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Abstract
Microorganisms such as Pseudomonas aeruginosa have always been adaptable in surviving the harsh
environment such as antimicrobial agents via the quorum sensing (QS) mechanism. Studies have shown
that quorum sensing mechanism cases have been highly associated with foodborne illnesses. Since
synthetic compounds such as azithromycin (AZM) are reported to have detrimental effects on human,
using medicinal local plants have been gaining attention as an anti-quorum agent. The aim of this study
was to determine the anti-quorum sensing activity of the Curcuma xanthorrhiza Roxb. extract against P.
aeruginosa ATCC35554 quorum sensing system including swarming motility, pyocyanin production and
biofilm formation. The results indicated that the extract required a high concentration to inhibit and kill
the P. aeruginosa with minimum inhibition concentration (MIC) and minimum bactericidal concentration
(MBC) values of 200 and >700 mg/mL, respectively. Thus, anti-quorum sensing assays were done in
concentration up to 200 mg/mL. The inhibition of quorum sensing activity of C. xanthorrhiza Roxb.
extract on P. aeruginosa quorum sensing was concentration dependent manner. At 200 mg/mL of the
extract exhibited 72.12% reduction of swarming motility, 84.30% inhibition of the pyocyanin production
and 78.35% reduction in the biofilm formation. In conclusion the crude extract of C. xanthorrhiza Roxb.
extract has ability to reduce the virulence factors; swarming motility, pyocyanin production and biofilm
formation regulated by quorum sensing. Thus, the extract C. xanthorrhiza Roxb. extract has anti-quorum
sensing or quorum quenching activity.
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production, biofilm formation.
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INTRODUCTION
The global food safety and the economy
have been reported to be seriously affected by the
increasing foodborne illnesses and food spoilage1,2.
Contamination by the foodborne pathogens have
led to numerous cases of diarrhea, vomiting,
abdominal pain and even deaths 3-5 . While
urbanized countries such as the United States and
the United Kingdom have a good statistical reports
on the phenomenon6, less developed countries
such as Malaysia are not as able to efficiently tackle
the issue due to the lack of incidents reported7,8.
In order to combat and prevent the
foodborne contaminations, antimicrobial agents
used often possess a selective toxicity and targets
the difference between the microorganism
metabolism and the human cell’s’ structures and
features9,10. However, the frequent usages of
these products such as antibiotics have led to an
emergence of antibiotic resistant bacteria strain11.
Therefore, to reduce the antibiotic dependencies,
alternative stratagems such as quorum sensing
have been researched12,13.
Quorum sensing (QS) is a bacteria
cell-to-cell communication mechanism used to
determine the bacterial physiology including the
local population density as well as adapting to
the harsh and ever-changing environment such as
antibacterial agents innate immune responses14-16.
QS is a type of bacterial communication systems
that allow determination of the bacterial physiology
via the production of diffusible signaling molecules
known as autoinducers (AI) such as oligopeptides
and N-acyl homoserine lactones in Gram-positive
and Gram-negative bacteria, respectively 15.
QS system is greatly associated with bacterial
pathogenicity and spoilage contamination on food
products17. Through the production of diffusible
signaling molecules known as autoinducers (AI) in
Gram-positive (oligopeptides) and Gram-negative
(N-acyl homoserine lactone (AHL)) bacteria15,
these microorganisms are able to regulate the QS
mechanism. P. aeruginosa QS systems have been
reported to be highly adaptable in responding
towards the external biological stresses by
producing virulence factors such as pyocyanin,
swarming and biofilm formation19.
Since synthetic quorum quenching
compounds such as azithromycin (AZM) are
reported to have detrimental effects on human,
Journal of Pure and Applied Microbiology

usage of natural products from plant extracts have
been gaining popularity in eliminating microbial
contamination on the food products20. Javanese
turmeric (Curcuma xanthorrhiza Roxb.) or locally
known as “temu lawak” can be found in tropical
countries such as Malaysia and Indonesia21. C.
xanthorrhiza Roxb. has been traditionally used
for food and medicinal purposes22,23. The Javanese
turmeric has been reported to have bioactive
compounds including curcuminoids, camphor,
geranyl acetate, zerumbone, b-curcumene,
zingiberene, ar-curcumene and xanthorrhizol24.
Therefore, the aim of this study is to evaluate the
antimicrobial and quorum quenching activity of
the ethanolic extract against P. aeruginosa in vitro.
MATERIALS AND METHODS
Bacterial Strain
P. aeruginosa strain used in this research
was ATCC35554 obtained from the American Type
Culture Collection and cultured in Pseudomonas
agar. During the study, bacteria was grown at
least over 12 hours in Luria Bertani (LB) broth and
streaked onto a LB agar media to obtain a single
P. aeruginosa colony. The culture was preserved
in a sterile universal bottle at 4°C for short term
holding and at -20°C for long term holding in sterile
universal bottles and agar plates25,26.
Curcuma xanthorrhiza Roxb. Rhizome Sample
and Extraction
A 10 month old of C. xanthorrhiza Roxb.
or Javanese turmeric rhizomes were obtained
from Kebun Percobaan, Cikabayan, Damaga,
Bogor, Bogor Agricultural University (IPB). The
rhizomes were sorted to remove all of the soil
and dirt. The rhizome was then chopped manually
approximately 5-7 mm. The sliced rhizomes were
dried using oven drying (55°C) and powdered into
60 meshes with a grinder. C. xanthorrhiza Roxb.
rhizome extraction was done as per method by
Ab Halim et al.27. Briefly, 100 g of the powdered
rhizome was soaked in 400 mL of ethanol for 48
hours at room temperature. The mixture was
then filtered using Whatman filter No.2 and
evaporated with a vacuum evaporator at 50°C to
obtain a concentrated ethanolic crude extract.
The ethanolic extract of C. xanthorrhiza Roxb. was
preserved in an universal bottle at 4°C for further
use28.
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D ete r m i n at i o n o f M i n i m u m I n h i b i to r y
Concentration (MIC) and minimum Bactericidal
Concentration (MBC)
Determination of MIC and MBC of C.
xanthorrhiza Roxb. extract on P. aeruginosa
culture were done using the standard method of
Clinical and Laboratory Standards Institute (CLSI)30.
Through MIC and MBC assay, the concentrations
of the extract to inhibit and kill the P. aeruginosa
culture, respectively, were conducted. Briefly, in
the study, 10 mg/mL chlorhexidine and dimethyl
sulfoxide (DMSO) were used as positive and
negative controls, respectively. Since chlorhexidine
have been known to for its effectiveness against
vast spectrum of bacteria while DMSO is commonly
used as the negative control due to the absence
of antimicrobial activity. As per the CLSI30, the first
two wells of the 96 well plate, were allocated for
the positive and negative control for MIC assay.
Meanwhile, the rest of the wells were aliquoted
with the extract diluted with MH broth to obtain
concentration of 10-800 mg/mL. In MBC test, 10
µL aliquot from each well was inoculated onto a
sterile MH agar and incubated for 24 hours at 37°C.
After the incubation, wells that shows no bacterial
growth represents the minimum concentration
needed to kill the P. aeruginosa.
Growth Assay
To further study the antimicrobial activity
of the ethanolic extract against P. aeruginosa
growth, Log10 Colony Forming Units (CFU) was done
on Nutrient agar plates. The method was chosen
as the bacterial count capacity can be adjusted via
serial dilutions and the method allow only viable
bacterial colony to be counted31. A culture (OD600
∼0.1) incubated at 37°C with shaking at 200 RPM
for four hours was inoculated into sterile universal
bottles containing 9 mL of LB broth. 1 mL of the
extract (0-200 mg/mL) was added to the respective
bottles and incubated at 37°C for 24 hours. A 100
µL of culture was aseptically spread onto Nutrient
agars using a glass hockey stick before 24 hours
incubation. The colonies formed were counted
and the CFU/mL was calculated.
Swarming Activity Assay
Based from the antimicrobial assays,
the extract concentration needed to observe
the C. xanthorrhiza Roxb. quorum quenching
activity against P. aeruginosa was 0-200 mg/mL. In
swarming inhibition assay, approximately 0.1 OD600
Journal of Pure and Applied Microbiology

P. aeruginosa culture was inoculated into universal
bottles containing the extract (0-200 mg/mL) and
incubated overnight at 37°C with 180 rpm shaking.
The culture was then inoculated onto a swarming
agar media consisting of 0.5% (w/v) agar and 8
g/L nutrient broth using a sterile toothpick32. The
plates were then incubated at 37°C for 24 hours
and the mean length of the swarming distance
between the central of the inoculation site was
determined.
Pyocyanin Production Assay
Inhibition on pyocyanin pigment
production was done according to the method
by King et al.33. From the swarming assay, the
swarming colony was scooped from the media,
cut into small pieces and added with 5 mL of saline
(0.85% NaCl) in centrifuge tubes. The tubes were
centrifuged at 10,000 RPM for 10 minute twice34. A
5 mL of the supernatant was mixed vigorously with
3 mL chloroform before discarding the aqueous
phase34-37. The pigment was then re-extracted
with 1 mL of 0.2 N HCl and the mixture was mixed
vigorously to elicit a pink red solution35,38. The red
pink solution was centrifuged at 8,000 RPM for 10
minutes and the relative pyocyanin concentration
was measured using a spectrophotometer at
OD 520 with 0.2 N as blank 36,38,39. The pigment
concentration was then calculated by multiplying
the optical density value by 17.07249,41.
Biofilm Formation Assay
The effect of the ethanolic extract of C.
xanthorrhiza Roxb. against P. aeruginosa biofilm
formation was done according to Varposhti et
al.42. Each well of the 96-microtiter flat-well plate
consist of 50 µL of the LB broth and 50 µL of the
extract (0-200 mg/mL). A100 µL of the bacterial
culture at 108 CFU/mL was added into each well,
mixed thoroughly and incubated for 24 hours at
37°C. Post incubation, the wells were washed with
pre-warmed physiological saline and let dry for
10 minutes. Then, 100 µL of the tetrazolium salt
(XTT)/menadione solution was added into each
well and incubated in the dark at 37°C for 4 hours.
After the incubation period, the content of each
well was transferred into a new 96 wells microtiter
plate and the absorbance at OD490 was measured.
The anti-biofilm activities of the plant extracts
was calculated using the percentage mean of
the optical density at 490 nm wavelength against
the untreated biofilm. The decrease in biofilm
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formation of treated samples was compared to
the untreated biofilm were determined.
Statistical Analysis
The tests were done by 2 x 2 and the
results were analyzed using the MINITAB17
software. In the data analysis, the one-way
variance analysis (ANOVA) and the Tukey’s test
were used to determine the significant difference
(P<0.05) between different concentration of plant
extract used (0-200 mg/mL).

such as alkaloid, curcuminoid and terpenoid48,49. Ab
Halim et al.27 have reported that ethanol solvent
have been reported to elicit high phytochemical
compounds such as phenols and tannins compared
to other solvents.
D ete r m i n at i o n o f m i n i m u m i n h i b i to r y
concentration (MIC) and minimum bactericidal
concentration (MBC)
The MIC and MBC result of the C.
xanthorrhiza Roxb. ethanolic extract against P.
aeruginosa was 200 and >700 mg/mL (Table 2).
The results indicated that a high concentration
of the extract was needed to inhibit and kill
the P. aeruginosa culture (200 and 800 mg/mL,
respectively). In the study done by Diastuti et al.50,
the MIC and MBC values of the C. xanthorrhiza
Roxb. extracts on the P. aeruginosa were much
lower than in this study. The difference in
the concentration needed for MIC and MBC
was due to the difference in the extraction
methods and solvents used when isolating the
phytochemical compounds from C. xanthorrhiza

RESULTS AND DISCUSSIONS
Yield of Curcuma xanthorrhiza Roxb. extract
The average crude extract yield of C.
xanthorrhiza Roxb. rhizome was 4.01 ± 0.89%
(Table 1). This result is comparable with the
extraction yield of C. xanthorrhiza Roxb. rhizome
(5.9%) obtain from Ab Halim et al.27. This difference
in yield could be from variety of reasons such as
the method of extraction. The method chosen for
this test was chosen for its simplicity, cheap and
convenience43. Soaking the powdered material
in the solvent allow for the plant’s cell walls to
soften and broken down, releasing the soluble
phytochemicals into the solvent43.

Table 2. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of Curcuma
xanthorrhiza Roxb. extract against Pseudomonas
aeruginosa

Table 1. Extraction yield of the Cucurma xanthorrhiza
Roxb. rhizome
Dried
Extraction
powder (g)		
100
1st
100
2nd
100
3rd
Average ± SD		

Yield
(g)

C. xanthorrhiza Roxb.
extract (mg/mL)

Yield
(9%)
MIC
MBC

4.98
4.98
3.22
3.22
3.82
3.82
4.01 ± 0.89 4.01± 0.98

Roxb. rhizome. Different extraction method and
solvents could have certain affinity on several
phytochemicals over the other. For example, in the
study by Ab Halim et al.27, ethanol extract of the C.
xanthorrhiza Roxb. possesses more phytochemical
compounds such as terpenes, phenols, flavonoids
among others compared to the aqueous solvent.
Difference of affinity in phytochemical extractions
could be due to the polarity attraction from the
ethanol solvent due to its universal characteristics
and versatile solvent51.
Furthermore, the high extract
concentration needed for MIC and MBC could be
due difference between cell wall characteristic of
Gram-negative of P. aeruginosa. Mangunwardoyo
et al. 52 has reported that an extraction of C.

SD, standard deviation

Ethanol was chosen as the solvent due
to its safer and less toxic nature than acetone,
methanol and other organic solvents44-46. Human
liver naturally produce an enzyme known as
alcohol dehydrogenase which functions to
convert alcohol into acetylaldehyde as its source
of energy47. However, when methanol reacts with
alcohol dehydrogenase, it leads to the production
of formaldehyde that is very reactive and may
interact with a host molecule in the body to shut
down the enzymatic pathways47. Since ethanol is a
versatile solvent with a universal characteristic, it
can attract both non-polar and polar compounds
Journal of Pure and Applied Microbiology
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xanthorrhiza Roxb. extract with aquadest, 70%
ethanol and dichloromethane have also failed
to exhibit zones of inhibition on the Gramnegative bacteria such as P. aeruginosa, E. coli,
P. gingivalis as well as fungi C. albicans. Selim et
al.53 and Mangunwardoyo et al.52 have explained
that gram-negative bacteria possess a higher
resistance towards antimicrobial agents as
compared to the Gram-positive bacteria. Such
resistance could be due to higher concentration
of lipid in the cell wall54. Bacterial cell walls are
commonly composed of lipopolysaccharides,
lipoproteins and periplasms that are bonded to the
peptidoglycans55-57. These lipopoly-saccharides in
the cell wall serves as the bacteria defense system
that only selectively allows foreign objects to pass
through the cell wall52.
Since Gram-negative bacterial cell walls
are reported to possess a non-polar characteristic,
this makes polar and semi-polar derived extraction
methods have a higher difficulty to permeate the
cell wall58. Therefore, due to its semi-permeable
outer membrane, Gram-negative bacteria are able
to reduce its susceptibility against antimicrobial
agents by minimizing intake of dangerous
foreign substance such as antimicrobial agents59.
Furthermore, P. aeruginosa outer membrane
permeability is lower than other Gram-negative
bacteria by 12-100 fold60. This serves as a crucial
barrier for the bacteria against penetration by the
antimicrobial agents as these agents will have to
take a longer time to pass through P. aeruginosa
cell wall58. During this time, the bacteria has ample
time to intrinsically gain resistance against the
agents by synergizing via its internal mechanisms
such as the efflux pumps and periplasmic
b-lactamases to actively pump out and/or degrade
the compounds58.
Growth assay
Growth assay at log10 was done to further
confirm the effect of MIC extract concentration
(0-200 mg/mL) on the bacterial growth. The
result showed that the C. xanthorrhiza Roxb.
extract does not or have little insignificant effect
on the growth of P. aeruginosa (Fig. 1). The figure
shows that apart from the positive control, P.
aeruginosa growth was barely affected by the C.
xanthorrhiza Roxb. extract whereby the negative
control (DMSO) and extract at concentration of
0-200 mg/mL showed an insignificant difference of
Journal of Pure and Applied Microbiology

bacterial growth ranging from 8.99 ± 0.18 to 9.73
± 0.05 log10 CFU/mL. Similarly, Ugurlu et al.35 have
also reported that concentrations up to 4 mmol/L
had no effect on the growth of P. aeruginosa
has shown an inhibiting effect on the bacterium
quorum sensing mechanisms. Since compounds
or concentration that do not kill or inhibit the
microbial growth is less likely to promote selective
pressure to develop antibacterial resistance35, C.
xanthorhiza Roxb. ethanolic extract at 0-200 mg/
mL were used to study the quorum quenching
activity against P. aeruginosa.
Swarming assay
Inhibition on swarming motility was
done by measuring the diameter of the swarming

Fig. 1. Log10 CFU/mL of the P. aeruginosa ATCC 35554
growth against treatment with positive control (C+)
10 mg/mL Chlorhexidine, negative control (C-) DMSO,
and C. xanthorrhiza Roxb. extract concentration (0200 mg/mL). The alphabetical grouping represent the
significance different between extract concentration
(Those that share similar letter is not significant
different).

Fig. 2. Effect of the Curcuma xanthorrhiza Roxb. extract
(0 - 200 mg/mL) on the P. aeruginosa swarming motility.
The reduction of swarming diameter (cm) when added
with C. xanthorrhiza Roxb. extract. The alphabetical
grouping represent the significance different between
extract concentration (Those that share similar letter is
not significant different).
1339
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colonies in the presence of 0-200 mg/mL of C.
xanthorrhiza Roxb. ethanolic extract. Fig. 2 display
the decrement of P. aeruginosa swarming colony
diameter. At 0 mg/mL, highest swarming colony
was observed at 4.78 ± 0.29 cm and at 200 mg/
mL, the extract managed to inhibit 72.12% of P.
aeruginosa swarming with a diameter of 1.33 ±
0.12 cm. Crude extract of the spice clove (Syzygium
aromaticum) has also been reported to exhibit
reduction of P. aeruginosa PA0137,61. Since the
swarming activity in P. aeruginosa is induced
and regulated by the rhl system, presence of rhl
inhibitor in the C. xanthorrhiza Roxb. ethanolic
extact is associated with the reduction of P.
aeruginosa swarming activity37.
Progression of swarming motility is
hugely affected by the surfactant productions
such as rhamnolipids (RLs) and 3-hydroxyalkanoic
acids (HAAs)62-64. Such molecules affect swarming
motility via inhibiting and promoting the tendril
formation by displaying different diffusion kinetics
on the agar64. Surfactant such as rhamnolipid
depends on the activation of rhlA, rhlB and rhlC
genes which are governed by the RhlR QS system
and stimulated by the N-butyryl homoserine
lactone induction65,66. Caiazza et al.67 have reported
that mutation or inactivation on the rhlC gene that
encodes the rhamnosyltransferases to initate the
formation of monorhamnolipids can affect the
inhibition on swarming motility.
In another study by Kim and Park 68,
ginger (Zingiber officinale) extract, instead of
inhibiting the swarming activity of P. aeruginosa,
the extract promoted its motility. Despite previous
study by Rasmussen et al.69 have reported the
extract quorum quenching ability such as on
biofilm formation on P. aeruginosa PA14, no such
inhibition was observed in Kim and Park’s study68.
This phenomenon can be explained in the study
by Caiazza et al.70 whereby the inverse regulation
of P. aeruginosa swarming and biofilm activities
is regulated by the flagella reversal and formation
of Pel polysaccharides. Such mechanisms are
crucial in the transition from swarming to biofilm
formation by affecting the initial attachment
between the bacterial and the substratum71.
O’may and Tufenkji 72 reported that
cranberry products which contains a condensed
A-type of proanthocyanidins (PACs), hydrolysable
tannin in pomegranate, catechins containing
Journal of Pure and Applied Microbiology

B-type PACs in the green tea extracts all managed
to inhibit P. aeruginosa swarming, suggesting the
quorum quenching of tannins. As swarming and
biofilm require the QS system to effectively work,
tannin compounds have been reported to be able
to impede the mechanism73,74 as they are able to
bind and precipitate various types of proteins75-77.
Apart from tannins, phenols and phenolic
compounds have also been reported to inhibit P.
aeruginosa swarming motility35,78. Therefore, as the
ethanol solvent of C. xanthorrhiza Roxb. exhibited
the highest recovery of tannins45 and phenols and
phenolic compounds27, the swarming inhibition of
P. aeruginosa by the C. xanthhorhiza Roxb. extract
could be due to its anti-QS properties.
Pyocyanin assay
In the pyocyanin inhibition assay, the
extract was able to inhibit 84.30% of the pigment
production by P. aeruginosa. The inhibition of
pyocyanin pigment production was dependent on
the extract concentration whereby at 0 and 200
mg/mL of the extract, 13.01 ± 1.37 mg/mL and
2.04 ± 0.59 mg/mL of pyocyanin concentration
were produced (Fig. 3). During the extraction of
pyocyanin, chloroform and 0.2 N HCl gave a blue
and red colour, respectively. Pyoycanin colour and
absorption spectrum have been reported to be pH
sensitive and changes according to the exchange
of electrons in the pigment79. For example, at a
neutral pH, pycoyanin produces a strong blue
colour, greenish blue at alkaline and red at an
acidic pH79. Since of the three, the reduced form

Fig. 3. Pyocyanin inhibition by the Curcuma xanthorrhiza
Roxb. extract concentration (0-200 mg/mL). The
pyoycanin concentration (mg/mL) after treated with
Curcuma xanthorrhiza Roxb. extract concentration (0200 mg/mL). The alphabetical grouping represent the
significance different between extract concentration
(Those that share similar letter is not significant
different).
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of pyocyanin have been reported to be unstable
and reactive with molecular oxygen rapidly80,81,
after extraction with chloroform, the pigment was
re-extracted with 0.2 N HCl.
Production of the pyocyanin pigment
is commonly regulated by the Las, Rhl and PQS
systems in which suggesting that P. aeruginosa
pigment inhibition by C. xanthorrhiza Roxb.
affect such systems by binding the autoinducers
to its protein receptors nor interfering with
pyocynin biosynthesis. In the study by Krishnan
et al.37 suggested that the hexane, chloroform and
methanol extract of S. aromatic or clove can affect
P. aeruginosa production of swarming motility and
pyocyanin pigment. Apart from chloroform, both
hexane and methanolic clove extract exhibited
reduction in pyocyanin production and this suggest
that the inhibitions are done by the las and rhl
inhibitors present in the extract37. Therefore, this
could also suggest that the phytochemicals present
in the C. xanthorrhiza Roxb. ethanolic extract might
also consist of such inhibitors.
P. aeruginosa pyocyanin pigment
production has also been reported to be affected
by the concentration of phenols and phenolic
compounds. For example, phenolic compounds
duch as vanilic acid, caffeic acid, cinnamic acid
and ferulic acid prepared in ethanol/water
mixtures were able to reduce approximately
9-21% pyoycanin production35. Such compounds
were also reported to inhibit 50% of the biofilm
formation and swarming motility by P. aeruginosa.
Inhibitions of quorum sensing virulence activity
and biofilm formation by phenolic compounds
are also supported by various studies such as
in the study by Borges et al.81 and the phenolic
compounds present in Moringa oleifera82.
Meanwhile, Ab Halim et al.27 have made a
study on the qualitative phytochemical screening
of C. xanthorrhiza Roxb. extract to show presence
of terpenoids, phenols, flavonoids, saponins,
cardiac glycosids, alkaloids and coumarins.
Futhermore, through the total phenol content
(TPC) test on C. xanthorrhiza Roxb. ethanolic
extract yielded a higher TPC value compared to its
methanolic extract83,84. Phenols and its compounds
have been known for its medicinal properties such
as for skin infections and wound treatments85.
Therefore, apart from its antibacterial, antifungal86
and other medicinal benefits, phenols and its
Journal of Pure and Applied Microbiology

compounds present in the C. xanthorrhiza Roxb.
ethanolic extract might serves as a quorum
quenching agent.
Biofilm assay
P. aeruginosa biofilm formation was done
colorimetrically to measure the inhibition via the
absorbance at 495 nm when the XTT dye was
added to the culture. Pyocyanin is involved in the
formation of biofilm, therefore, in P. aeruginosa
biofilm formation, green colour can be observed.
Post incubation, the culture is washed with saline
to remove the unattached culture to the wells and
XTT dye was added. XTT dye is used as it contains
tetrazolium salt that changes the colour to orange
formazan in the presence of metabolic active cells
in the biofilm87. In this assay, wells treated with
200 mg/mL of the extract showed the lightest
orange colour, while well with 0 mg/mL extract
showed the darkest orange colour. Fig. 4 shows
the inhibition of the biofilm formation to be
concentration dependent. Culture with no extract
(0 mg/mL) exhibited the highest absorbance
at 1.50 ± 0.048 but gradually decreases as the
concentration of the extract increases. This is
portrayed when the addition of 12.5 mg/mL of the
extract managed to inhibit 24.07% of the biofilm
formation while 200 mg/mL of the extract was
able to inhibit it at 78.35% (1.14 ± 0.067 and 0.32
± 0.035 of OD495 value, respectively).
Since the absorbance of the dye
was shown to be decreasing as the extract
concentration increases, this might suggest
inhibition on biofilm formation in this assay due
to increasing concentration of cell death in the

Fig. 4. The inhibition of the P. aeruginosa biofilm
formation by C. xanthorrhiza Roxb. extract via
absorbance at OD 490. The alphabetical grouping
represent the significance different between extract
concentration (Those that share similar letter is not
significant different).
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biofilm88. In the study, up to 50% localized killing
and lysis were observed in the biofilm center
where the microcolonies are formed. There are
several explanations that can attribute to biofilm
cell death such as due reactive oxygen species
(ROS) such as hydrogen peroxide (H2O2) and nitric
oxide (NO) concentration accumulation in the
quorum leading to localized lysis and biofilm cell
deaths88,89.
Normally, NO concentration is regulated
by the production of pyocyanin pigment via redox
reaction90. Pyocyanin is also reported to facilitate
biofilm formation via the release of extracellular
DNA (eDNA) through H2O2 facilitated cell death91.
In the early stages of biofilm development to
form stable and mature biofilm, more than
50% of the biofilm matrixes are produced by
eDNA92,93. eDNA plays a crucial factor by regulating
the interconnection of P. aeruginosa cells 57
such as promoting strong adherence towards
the surface and providing a stable structure
in the exopolysaccharides (EPS) of biofilm 92,93
and involved in cell-to-cell communication92-94.
Furthermore, eDNA also facilitates biofilm
expansion via twitching motility by maintaining
a coherent cell alignment95 and act as a nutrient
source during starvation96,97.
Production of biofilm in P. aeruginosa
has been reported to involve an inverse regulation
between swarming versus biofilm and pyocyanin98.
C-di-GMP, a compound that is found to be
positively regulated in production of pyocyanin
and biofilm was reported to be negatively
regulated when swarming motility is high99-102.
Such claim is also reported in the study by Kim
and Park68 where by the ginger extract were able
to reduce P. aeruginosa biofilm formation but
increases the swarming activity.
Swarming and biofilm formation
relationship involves the type of cell attachment
to the surface. While swarming motility requires
reversible and motile attachment, biofilm
formation involves sessile, non-motile attachment.
Reduction in biofilm formation occurs when
the concentration of non-motile sessile cell
attachment to the surface is decreasing98,103. The
conversion between the two often regulated via
expression of sadB and sadC genes that control
the production of c-di-GMP concentration98,103.
Journal of Pure and Applied Microbiology

Since BifA is a C-di-GMP phosphodiesterase,
interference on its activation can reduce c-di-GMP
concentration thus reducing the signal C-di-GMP
from being transmitted to Pel protein and CheIV
chemotaxis-like cluster components104.
However, a contradiction was raised in
the recent studies whereby both inhibitions on
both quorum sensing regulation virulence were
observed105,106. Both inhibition on swarming and
biofilm formation can also be explained when
the production of its signaling molecules are
interrupted. This is supported by the study by
Krishnan et al.37 whereby the presence of rhl
inhibitor in clove extract were able to reduce
swarming and biofilm production. Furthemore, C.
xanthorrhiza Roxb. ethanolic extract was able to
act as a quorum quenching agent by affecting the
GacA/GacS system, a super QS regulator reported
to aid the four QS systems in P. aeruginosa107. The
super QS regulator can be affected by inactivating
the free Rsma and increasing RetS activity, which
will negatively regulate the production of AIs
and repress biofilm formation, respectively108,109.
Therefore, this could suggest that apart from
inhibiting biofilm maturation, swarming motility
and pyocyanin pigment production by affecting the
concentration of c-di GMP associated mechanisms,
the C. xanthorrhiza Roxb. extract also interfered
with the production of the QS autoinducers
signaling molecules and systems, thus affecting
the activity of swarming, pyoycanin and biofilm
formation.
CONCLUSION
In conclusion, as the extract concentration
chose did not exhibited or only slightly show
the antimicrobial activity against P. aeruginosa
bacterial growth, the inhibition on the quorum
sensing mediated virulence and biofilm formation
could be due to the intrinsic quorum quenching
activities by the extract. The ethanolic extract of
C. xanthorrhiza Roxb. effect on the P. aeruginosa
quorum sensing is concentration dependent
whereby at 200 mg/mL, the extract were able to
inhibit 72.12% of P. aeruginosa swarming, 84.30%
of pyocyanin production and 78.35% of the biofilm
formation. These highlight the extracts’ potential
as a good anti-quorum sensing agent.
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