
INTRODUCTION
 
Food poisoning and foodborne infections caused by 
microbial contamination during processing and storage 
are now becoming major public health problems 
worldwide (Patra & Baek, 2016). In the United States, 
a total of 17,094 outbreaks of foodborne disease 
were documented between 1990 and 2008. A total 
of 370,266 people were reported to be ill as a result 
of these incidents (CDC, 2009a). Foodborne disease 
in Malaysia is also a concern, whereby the incidence 
rate of food poisoning (45.71 per 100,000 population) 
in 2018 was the fourth highest among communicable 
diseases after dengue, hand foot, and mouth disease, 
and tuberculosis (MOH, 2019). In food processing, 
synthetic additives and antimicrobial agents are used 
to alleviate bacterial growth, minimize contamination, 
and extend food shelf life. Unfortunately, synthetic 
additives may be harmful, and the usage of 
preservatives has been linked to respiratory and other 
health issues. Shigella flexneri, Escherichia coli, and 
Salmonella typhimurium are a few of the pathogens 
that cause food poisoning (Scallan et al., 2011) and 
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they belong to the Enterobacteriaceae family. Nearly 
all foodborne pathogens can attach to the surface and 
form a biofilm (Yahya et al. 2014). It has been well 
accepted that medicinal plants play a major role in 
infection control.

Swietenia macrophylla, also known as big-leaf 
mahogany, is a tropical lumber tree that can grow 
to a height of 40-60 m. It is also locally known in 
Malaysia as tunjuk langit (Mohammed et al., 2014). 
The soils and the environmental conditions of S. 
macrophylla can be very different. Usually, this 
plant species is present in alluvial soils, volcanic 
soils, hard clay, lateritis, and soils resulting from 
the sedimentary, igneous, or metamorphic rock 
formation. S. macrophylla is effective against malaria, 
anemia, diarrhea, fever, dysentery, hypertension, 
cancer, cough, chest pain, intestinal parasitism, and 
anti-ulcer, antibacterial, antioxidant as well as anti-
diabetic properties (Goh & Abdul Kadir, 2011). 
According to Swati and Richa (2011), S. macrophylla 
consists mainly of triterpenoids and limonoids.

To date, there are very few published reports 
about the biological activities of S. macrophylla King 
in Malaysia. Antibiofilm and antibacterial activities of 
S. macrophylla against foodborne pathogens remain 

ANTIBACTERIAL AND ANTIBIOFILM ACTIVITIES OF Swietenia 
macrophylla King ETHANOLIC EXTRACT AGAINST FOODBORNE 

PATHOGENS

CHE AMIRA IZZATI CHE MAN, WAN RAZARINAH WAN ABDUL RAZAK 
and MOHD FAKHARUL ZAMAN RAJA YAHYA*

Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia
*E-mail: fakharulzaman@uitm.edu.my

Accepted 3 October 2022, Published online 31 October 2022

ABSTRACT

Swietenia macrophylla is known to possess several medicinal uses, however, its antibacterial and antibiofilm activities against 
foodborne pathogens remain not well investigated. The present work was performed to examine the phytochemical compounds, 
antibacterial and antibiofilm activities of S. macrophylla ethanolic extract (SMEE) against four foodborne pathogens namely, 
Salmonella typhimurium ATCC 14028, Escherichia coli ATCC 25922, Shigella sonnei ATCC 33862 and Pseudomonas 
aeruginosa ATCC 10145. The phytochemical analysis of SMEE was performed using gas chromatography-mass spectrometry 
while the antibacterial activities of SMEE were determined by minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) assays. On the other hand, the antibiofilm and time-killing activities of SMME were evaluated 
using a crystal violet assay. The result demonstrated that SMEE contained major phytochemical compounds such as olean-12-
ene (27.37%), resorcinol (16.45%), 24-noroleana-3,12-diene (13.4%), and germanicol (11.50%). The MIC values of SMEE 
ranged from 31.25 to 500 µg/mL, while all the MBC values were found to be greater than 1000 µg/mL. At the 12 h exposure to 
SMEE, all the biofilms were inhibited by 50% except E. coli. Biofilm inhibitory concentration (BIC50) values of SMEE ranged 
between 5.19 and 42.47 µg/mL. In conclusion, S. macrophylla is a promising source of natural antibacterial and antibiofilm 
agents to treat foodborne diseases.
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not well investigated. Therefore, this study aims to 
investigate the antibiofilm and antibacterial potential 
of S. macrophylla leaves against four foodborne 
pathogens namely, Pseudomonas aeruginosa ATCC 
10145, Escherichia coli ATCC 25922, Salmonella 
typhimurium ATCC 14028 and Shigella sonnei ATCC 
33862.

MATERIALS AND METHODS

Sample collection and plant extraction
Leaves of S. macrophylla (MFI 0161/20) collected 

in Taman Samudra, Batu Caves (3°14’03.1”N, 
101°42’05.1”E) were taxonomically identified and 
certified by the botanist of the Biodiversity Unit, 
Institute of Bioscience, University Putra Malaysia 
(UPM). The sample was air-dried for two weeks 
before being milled into a fine powder with a coffee 
grinder. The crude S. macrophylla ethanolic extract 
(SMEE) was prepared by mixing 100 g of the 
powdered sample with 500 mL of 70% (v/v) ethanol. 
The solution was incubated at room temperature with 
continuous shaking at 150 rpm for three days in an 
orbital shaker. After constant shaking at 150 rpm for 
three days, the sample was filtered using Whatman 
filter paper (Whatman No. 2, 4.25 cm diameter). To 
obtain crude extract paste, the filtrate was concentrated 
using a rotary evaporator at 50 °C under reduced 
pressure. The crude extract obtained was weighed and 
stored in sterile universal bottles and refrigerated at 
-20 °C until further use. Formula to calculate the yield 
of leaves extraction showed as below (Equation 1) 
(Adam et al., 2019):

Equation 1:

Preparation of varying concentrations of the 
extracts

Various concentrations of SMEE were prepared in 
the range between 31.25 and 1000 µg/mL. To prepare 
the stock solution, 0.02 g of SMEE was dissolved in 
a solution containing 1 mL of 2% (v/v) DMSO and 
19 mL of distilled water. The initial concentration of 
SMME (1000 µg/mL) was then serially diluted two-
fold in distilled water to produce 500 µg/mL, 250 µg/
mL, 125 µg/mL, 62.5 µg/mL, and 31.25 µg/mL.

Preparation of test microorganisms
P. aeruginosa ATCC 10145, E. coli ATCC 25922, 

S. typhimurium ATCC 14028, and S. sonnei ATCC 
33862 were obtained from Microbiology Laboratory, 
Faculty of Applied Sciences, UiTM Shah Alam. All 
bacteria were cultured overnight in nutrient broth 
at 37 °C. For all assays, the bacterial density was 

measured using a spectrophotometer and standardized 
to OD 600 of 0.5.

GC-MS analysis 
GC-MS analysis of SMEE was performed as 

previously reported (Rukshana et al., 2017) using 
THERMO Gas Chromatography-TRACE ULTRA 
VER: 5.0.  The temperature of the oven was maintained 
at 220 °C at a rate of 6°C per min while the carrier gas 
was maintained at a rate of 1 mL per min. The split 
sampling procedure was used to insert the sample at a 
ratio of 1:10. By comparing the retention times of the 
series, the retention indices (RI) value was identified. 
Moreover, the classification of each element was 
verified by comparing its retention index with the 
information in the literature. The mass-Spectrum 
interpretation was performed using the National 
Institute of Standard and Technology (NIST) database 
with more than 62,000 patterns. By using the NIST 
library database, the spectrum of the unidentified 
components was compared to the spectrum of known 
components contained in the NIST library. The 
molecular weight, name, chemical composition, and 
molecular formula of the test product components 
were determined.

Determination of minimum inhibitory 
concentration (MIC)

The minimum inhibitory concentration 
(MIC) assay for SMEE was performed in 96-well 
microplates as previously reported by Debalke et al. 
(2008) with few modifications. Fifty µL of nutrient 
broth was loaded to each well, followed by 100 µL 
of SMME (1000 µg/mL, 500 µg/mL, 250 µg/mL, 
125 µg/mL, 62.5 µg/mL and 31.25 µg/mL). Then, 50 
µL of bacterial suspension was added to each well, 
making each well have a total volume of 200 µL. 
The wells containing broth and bacterial suspension 
were used as negative growth controls whereas 
the wells containing ciprofloxacin (64 µg/mL) and 
bacterial suspension were used as positive controls. 
Subsequently, the microplate was incubated for 24 
h at 37 °C incubators. Then, 30 µL of 0.02% (w/v) 
resazurin was added to the wells and incubated at 37 
°C for at least 2 h. The reduction of the blue dye to the 
pink color indicated the presence of viable bacteria. 
The lowest concentration that was able to maintain 
the blue color of the dye was considered MIC. 

Determination of minimum bactericidal 
concentration (MBC)

The results from the MIC assay were used to 
determine the MBC values. A loopful of bacterial 
suspension from the microplate wells at the lowest 
SMEE concentration showing no bacterial growth was 
streaked on Muller-Hinton agar plates to determine 
the viability of the bacterial cells. The plates were 



47ANTIBACTERIAL AND ANTIBIOFILM ACTIVITIES OF Swietenia macrophylla

incubated at 37 °C for 24 h. The minimal bactericidal 
concentration (MBC) of SMEE was defined as the 
lowest concentration at which the bacterial cells were 
killed.

Pellicle assay
The pellicle assay was used to screen all the 

bacteria for biofilm formation. Pellicle assay was 
performed as previously reported by Yahya et al. 
(2017). Two mL of bacterial suspension was loaded 
into a sterile test tube and incubated at 37 °C for 
24 h. The nutrient broth was then discarded, whilst 
the pellicle fraction was washed twice with distilled 
water before being heat-fixed at 60 °C for 30 min. 
The biofilm fraction was then stained with three 
mL of 0.5% (w/v) crystal violet for 10 min, 25% 
(v/v) methanol (Sigma, USA) for 5 min. Lastly, the 
biofilm fraction was rinsed with distilled water gently. 
Biofilm formation is characterized by the formation of 
pellicles and/or adherent bacterial cells on the internal 
surface of the test tube at the air-liquid interface.

Antibiofilm screening assay
Antibiofilm screening assay was performed using 

a method as previously described by Yaacob et al. 
(2021) with some modifications. One hundred uL of 
bacterial suspension (approximately 9 × 108 CFU/mL) 
was loaded into microplate wells. Twenty µL of fresh 
nutrient broth and 80 µL of SMEE were then added. 
The microplate was incubated at 37 °C for 24 h. The 
wells containing 120 µL of bacterial suspension and 
80 µL of fresh nutrient broth were used as negative 
controls. The wells containing 120 µL of bacterial 
suspension and 80 µL of intellectual property (IP)-
protected antibiofilm cocktail were used as positive 
controls.

The nutrient broth containing stationary-
phase planktonic cells was discarded from 96-well 
microplates while the biofilm fractions were rinsed 
twice using a saline buffer to remove non-adhesive 
cells. Then, the biofilm fractions were heat-fixed at 60 
°C for 15 min and further stained with 200 µL of 1% 
(w/v) crystal violet solution. The dye was allowed to 
sit for 15 min at room temperature. The plates were 
then washed three times with sterile distilled water 
to remove any remaining stains. Two hundred µL 
of absolute ethanol was used to dissolve the stained 
biofilm fractions and the absorbance was measured at 
600 nm using a microplate reader (BioTek Synergy). 
The mean absorbance value was calculated, and the 
percentage inhibition of the biofilm was estimated 
by using the formula (Equation 2) below (Das et al., 
2017): 

Equation 2:

Time-killing assay
The time-killing assay of SMEE was carried out 

by the standard protocol for the time-kill kinetics 
procedure of the Antimicrobial Susceptibility Testing 
Method (CLSI, 2007) with minor modifications. The 
bacterial suspension (150 μL) and nutrient broth 
(50 uL) were loaded into the microplate wells. The 
microplates were then incubated at 37 °C for 24 h. The 
nutrient broth containing stationary-phase planktonic 
cells was discarded from the microplates whilst the 
preformed biofilm fractions were rinsed twice using a 
saline buffer to remove non-adhesive cells.  

The microplate wells loaded with 200 uL of SMEE 
were used as the treated group. The concentration of 
SMEE showing the highest percentage of inhibition 
on each bacterial biofilm was tested in the time-
killing assay. The microplate wells loaded with 200 
μL of fresh nutrient broth were used as negative 
controls. Meanwhile, the microplate wells loaded 
with 200 uL of IP-protected antibiofilm cocktail were 
used as positive controls. The microplates were then 
incubated for different periods namely 6 h, 12 h, 18 h, 
24 h, and 30 h. At the end of each incubation period, 
the nutrient broth was then discarded while biofilm 
fractions were rinsed twice using a saline buffer.  

The biofilm fractions were heat-fixed at 60 °C 
for 15 min and stained with 200 µL of 1% (w/v) 
crystal violet solution. The dye was allowed to sit for 
15 min at room temperature. The microplates were 
then washed three times with sterile distilled water 
to remove any remaining stains. Two hundred µL 
of absolute ethanol was used to dissolve the stained 
biofilm fractions and the absorbance was measured at 
600 nm using a microplate reader (BioTek Synergy). 
The mean absorbance value was calculated, and the 
graph was plotted according to the respective periods 
of incubation.
   
Statistical analysis

Experimental results from the antibiofilm 
screening and time-killing assays were represented 
as mean ± standard error of the mean (SEM) of 
three replicates. Where applicable, differences 
between treated and control groups were analyzed 
using an independent T-test. A significant difference 
was considered at the level of p<0.05. For biofilm 
inhibition concentration (BIC50), the calculations were 
performed by using AAT Bioquest (IC50 Calculator 
Tool). 

RESULTS AND DISCUSSION

Yield of leaves extract and phytochemical 
composition

Total crude extract obtained from S. macrophylla 
was 13.82 g, equivalent to 13.82% yield of leaves 
extraction.

Table 1 shows the phytochemical compounds of 
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SMEE belonging to different chemical classes. Olean-
12-ene (27.37%), resorcinol (16.45%), 24-noroleana-
3,12-diene (13.4%), and germanicol (11.50%) were 
found to be the major phytochemical compounds of 
SMEE. Other phytochemical compounds identified 
in SMEE were 6-fluorocumarin, phenol, 3,4-altrosan, 
4H-1-benzopyran-4-one, 2,4-di-tert-butylphenol, and 
palmitic acid.

Oleanane-type triterpenoids represent the most 
ubiquitous and important group of triterpenoids in the 
plant kingdom. Olean-12-ene is known to be directly 
derived from the oleanane skeleton. In the present 
study, olean-12-ene (27.7%) was identified as a major 
phytochemical compound in SMME. This compound 
has also been isolated from methanolic extract of 
Drypetes tessmanniana and shown to inhibit E. 
coli, P. aeruginosa, S. typhimurium, and S. faecalis 
(Kuete et al., 2010). Another study has also reported 
the antifungal and antibacterial activities of olean-
12-ene (Katerere et al., 2003), however, there is no 
information on its effect on the biofilm. Therefore, 
the present study provides the first evidence for the 
antibiofilm activity of plant extract containing olean-
12-ene.

The present study demonstrated germanicol as 
a major phytochemical compound in SMEE. Fatima 
et al. (2011) revealed that germanicol (12.8%) 
represented the major constituent of Pistacia lentiscus 
leaf extract. They also showed that germanicol 
possessed antibacterial activity against two Gram-
negative bacteria, namely Klebsiella pneumonia 
and P. aeruginosa.  On the other hand, Afrouzan et 
al. (2018) demonstrated that ethanolic extract of 
Iranian propolis contained terpene derivatives such as 
germanicol as its major component. The combination 
of or/and synergism between flavonoids, aromatic 
acids, and terpenes may contribute to the antimicrobial 
activities of Iranian propolis (Afrouzan et al., 2018). 

In the present study, 3,4-Altrosan (1.44%) 
was identified in SMEE. This finding is in line 
with Kushwaha et al. (2019) demonstrating that 
3, 4-Altrosan (6.92%) was a major component of 
methanolic extract of Ziziphus mauritiana fruit. 

The extract exhibited bacteriostatic and fungicide 
properties. Another study by Nirubama et al. (2014) 
revealed the presence of 3, 4-Altrosan (15.29%) as a 
major compound in Andrographis echiodes (L.) Nees. 
leaves. 

Herein, 2,4-Di-tert-buylphenol (0.49%) 
was identified in SMEE. This compound is an 
alkylbenzene and a member of the class of phenols. 
It is also known as phenol,2,4-bis(1,1-dimethylethyl). 
In 2016, Viszwapriya et al. investigated the effect 
of 2,4-Di-tert-butylphenol from the seaweed surface 
associated with the bacterium Bacillus subtilis against 
the presence of Group A Streptococcus (GAS). 
They demonstrated that the seaweed (Gracilaria 
gracilis) surface associated with Bacillus subtilis has 
antibiofilm potential when tested against Group A 
Streptococcus. This is due to the presence of an active 
principle in the seaweed, which is phenol,2,4-bis(1,1-
dimethylethyl) or 2,4-di-tert-butylphenol referred to 
as DTBP. Viszwapriya et al. (2016) discovered that 
2,4-Di-tert-butylphenol (DTBP) targeted the first 
adhesion step of the biofilm development cascade 
by influencing cell surface hydrophobicity and EPS 
synthesis. Apart from biofilm inhibition, there were 
also other potential modes of action performed 
by the DTBP. Microscopic examination indicated 
that DTBP treatment resulted in changes in cell 
surface architecture, reduction in thickness, lower 
biofilm biomass, and lower extracellular polymeric 
substance (EPS) (Viszwapriya et al., 2016). This 
finding is supported by Dehpour et al. (2012) as they 
reported the antibacterial, antifungal, antioxidant, and 
anticancer activity of DTBP isolated from various 
bacterial, fungal, and plant sources. The antimicrobial 
activities of S. macrophylla may attribute to the 
presence of 2,4-Di-tert-butylphenol. Furthermore, 
Mishra et al. (2020) investigated the effect of 
2,4-Di-tert-butylphenol isolated from endophytic 
fungi, Daldinia eschscholtzii on the quorum sensing 
activity in P. aeruginosa. They discovered that 2,4-
DTBP treated P. aeruginosa significantly reduced the 
production of virulence factors, as well as biofilm and 
its related components regulated by quorum sensing, 
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Table 1. Phytochemical compounds identified in SMME by GC-MS

Retention time Compound Molecular formula Peak Area (%)

26.064 Olean-12-ene C30H50 27.37
6.348 Resorcinol C6H4(OH)2 16.45
25.062 24-noroleana-3,12-diene C29H46 13.4
27.919 Germanicol C30H50O 11.50
9.591 6-fluorocumarin C9H7FO2 4.84
3.547 Phenol C6H5OH 3.21
4.675 3,4-altrosan C6H10O5 1.44
10.165 4H-1-benzopyran-4-one  C9H6O2 0.5
4.883 2,4-di-tert-butylphenol C14H22O 0.49
11.987 Palmitic acid CH3(CH2)14COOH 0.23



49

in a dose-dependent form. Meanwhile, Padmavathi 
et al. (2015) demonstrated the ability of 2,4-Di-tert-
butylphenol in inhibiting and disrupting biofilms of 
Candida albicans. They stated that a key virulence 
factor that aids in the invasion of C. albicans includes 
the inhibition of the production of hemolysins, 
phospholipases, and secreted aspartyl proteinase.

The present work identified palmitic acid (0.23%) 
in SMEE. This result corroborates Elmarzugi et al. 
(2013) demonstrating the presence of some fatty 
acids and terpenoids, which extracted from the 
seeds included palmitic acid (12.50%), stearic acid 
(16.42%), arachidic acid (0.56%), oleic acid (25.30%), 
linoleic acid (33.87%) and linolenic acid (11.32%).  
Palmitic acid is a long-chain fatty acid, which is 
a type of organic compound. Many fatty acids are 
known to have antibacterial and antifungal properties 
(Aparna et al., 2012). Palmitic acid is also the major 
constituent in three varieties of Labisia pumila. In 
addition, L. pumila aqueous extract has been shown 
to exhibit a variable degree of antibacterial activity 
against eight Gram-positive and Gram-negative 
bacteria. Elmarzugi et al. (2013) demonstrated that 
several chemical elements were examined from the 
S. macrophylla terminal shoots, senescent and mature 
leaves as the essential oil components in form of 
fatty acids and terpenoids such as γ-himachalene, 
germacrene D, germacrene A, cadina-1,4-diene, 
hexadecanoic acid and ethyl hexadecanoate.

In 2017, Husain et al. investigated the efficacy 
of Mangifera indica L. (ML) leaf extracts on QS-
regulated virulence factors and biofilm formation in 
Gram-negative pathogens. It shows that n-palmitic 
acid (9.96%) is one of the major compounds found in 
ML extracts. Moreover, scanning electron microscopy 
images indicated that ML extract significantly 
decreased bacterial biofilm formation, demonstrating 
that ML extract treatment lowers biofilm strength. 
The potential function of several synthetic and 
natural substances as efflux pump inhibitors of 
Gram-negative bacteria and QS interference has 
been revealed (Amaral & Molnar, 2012). In addition, 
Suliman et al. (2013) investigated the oil content, 
fatty acids compositions, and antibacterial efficacy of 
S. macrophylla seed oil against four multiple-drug-

resistant bacteria namely: S. aureus, S. typhimurium, 
P. aeruginosa, and E. coli. They showed that palmitic 
acid (14.62-15.47%) is one of the major fatty acid 
compounds found in diethyl ether seed oil extraction. 

MIC and MBC
Table 2 shows the MIC and MBC values of SMEE 

against four foodborne pathogens. The MIC value 
of SMEE against S. typhimurium and S. sonnei was 
500 µg/mL respectively. On the other hand, SMEE 
showed a lower MIC value against P. aeruginosa 
and E. coli namely 31.25 µg/mL. The MBC value 
recorded for all test microorganisms was 1000 µg/mL. 
According to Mohammed et al. (2014), the growth of 
E. coli and P. aeruginosa were inhibited by seeds and 
leaves extracts of S. macrophylla at 25 and 50 mg/mL 
respectively. Gopalan et al. (2019) demonstrated that 
the MBC value of Swietenia macrophylla seed extract 
against Gram-negative bacteria, Shigella boydii, and 
Acinetobacter anitratus, was 25 mg/mL respectively. 
Meanwhile, the antibacterial activities of petroleum 
ether and ethanolic extract of S. macrophylla leaves 
are due to the presence of terpenoids (Ayyappadhas 
et al., 2012). 

The microdilution technique was used to evaluate 
the quantitative measurement of antimicrobial 
susceptibility (Jorgensen & Ferraro 2009). The 
modification of the microdilution method used in this 
study involved the use of resazurin dye as a redox 
indicator, which eliminates the issues associated with 
sparingly soluble test materials. Active bacterial cells 
convert non-fluorescent resazurin (blue) to fluorescent 
resorufin (pink), which may then be converted further 
to hydroresorufin (O’Brien et al. 2000).

Pellicle 
In an aerobic environment, biofilm tends to 

develop pellicles at the air-liquid interface. The 
pellicle provides the culture a cloudier look than 
the planktonic population. A glucose-rich, cellulose-
like polymer is required for the development of a 
pellicle at the air-liquid contact (Yaacob et al., 2021). 
In the present study, S. typhimurium, S. sonnei, P. 
aeruginosa, and E. coli biofilm were confirmed to 
form the pellicle at the air-liquid interface (Figure 1).
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Table 2. The MIC and MBC values of SMEE against the foodborne pathogens

Microorganisms
                                        Inhibitory concentrations

Ciprofloxacin (64 µg/mL) MIC (µg/mL) MBC (µg/mL)

S. typhimurium No growth 500.00 >1000.00

S. sonnei No growth 500.00 >1000.00

P. aeruginosa No growth 31.25 >1000.00

E. coli No growth 31.25 >1000.00
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Biofilm biomass 
Figure 2 shows the effect of different concentrations 

of SMEE on biofilm biomass. Treatment with 
SMEE at 250 µg/mL significantly (p<0.05) reduced 
S. typhimurium biofilm biomass (Figure 2a). The 
percentage of biofilm inhibition was found to range 
between 3.08% and 13.85%. Treatment with SMEE 
significantly (p<0.05) inhibited S. sonnei biofilm 
biomass at all tested concentrations except at 31.25 
µg/mL concentration (Figure 2b). The percentage of 
biofilm inhibition was found to range between 7.75% 
and 29.58%. Treatment with SMEE at 125 µg/mL 
and 250 µg/mL significantly (p<0.05) reduced E. 
coli biofilm biomass (Figure 2c). The percentage of 
biofilm inhibition was found to range between 2.68% 
and 8.93%. Treatment with SMEE at 31.25 µg/mL, 
62.5 µg/mL and 125 µg/mL significantly (p<0.05) 
reduced P. aeruginosa biofilm biomass (Figure 2d). 
The percentage of biofilm inhibition was found to 
range between 29.88% and 58.88%. 

It has been established that biofilm formation 
begins with the initial attachment of floating microbial 
cells to the surface, followed by microcolony formation, 
synthesis of extracellular matrix, and formation of 
heterogeneous three-dimensional structure. Various 
factors are known to regulate biofilm formation 
including nutrients, temperature, hydrophobicity, and 
surface roughness (Sooriyakumar et al. 2022). Crystal 
violet (CV) staining is the commonly used method to 
quantify biofilm (Yahya et al. 2018; Kamaruzzaman 
et al., 2022). This method stains both living and dead 
cells, as well as some biofilm matrix components, 
making it ideal for determining total biofilm biomass 
(Azeredoa et al., 2017). A previous study by Ta et al. 
(2014) showed that Meliaceae species including S. 
macrophylla bark exhibited more significant biofilm 
inhibition than the positive control allicin (74.4 ± 
8.1% growth). They also showed that S. macrophylla 
bark was able to inhibit the biofilm of Pseudomonas 
aeruginosa PA14 with the IC50 value of 202 µg/

mL. The inhibition of biofilm formed by foodborne 
pathogens using various plant extracts has also been 
reported in other studies (Namasivayam & Roy 2013; 
Zawawi et al., 2020; Johari et al., 2020). To the 
best of our knowledge, this is the first report on the 
antibiofilm activity of S. macrophylla (which belongs 
to the Meliaceae family) ethanolic leaves extract 
against foodborne pathogens.

Time-killing kinetics
Figure 3a shows the killing curve of the S. 

typhimurium biofilm treated with SMEE at 250 µg/
mL. The negative control showed an exponential 
phase within 0 to 6 h and entered a stationary phase 
after 6 h.  The biofilm continued to grow after 12 h of 
incubation. The time-killing curve of the treated group 
showed a short lag phase. The biofilm entered an 
exponential phase after 6 h of incubation time. At the 
end of the incubation period, a significant death phase 
was observed after 24 h. The biofilm formation by S. 
typhimurium treated with positive control depicted a 
consistent decrease in viable cells. The biofilm was 
continuously reduced after 24 h incubation. The 
present finding is in line with Mamman et al. (2013) 
showing that Salmonella spp was killed by A. indica 
aqueous extract at 175 mg/mL in 1200 s. They also 
found that Salmonella spp was killed by A. indica 
methanolic extract at 175 mg/mL in 600 s. 

Figure 3(b) shows the killing curve of the S. 
sonnei biofilm treated with SMEE at 125 µg/mL. 
The negative control showed an exponential phase 
at a time interval from 0 to 6 h and then entered the 
stationary phase after 6 h.  The biofilm continued to 
grow after 18 h of incubation. The killing curve of 
the treated group showed a short lag phase. However, 
the biofilm population showed a noticeable reduction 
after 6 h, and then slightly increased after 24 h of 
incubation. The biofilm formation by S. sonnei treated 
with positive control depicted a consistent decrease 
in viable cells. The biofilm was continuously reduced 

Fig. 1. Formation of pellicle biofilm at the air-liquid interface. A) S. typhimurium; B) S. sonnei; C) P. aeruginosa and D) E. coli. 
After 5 min, sufficient staining with 0.5% (w/v) crystal violet and 25% (v/v) methanol were accomplished.
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(a)
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Fig. 2. Biofilm biomass exposed to SMEE. (a) S. typhimurium; (b) S. sonnei; (c) E. coli; (d) P. aeruginosa. Positive control: 
IP-protected antibiofilm cocktail; negative control: fresh broth. Values are represented as mean ± SEM. A statistically significant 
difference (p<0.05) is indicated by an asterisk (*). Inhibition of biofilm biomass is defined as a percentage (%) of biofilm 
inhibition.

(b)

(c)

(d)
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Fig. 3. The killing curves of biofilm exposed to SMEE. (a) S. typhimurium (250 µg/mL); (b) S. sonnei (125 µg/mL); (c) E. coli 
(250 µg/mL); (d) P. aeruginosa (62.5 µg/mL).
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after 24 h, and a significant death phase was observed.
Figure 3(c) shows the killing curve of E. coli 

biofilm treated with SMEE at 250 µg/mL. The 
negative control showed an exponential phase at time 
intervals of 0 to 6 h and then entered the stationary 
phase after 6 h.  The lag phase was not detected at the 
initial stage of the killing curve of the treated group. 
The reduction of viable biofilm cells was noticed after 
12 h of incubation. Biofilm formation by E. coli treated 
with positive control depicts a consistent decrease in 
the viable cells. The biofilm was continuously reduced 
until 30 h incubation. This result corroborates Okemo 
et al. (2001) showing that the highest concentration 
of A. indica extract (8 mg/mL) reduced the E. coli 
population slightly at the initial stage. However, after 
8 h the population was drastically reduced and killed 
after 24 h. A previous study by Mamman et al. (2013) 
found that E. coli was eliminated at 87.5 mg/mL in 
600 s. The present result is also in line with Ahmed 
(2008) showing that all concentrations of A. indica 
leave extract initially reduced the E. coli population 
in the first 6 h. A substantial reduction in viable cells 
was observed at 20 mg/mL, especially after 12 h of 
incubation. 

Figure 3d shows the killing curve of the 
P. aeruginosa biofilm treated with SMEE at a 
concentration of 62.5 µg/mL. The negative control 
showed an exponential phase at a time interval of 0 to 
6 h and then entered the stationary phase after 6 h. The 
lag phase was not detected at the initial stage of the 
killing curve of the treated group. The viable biofilm 
cell was noticeably reduced after 6 h. The positive 
control significantly reduced the biofilm population 
of the initial inoculum. A previous study performed 
by Harjai et al. (2013) showed that P. aeruginosa 
PAO1 biofilm was significantly (p≤0.01) reduced on 
day 5 in the presence of A. indica leaves extract. They 
found accumulation of biofilm was maximum on day 
5, which later showed a slight decline until day 7. 
The present result also by Okemo et al. (2001) shows 
that the concentration of A. indica extract at 8 mg/mL 
had some little effects in the first 6 h. However, the P. 
aeruginosa population showed a noticeable reduction 
to 3.4 x 102 CFU/mL after 8 h of incubation.

The time-killing kinetics antibacterial study has 
been widely used to evaluate a wide spectrum of 
antimicrobials, and it is also frequently used as the 

foundation for in vitro studies of pharmacodynamic 
drug interactions (Agbo et al., 2020). Although the 
bacteriostatic activity of S. macrophylla leaves extract 
against S. paratyphi (Ushie et al., 2016), E. coli, P. 
aeruginosa, and S. sonnei (Dewanjee et al., 2007) 
have been demonstrated, literature information of 
its efficacy on biofilm killing is completely lacking.  
In the present study, the time-kill kinetics of SMEE 
against foodborne pathogens was time-dependent, the 
increase in incubation time resulted in the reduction 
of biofilm growth. The strong correlation between 
time-kill kinetics and membrane damaging potential 
has previously been reported (Tyagi et al. 2015). 
Thus, the antibacterial and antibiofilm activities of 
SMME may be mediated by cytoplasmic membrane 
damage. Further studies examining the morphology, 
cell leakage, and membrane permeabilization of 
foodborne pathogens after exposure to SMME are 
required. The sensitivity trend of the biofilm species 
towards SMEE is also obvious, as follows: S. sonnei 
(killed within 6 h) > S. typhimurium (killed within 6 
h) > P. aeruginosa (killed within 12 h) > E. coli (killed 
within 18 h). A rapid removal of these biofilms by 
SMEE may reduce the risk of severe symptoms from 
foodborne infections (Chimnoi et al. 2018). 

Biofilm inhibitory concentration (BIC50)
Table 3 displays the biofilm inhibitory 

concentration of S. macrophylla against foodborne 
pathogens. Biofilm inhibitory concentrations for S. 
typhimurium, S. sonnei, E. coli, and P. aeruginosa 
were found to be 2.28 µg/mL, 30.41 µg/mL, 36.20 µg/
mL, and 309.90 µg/mL respectively. This indicates 
that SMME is most effective against S. typhimurum 
as it shows the lowest BIC50 against the pathogen.

A previous study by Ta et al. (2014) showed that 
the IC50 values against P. aeruginosa PA14 biofilm for 
some active Meliaceae species such as S. mahogani 
L., C. guianensis Aubl., C. tabularis A. Juss. and T. 
martiana C. DC. were 202 µg/mL, 208 µg/mL, 45 
µg/mL, 127 µg/mL respectively. On the other hand, 
Jaisankar et al. (2020) demonstrated that from the 
crystal violet assay, the essential oil of Azadirachta 
indica exhibited a minimum biofilm eradication 
concentration (MBEC50) of 20 mL, indicating a 50% 
suppression of biofilm formation by A. baumannii.

Table 3. BIC50 values of SMEE against the foodborne pathogens

Microorganisms BIC50 value (µg/mL)

S. typhimurium 2.28

S. sonnei 30.41

E. coli 36.20

P. aeruginosa 309.90
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CONCLUSION

SMEE was found to contain olean-12-ene, resorcinol, 
24-noroleana-3,12-diene, and germanicol. It also 
exhibited antibacterial and antibiofilm activities 
against all the selected foodborne pathogens. The 
killing kinetics of SMEE against the biofilms were 
found to be time-dependent. Furthermore, SMEE 
was most effective against S. typhimurium biofilm. 
The bioactive compounds identified in SMEE may 
mediate the antibacterial and antibiofilm activities 
of SMEE against the selected foodborne pathogens. 
The findings of the present study demonstrate the 
potential use of S. macrophylla in the management of 
foodborne diseases.
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