of A. bilimbi was found to be
most effective against E. coli with MIC value of 0.125 gml-1. However,
mature fruit of extract was more effective than other stages as
indicated by its lower MIC (0.125 gml-1) values against S. aureus.

Bacteria

 

Maturity stages

 

Concentration of extract (gml-1)

MIC (gml-1)

 

0.5 0.25 0.125 0.063 0.031 0.016 0.008

E. coli

 

 

Young − − − + + + − 0.125

Mature − − + + + − − 0.25

Ripe − + + + + + + 0.5

S. aureus

 

 

Young − − + + + − − 0.25

Mature − − − + + − + 0.125

Ripe − − + + + − − 0.25

‘−‘ indicates no growth ‘+’ indicates growth (turbidity)

Table 2: MIC value for extracts at each maturity stages against Gram negative bacteria of E. coli and Gram positive bacteria of S. aureus.

Conclusions
A. bilimbi fruit extracts at all stages of ripening has some inhibitory

activities against selected bacterial strains. However, extracts from

younger fruits are more effective against the bacteria. The high content
of bioactive compounds in the first stages of fruits might contribute to
the antimicrobial properties of the fruits [11]. A. bilimbi contains
oxalic acid which is strong acid that might have an action on bacterial
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growth; This is supported by [12], who reported that the content of
oxalic acid in Averrhoa species can become a potent source of
antioxidant and antimicrobial against S. aureus. Further studies need
to be done to determine different type of compounds being produce at
different maturity stages in order to support this finding.
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