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Abstract
Xanthomonas oryzae pv. oryzae (Xoo), a pathogen responsible for rice bacterial leaf blight, produces biofilm to protect 
viable Xoo cells from antimicrobial agents. A study was conducted to determine the potency of Acacia mangium methanol 
(AMMH) leaf extract as a Xoo biofilm inhibitor. Four concentrations (3.13, 6.25, 9.38, and 12.5 mg/mL) of AMMH 
leaf extract were tested for their ability to inhibit Xoo biofilm formation on a 96-well microtiter plate. The results 
showed that the negative controls had the highest O.D. values from other treatments, indicating the intense formation 
of biofilm. This was followed by the positive control (Streptomycin sulfate, 0.2 mg/mL) and AMMH leaf extract at 
concentration 3.13 mg/mL, which showed no significant differences in their O.D. values (1.96 and 1.57, respectively). 
All other treatments at concentrations of 6.25, 9.38, and 12.5 mg/mL showed no significant differences in their O.D. 
values (0.91, 0.79, and 0.53, respectively). For inhibition percentages, treatment with concentration 12.5 mg/mL gave 
the highest result (81.25%) followed by treatment at concentrations 6.25 and 9.38 mg/mL that showed no significant 
differences in their inhibition percentage (67.75% and 72.23%, respectively). Concentration 3.13 mg/mL resulted in 
44.49% of biofilm inhibition and the positive control resulted in 30.75% of biofilm inhibition. Confocal laser scanning 
microscopy (CLSM) analysis of Xoo biofilm inhibition and breakdown showed the presence of non-viable Xoo cells 
and changes in aggregation size due to increase in AMMH leaf extract concentration. Control slides showed the 
absence of Xoo dead cells.
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Supressão de Xanthomonas oryzae pv. oryzae: formação do biofilme oryzae 
pelo extrato de folhas de metanol de Acacia mangium

Resumo
Xanthomonas oryzae pv. oryzae (Xoo), um patogênico responsável pela influência bacteriana na folha do arroz, produz 
biofilme para proteger células Xoo viáveis de agentes antimicrobianos. Foi conduzido um estudo para determinar 
a potência do extrato de folha de Acacia mangium methanol (AMMH) como um inibidor de biofilme Xoo. Quatro 
concentrações (3,13, 6,25, 9,38 e 12,5 mg/mL) de extrato de folha de AMMH foram testadas quanto à sua capacidade 
de inibir a formação de biofilme Xoo em uma placa de microtitulação de 96 poços. Os resultados mostraram que 
os controles negativos tiveram o maior valor de OD do que os outros tratamentos, indicando a intensa formação de 
biofilme. Isso foi seguido do controle positivo (sulfato de estreptomicina, com concentração de 0,2 mg/mL, e extrato 
de folha de AMMH, com concentração de 3,13 mg/mL), que não apresentou diferenças significativas nos seus valores 
OD (1,96 e 1,57, respectivamente). Todos os outros tratamentos com concentrações de 6,25, 9,38, e 12,5 mg/mL não 
tiveram diferenças significativas nos seus valores OD (0,91, 0,79, e 0,53, respectivamente). Para percentagens de 
inibição, o tratamento com concentração 12,5 mg/mL apresentou o maior resultado (81,25%), seguido do tratamento 
em concentrações de 6,25 e 9,38 mg/mL, que não mostraram diferenças significativas na sua percentagem de inibição 
(67,75 e 72,23%, respectivamente). Concentração 3,13 mg/mL resultou em 44,49% de inibição do biofilme, e o controle 
positivo resultou em 30,75% de inibição do biofilme. Análise por microscopia confocal de leitura a laser de inibição 
e separação de biofilme Xoo revelou a presença de células Xoo não viáveis e alterações no tamanho da agregação por 
causa do aumento na concentração de extrato de folha de AMMH. Slides de controle mostraram a ausência de células 
Xoo mortas.
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1. Introduction

Xanthomonas oryzae pv. oryzae is a common bacterial 
pathogen accountable for rice leaf blight. The  history 
of this pathogen began in Japan in 1884-1885 and 
later spread worldwide to other rice growing countries 
(Gnanamanickam et al., 1999). This pathogen enters the 
hydathodes or wounds, multiplies in the epitheme, and 
then moves along the xylem vessels where it begins to 
manifest the symptoms of blight disease on rice leaves 
(He et al., 2010). Like other plant bacterial pathogens, 
chemical communication is important for Xoo to induce 
biofilm formation and express its virulence traits. Thus, 
dissipating this mechanism of communication will enable 
the successful control of Xoo infection by reducing its 
virulence and pathogenicity (Singh et al., 2017).

Phytopathogens have evolved virulence factors that 
use diverse strategies to maintain survival in different 
environmental conditions and to successfully colonize and 
invade their hosts. Virulence factors are secreted in the 
extracellular environment of host cells. Biofilm is among 
the virulence factors in bacterial infection and is important 
for bacterial colonization and disease development. Biofilm 
is a matrix-enclosed bacterial population that adheres to 
each other with surfaces or interfaces (Costerton et al., 
1995). Biofilm is known as a complex multilayer cellular 
structure that attaches to inanimate surfaces or tissues and 
that is embedded within an exopolysaccharide material 
(Kjelleberg and Molin, 2002; Dow et al., 2003).

Biofilms provide the predominant space for bacterial 
species to live in artificial and natural environments. 
The dynamic structures of biofilm amidst planktonic 
and biofilm modes of growth usually form in response 
to different environmental signals (Sutherland, 2001). 
The ability of phytopathogenic bacteria to form and separate 
from biofilms is an important indicator for durability on 
leaf surfaces and inside host plants. Infections spread 
throughout a plant and then complete the disease cycle 
(Crossman and Dow, 2004). Bacteria living in biofilms 
differ in their physiology from free-living cells. Biofilms 
supply limited nutrients for bacteria, which promotes 
the exchange of genetic material and increases diversity 
(Boles et al., 2004). Bacterial cells that predominantly live 
within biofilms are generally more resistant to antibiotics, 
host defense responses, and environmental stresses than 
planktonic bacteria (Rigano et al., 2007).

Various bacterial and fungal infections can be controlled 
by inhibiting biofilm formation. An alternative to block 
biofilm formation is the use of plant extracts and active 
compounds (Lizana et al., 2013; Sanchez et al., 2016). Plants 
are living organisms that generate hundreds or even thousands 
of secondary metabolites proven to possess antimicrobial 
properties against a wide range of pathogens. Plant extracts 
are gaining popularity among scientists worldwide as they 
are typically safe, biodegradable, environmentally friendly, 
and can provide myriad organic chemical compounds 
that can be used and tested against pathogens that trigger 
infection in humans, animals, and plants.

Acacia is a cosmopolitan genus that comprises 
1,200–1,300 species that can be found in the three 
subgenera of Acacia, Aculeiferum, and Phyllodinae 
(Maslin, 1995). This plant belongs to the pea family 
Fabaceae, with subfamily Mimosoideae. Acacia mangium 
Willd, or brown salwood, is the most common Acacia 
species. These are found growing in plantations in 
Peninsular and East Malaysia. In Malaysia, the common 
name for this tree is Sabah salwood or mangium. It is 
native to Australia, Papua New Guinea, and Indonesia 
and known as a fast-growing species. This tree receives 
special consideration in forest plantations due to its 
exceptional growth, reproducibility, and adaptability to 
grow on degraded land (Ajik, 2002).

However, uses of A. mangium for purposes other than 
wood products and timbers have not been extensively 
explored, including its potency as an antimicrobial agent 
against other plant pathogens. This tree is typically harvested 
for wood while other major parts, such as leaves, are left 
to sun-dry and are burned. This study, therefore, was 
conducted to determine the ability of Acacia mangium 
methanol leaf extract to inhibit Xanthomonas oryzae pv. 
oryzae biofilm formation, which is among the important 
virulence factors in bacterial infection.

2. Materials and Methods

2.1. Inhibition of Xoo biofilm formation by AMMH leaf 
extract

The inhibition of Xoo biofilm was conducted using 
96-well flat-bottomed microtiter plates. Four different 
concentrations (12.5, 9.38, 6.25, and 3.13 mg/mL) of 
extract were prepared in sterile Mueller Hinton broth 
(MHB). Each broth with its respective concentration of 
A. mangium methanol (AMMH) leaf extract was pipetted 
into a microtiter plate. The negative control well contained 
only sterile MHB while the positive control well contained 
a mixture of streptomycin sulphate with MHB that yielded 
concentration 0.2 mg/mL (Antunes et al., 2010).

A 50 µL aliquot of standardized Xoo suspension was 
pipetted into each well containing test solutions, including 
the negative and positive control wells. The microtiter 
plate was covered with a lid and incubated at 30°C 
for two days. After incubation, the well contents were 
decanted gently by tapping. Wells were washed twice 
with sterile phosphate buffer solution (PBS) and left to 
dry under laminar flow for 30 minutes. After the wells 
were dry, they were stained with Crystal Violet (CV) and 
left for 30 minutes. Later, the CV was decanted and the 
wells washed several times with sterile distilled water to 
remove CV residues from the plates. A 150 µL aliquot of 
95% ethanol was pipetted into test wells and incubated 
for 30 minutes (Aka and Haji, 2015).

The optical density of well contents was determined 
using a Multiskan Go UV Spectrophotometer set at 
570 nm. Biofilm inhibition was calculated using a formula 
(Equation 1) suggested by Marino et al. (2010):
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The results were analyzed using SAS 9.4 software 
(SAS Institute, 2013) to compare the means of inhibition 
between concentrations and controls.

2.2. Confocal laser scanning microscopy analysis on 
biofilm inhibition and breakdown structure

The effect of AMMH leaf extract against Xoo biofilm 
was measured on a glass microscope slides. To study the 
effect of AMMH leaf extract against Xoo biofilm inhibition, 
four Falcon tubes with total volumes of 35 mL of MHB with 
different extract concentration mixture was prepared to obtain 
final concentrations of 3.13, 6.25, 9.38, and 12.5 mg/mL 
alongside the glass microscope slides within the tubes. 
A 100 µL aliquot of standardized Xoo suspension was 
pipetted into each Falcon tube. The control tube contained 
only MHB and Xoo suspension. The control tube and 
Falcon tubes along with the test materials were incubated 
for 48 hours at 30 °C (Pratiwi et al., 2015).

To examine the breakdown of biofilm formation, 500 µL 
of Xoo suspension was dispersed onto glass microscope 
slides that were then placed in glass Petri dishes and 
incubated at 30 °C for 48 hours without any disturbance. 
Then, the glass slides were taken out and washed gently 
with sterile PBS before being placed into four Falcon 
tubes with different concentrations of AMMH leaf extract 
and the control tubes. The tubes were then incubated for 
48 hours at 30 °C (Pratiwi et al., 2015).

After incubation, all glass slides for both assays were 
removed from the broth mixture and washed gently with 
PBS. The glass slides were air dried under laminar flow for 
15 minutes to remove excess PBS. A LIVE/DEAD BacLight 
(L7012) bacterial viability kit (Thermo Fisher Scientific) 
containing component A, SYSTO 9 dye (3.34 mM), and 
component B, propidium iodide (20 mM), was prepared 
with a 1:1 ratio according to the manufacturer’s instructions. 
A 3 µL aliquot of LIVE/DEAD stain was mixed into 1 mL 
of distilled water and vortexed to ensure the solutions 
were well mixed. The dried glass slides were stained 
with 200 µL of the LIVE/DEAD stain and covered with 
glass cover slips. The glass cover slips were sealed with 
transparent nail polish and then incubated in the dark for 
30 minutes. The stained glass slides were viewed on the 
same day using the CLSM unit at the Microscopy Unit, 
Institute of Bioscience, UPM. During the staining process, 
the stain and stained samples were protected against light 
to ensure the viability of the stain.

3. Results and Discussion
3.1. Inhibition of Xoo biofilm formation by AMMH leaf 
extract

AMMH leaf extract at concentrations ranging from 
3.13 to 12.5 mg/mL exhibited different optical density 
values represented by Xoo biofilm formation and inhibition 
percentage of Xoo biofilm. Table 1 shows that the control 
(broth containing untreated Xoo cells) had the highest mean 
of optical density value of 2.83 followed by treatment 
with streptomycin sulphate (1.96) at a concentration of 
0.2 mg/mL, which showed no significance difference 
with treatment using AMMH leaf extract (1.57) at a 
concentration of 3.13 mg/mL. The number of Xoo cells 
was reduced after exposure to increasing concentrations 
of AMMH leaf extract of 6.25, 9.38, and 12.5 mg/mL, 
corresponding to optical density (O.D.) values of 0.91, 
0.79, and 0.53, respectively (Table 1).

Inhibition percentage showed that AMMH leaf extract 
at a concentration of 12.5 mg/mL possessed the highest 
inhibition at 81.25%. The Xoo biofilm inhibition reduced 
when the concentration of AMMH leaf extract was reduced. 
Concentrations of 6.25 and 9.38 mg/mL showed no significant 
differences with Xoo biofilm inhibition percentages 
of 67.75% and 72.23%, respectively. The Xoo biofilm 
inhibition by streptomycin sulphate showed the lowest 
inhibition percentage of 30.75%. The inhibition of Xoo 
biofilm showed significant differences among treatments.

The decrement in absorbance value for different 
treatments showed that biofilm formation was reduced 
laterally after exposure to higher AMMH leaf extract 
concentrations. Both controls (broth and streptomycin) 
contained greater numbers of Xoo cells and gave higher 
optical density (O.D.) values compared with Xoo cells 
treated with AMMH leaf extract.

In vitro success in controlling Xoo biofilm formation by 
AMMH leaf extract may be an important key for controlling 
Xoo in-vivo. In 2014, a study on inhibition of X. citri biofilm 
formation using D-leucine and 3-indolylacetonitrile in vitro 
provided useful information in controlling X. citri in the 
glasshouse (Li and Wang, 2014). Based on the in‑vitro 
results, they tested the ability of these compounds to inhibit 
X. citri biofilm in the glasshouse using foliar-applied 
biofilm inhibitors to control canker on citrus.

To date, there has been no scientific publication on the 
antibiofilm activity of plant extracts against Xanthomonas. 
Most of the studies used pure organic compounds such as 
monoacylglycerols, 2-(methylsulfonyl)-5-(4-fluorophenyl)-1, 
3, 4-oxadiazole, cis-2-decenoic acid, and β−mannanase to 
determine antibiofilm activity against genus Xanthomonas 

Table 1. Biofilm formation and inhibition percentage of Xanthomonas oryzae pv. Oryzae.

Parameters Controls AMMH Leaf Extract (mg/mL)
Negative Positive 3.13 6.25 9.38 12.5

O.D.570 2.83±1.06c 1.96±0.22b 1.57±0.17b 0.91±0.08a 0.79±0.09a 0.53±0.05a

Inhibition % - 30.75a 44.49b 67.75c 72.23c 81.25d

Note: Means were compared among the treatments for each parameter with N = 9 (p < 0.05). Means with the same letters indicate 
no significance difference among the treatments.
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(Dow et al., 2003; Marques et al., 2015; Shi et al., 2015; 
Ham and Kim, 2016).

3.2. Confocal laser scanning microscopy observation of 
biofilm inhibition and breakdown

Confocal laser scanning microscopy analysis on biofilm 
inhibition and breakdown showed clearly the conditions of 
Xoo biofilm after being treated with AMMH leaf extract 
compared with the control. The Xoo dead cells increased 
when the concentration of AMMH leaf extract increased. 
The control showed no visible dead cells after staining with 
LIVE/DEAD stain. The aggregation size of biofilm was more 

compact when treated with the lower AMMH leaf extract 
concentration of 3.13 mg/mL. The biofilm aggregation 
began to separate at a concentration of 6.25 mg/mL and 
completely diminished at a concentration of 12.5 mg/mL 
(Figures 1 and 2).

Based on the CLSM observation, both assays showed 
distinct effects when treated with AMMH leaf extract. 
Biofilm inhibition by AMMH leaf extract at a concentration 
of 3.13 mg/mL showed the presence of more dead cells 
compared with the breakdown assay. In the breakdown 
assay, the absence of Xoo dead cells was nearly the same as 
in the control. Even though the aggregation sizes for both 

Figure 1. Confocal laser scanning microscopy images of X. oryzae pv. oryzae biofilm inhibition by AMMH leaf extract. 
The Xoo biofilm was easily inhibited at various concentrations of AMMH leaf extract. There were visible dead bacterial 
cells present in the AMMH 3.13, 6.25, 9.38, and 12.5 mg/mL images. Dead cells were represented by red coloration when 
stained with LIVE/DEAD BacLight. Control showed the absence of dead bacterial cells. CLSM imaging was conducted after 
48 hours of incubation and under magnification 1 x 63 with scale bar 20 µm.
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assays were reduced when the concentration of AMMH leaf 
extract was increased, the breakdown assay still showed 
the presence of cell aggregation at the higher concentration 
of 12.5 mg/mL compared with the inhibition assay.

Differences in the visual results of both assays are in 
agreement with previous findings (Lou, 2010), which state 
that the breakdown of biofilm using antibacterial agents 
has become quite challenging. This situation has been 
related to solid formation and attachment of the biofilm 

itself to the surface. Differing from inhibition activity, 
the antibacterial compounds act as preventative agents 
by killing and interrupting the ability of the bacterial cell 
to attach and form the biofilm.

In both assays, increased extract concentration caused 
a loss of aggregate structures and reduced cell density 
compared with the control, in which the cells tended to form 
clusters due to live cells embedded in the polysaccharide 
matrix (Pratiwi et al., 2015). The dead cells in both assays 

Figure 2. Confocal laser scanning microscopy images of X. oryzae pv. oryzae biofilm breakdown by AMMH leaf extract. There 
were fewer dead cells in the AMMH 3.13 and 6.25 mg/mL images, showing that biofilm breakdown requires higher AMMH 
leaf extract concentrations. The massive Xoo dead cells were only observed in images for AMMH 9.38 and 12.5 mg/mL 
concentrations. CLSM imaging was conducted after 48 hours of incubation and under magnification 1 x 63 with scale bar 
20 µm.
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tended to be present within the colonies portion and are 
surrounded by an outer layer of live cells. Previous research 
had related the presence of active compounds within 
plant extracts interacting with the expression genes that 
contribute to initial attachment, facilitating the reduction 
of biofilm formation (Dineshbabu et al., 2015).

The presence of plant extracts in the growth medium 
for biofilm created unfavorable conditions for biofilm 
attachment. Biofilm attachment requires organic and 
inorganic molecules as well as nutrients for surface 
conditioning. A lack of nutrients will cause the bacterial 
cells within the biofilm to revert to planktonic state. 
Later, the bacterial cells will become unattached and float 
freely when treated with leaf extract (Lou, 2010). Surface 
conditioning enhances cell growth and provides the most 
suitable and stable conditions for cell attachment, hence 
promoting the cells’ adherence to the surface and leading 
to infection (Sandasi et al., 2010).
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