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ABSTRACT

Multidrug-resistant  microorganisms pose
serious threats, especially to children from
developing countries. Due to this concern,
there is a greater need to develop potentially
effective antibacterial agents from natural
resources. This study aimed to investigate
the phytochemical compounds of Persicaria
odorata (L) methanolic leaf extract and
its antibacterial activity against selected
bacteria. Agar well diffusion and broth
microdilution were used to test gram-positive
(Staphylococcus aureus and Bacillus cereus) and
gram-negative bacteria (Salmonella enterica
serovar typhimurium and Shigella flexneri).
The bacteria were treated with P. odorata (L.)
leaves extracted using methanol and diluted
with 10% Dimethyl-sulfoxide (DMSO). P.
odorata (L.) leaf extract was highly effective
against S. aureus at a concentration of 1,000
mg/mL. Gram-positive bacteria had the
lowest MIC and MBC values. The qualitative
phytochemical analysis of the methanolic
extract of P. odorata (L.) leaves indicated the
presence of antibacterial compounds such as
phenols, flavonoids, terpenoids, and tannins.
In conclusion, P. odorata (L.) leaves which have
been widely used in cuisines and traditional
medicine also possess the potential to serve as
an antibacterial agent.
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INTRODUCTION

In the modernised era, infectious diseases
caused by pathogens pose a significant
societal burden worldwide. Another alarming
issueis bacterial antimicrobial resistance (AMR)
making antibiotic use futile or less effective
against many common bacterial infections
affecting animals and humans. Data on AMR
from Malaysia, as well as other countries, have
been analysed. The analysis demonstrated that
five bacteria were each involved in more than
500,000 deaths in 2019: Staphylococcus aureus,
Escherichia coli, Streptococcus pneumoniae,
Klebsiella pneumoniae and Pseudomonas
aeruginosa. Three infectious syndromes (lower
respiratory infections, bloodstream infections,
and peritoneal and intraabdominal infections)
caused more than 1 million deathsin 2019 and
accounted for 75% of deaths due to bacterial
infections (lkuta et al., 2022). Developed and
underdeveloped  countries  encountered
similar challenges in managing the burden of
infectious diseases, which can be transmitted
from person to person through direct or
indirect contact. Weak infection management
practices may lead to the development of
infectious diseases (Kourtis et al., 2019).

For millennia, traditional medicine
that utilises natural resources such as plants
and minerals has been widely used to treat
illnesses and practised in maintaining patients’
health. Approximately 1,200 species of
higher plants have been reported to possess
medicinal properties but only less than 0.1%
of them have been studied (Manaf & Daud,
2016). Each part of the plant is enriched with
primary and secondary active metabolites that
contribute to a diverse biological activity that
is either essential for therapeutic purposes
or as precursors for drug synthesis (Manaf &
Daud, 2016; A'attiyyah et al., 2018). It has been
shown that alkaloid extracts from the leaves,
stem bark, and root of Ochrosia oppositifolia
have antibacterial activity against gram-
positive and gram-negative bacteria (Mahmud
et al., 2017), while usnic acid and atranorin
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were the most active chemical constituents
to act as antibacterial agents from the lichens
of Ramalina dumeticola and Usnea rubrotincta
(Gunasekaran et al., 2016).

Persicaria odorata (Lour.) Sojak, also
known as Daun Kesum, is a perennial fresh
culinary herb that belongs to the Polygonaceae
family. The plant is found in Peninsular
Southeast Asia and is widely recognized
for its traditional use in medicines, cuisines,
pharmacies, and cosmetics (Ridzuan et al.,
2017). Leaves of P. odorata (L. successfully
treat digestive problems, including flatulence,
stomach cramps, and indigestion (Mumtak et
al., 2017). Earlier investigations have probed
the restorative properties of P. odorata (L.), and
the outcomes appeared helpful for its broad
use as an essential remedial agent, including
anti-inflammatory, antioxidant, antimicrobial,
anticancer, and antifungal (Okonogi et al,
2016; Chansiw et al., 2019; Ridzuan et al., 2013;
Putthawanetal.,2017;Yiketal.,2018).The plant
can be of great value as an antibacterial agent
for combating the threat posed by bacteria,
particularly multidrug-resistant bacteria. This
study may act as a starter for further research
related to the biological function of P. odorata
(L.) towards the human population.

The development of new drugs is
different from the rapid emergence of various
multidrug-resistant bacteria, increasing the
burdenonhealthcare settings. Besides, harmful
side effects due to exposure to synthetic drugs
in a patient’s treatment may lead to higher risk
(Rather et al., 2017). Therefore, the need for
advanced production of antibacterial derived
from bioactive compounds from natural
sources is crucial to combat the emergence
of these hard-to-treat bacteria, especially in
developing countries where the availability of
antibiotics and the cost of therapy are critical
constraints in public health settings. This study
experimented on the antibacterial activity of
P. odorata (L.) leaves in vitro against selected
pathogens (Staphylococcus aureus, Bacillus
cereus, Salmonella enterica serovar typhimurium
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and Shigella flexneri). Moreover, screening for
phytochemicals within the leaves was also
done qualitatively.

MATERIALS AND METHODS

P. odorata (L.) Leaves Collection

P. odorata (L) was purchased from the
Wholesale Wet Market in Sungai Petani, Kedah
(GPS coordinate: 5.642121, 100.490964), and
species confirmation was done by submitting
a voucher specimen (PID 070319-07) to
the herbarium of the Forest and Research
Institute, Malaysia (FRIM). The healthy leaves
were picked out, washed thoroughly with
distilled water, and then dried under the sun.
Dried leaves were processed into a powder in
an automated blender and then kept at room
temperature in an airtight container.

Preparation of Concentrated Extract Stock
Solution Using Maceration Technique

For three days at room temperature, 480 g of
powdered P. odorata (L.) leaves were soaked in
4.8 L of 100% methanol (1:10 weight/volume)
while continuously agitated at 70 revolutions
per minute (rpm) on an orbital shaker to
ensure proper mixing. Whatman filter paper
no. 1 and then the white cotton cloth was used
to filter the mixtures twice to eliminate any
remaining particles. Exhaustive evaporation
at 40°C under reduced pressure using a rotary
evaporator was used to evaporate the filtrates
further, yielding the concentrated extract. The
resulting extract was transferred to a universal
bottle, weighed using the following procedure,
and kept at 4°C.

About 30 g (30,000 mg) of the extract
was dissolved into 30 mL of 10% DMSO to
obtain a final concentration of 1,000 mg/mL
(Samsudin et al., 2018).

Qualitative Phytochemical Screening

Secondary  bioactive  metabolites are
abundant in wild plants and play an important
role in plant adaptation. Moreover, it has
therapeutically active components in the form
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of medicines (Shakya, 2016). A phytochemical
screening method was performed to detect
the secondary metabolites found in the leaves
of P. odorata (L.).

Phenols (Ferric Chloride Test)

One mL of the concentrated methanolic
extract of P. odorata (L.) was spiked with a few
drops of 1% ferric chloride. Developing colours
in the blue, purple, violet, green, or red-brown
range indicated the presence of phenol group
compounds.

Flavonoids (Alkaline Reagent Test)

Two mL of a concentrated methanolic extract
of P. odorata (L.) were treated with a few drops
of a 20% sodium hydroxide solution (NaOH).
After adding NaOH, the solution became a
bright yellow.

Terpenoids (Salkowski Test)

First, 5 mL of P odorata (L) methanolic
concentrated extract was mixed with 2 mL of
chloroform and 3 mL of concentrated sulfuric
acid. The positive result was based on the
development of a reddish-brown hue.

Tannins (Ferric Chloride Test)

Two mL of a 10% ferric chloride solution
were added to 2 mL of a methanolic extract
concentrated from P. odorata (L.). Intense
green, dark blue or black colouration indicated
the presence of tannin in the extract.

Isolation and Confirmation of Bacterial
Species

Staphylococcus aureus (ATCC 25923), Bacillus
cereus (ATCC 11778), Salmonella enterica
serovar Typhimurium (ATCC 13311),and Shigella
flexneri (ATCC 12022) from the American Type
Culture Collection were all employed as the
four bacterial strains. Subculturing of S. aureus
and B. cereus was performed on nutrient agar
(NA) and sheep blood agar (SBA), whereas
xylose-lysine-deoxycholate (XLD) agar was
used for S. typhimurium and S. flexneri. Gram
stain, biochemical test, and iMViC test were
used to identify further the four bacterial
strains.
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To ensure viable bacteria were collected,
a bacterial growth curve was performed
by measuring the absorbance of each pre-
cultured bacteria in Tryptic Soy Broth (TSB) at
the wavelength of 600 nm (OD600) against
blank (sterile TSB) for every half an hour
using an ultraviolet spectrophotometer and
the following formula was used for volume
determination:

C1V1=Q2Vv2
C1 = The absorbance of TSB + bacterial
suspension after overnight incubation
V1 =Volume of pre-cultured TSB that will be
transferred to obtain a final volume of 50 mL
C2  =Fixed standard value (0.05)
V2  =Final volume (50 mL)

Furthermore, colony count using the
spread plate method was also performed
using a ten-fold dilution of the pre-cultured
bacteria in Tryptic Soy Broth (TSB), and the
mean of triplicate plates was calculated and
recorded.

Antimicrobial Susceptibility Test (AST)
Bacterial colonies from NA were cultured by
suspending three to five similar colonies in
4 mL of sterile Mueller-Hinton Broth (MHB),
incubating at 37°C until the turbidity reached
1 to 2 x 108 colony forming unit/mL, or the
equivalent of 0.5 McFarland standard. After
adjusting the turbidity for 15 minutes, 100 pL
of each four of the bacterial inoculums were
added to Mueller-Hinton agar (MHA), spread
equally over the surface of the medium, and
rotated 60° to ensure equitable distribution.
Sterile blue pipette tips were used to pierce
two neighbouring wells in the agar. Pipetting
into the well was 60 pL of the concentrated
P. odorata (L.) extract solution and 60 uL of a
10% DMSO solution. A commercially available
antibiotic paper disc that served as a positive
control was aseptically put on the bacterial
lawn. All plates were incubated for 24 hours
of incubation at 37°C. The study was repeated
thrice, and the findings were presented as the
mean standard deviation.
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Minimal Inhibitory Concentration (MIC)

Triplicate broth microdilution MIC was done
in 96-well microtiter plates. Microtiter plate
wells were numbered 1 - 9. 100 uL. MHB
was pipetted into wells 2 — 9. Subsequently,
100 uL of P. odorata (L.) leaves methanolic
concentrated extract (1,000 mg/mL) was
pipetted into well 1 and well 2. The stock
solution in well 2 was serially diluted with MHB
in a two-fold serial dilution by transferring
100 uL of solvents in well 2 into well 3 of the
microtiter plate. The steps were repeated
until well 9. 100 uL of solvents in well 9 were
eliminated to standardize all well volumes.
The final concentrations of extract in each well
were 3.91,7.81,15.63,31.25,62.5, 125, 250, 500,
and 1,000 mg/mL. At the same time, 100 uL of
bacterial solution was pipetted into well 10 to
serve as a positive control. Well 11 and well 12
were used for sterility testing by adding 100
uL of a stock solution of methanolic extract
from the leaves of P. odorata (L.) and 100 uL of
MHB, respectively, to make sure no apparent
bacterial growth or contamination that might
provide a false positive result. The microtiter
plate cultures were incubated at 37°C for 16 -
24 hours.

Minimal Bactericidal Concentration (MBC)

The minimum bactericidal concentration
(MBC) was determined by subculturing a loop
full of bacteria from each dilution of the extract
that showed no apparent bacterial growth in
the MIC microtiter wells onto an MHA plate
(MBC). The plates were kept at 37°C for 16 to
24 hours.

DATA ANALYSIS

IBM SPSS Statistics for Windows, Version
21.0, was used to analyse the data. All ASTs
were performed in triplicate, and the results
were reported as the mean SEM (SEM). An
independent T-test was used to analyse the
statistical significance of the zone of inhibition
produced by the plant extract in comparison
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to the positive control and the variations in antibacterial activity between the bacteria. When the
P-value for the differences was less than 0.05, it was regarded as significant.

RESULTS

Phytochemical Analysis

Table 1 summarizes the qualitative phytochemical screening of chemical compounds in the 1,000
mg/mL methanolic leaf extract of P. odorata (L.).

Table 1 Results for qualitative screening of phytochemical compounds tested in 1,000 mg/mL of P,
odorata (L.) methanolic leaf extract which was detected using colour changes

Phytochemicals P. odorata (L.) methanolic leaf extract
Phenols Present
Flavonoids Present
Terpenoids Present
Tannins Present

Antimicrobial Susceptibility Test Using Agar Well Diffusion Method

The mean inhibition zone diameter of the 1,000 mg/mL methanolic leaf extract of P. odorata (L.)
against the selected bacterial strains was presented in Table 2 and shown in Figure 1.

Table 2 Diameter of inhibition zone of 1,000 mg/mL P. odorata (L.) methanolic leaf
extract against selected bacteria

Bacteria Zone of inhibition (Mean + SEM*¥) P-value*
P. odorata (L.) Positive control Negative
methanolic . X A control
T | hl h | Al llin 1
leaf extract etracycline30 | C oranslz enico mpicillin 10 (10%
DMSO)
S. aureus 22.67 +£0.67 3733+1.33 - - 0 0.001
B. cereus 18.00+£0 - 20.33+0.33 - 0 0.020
S. typhimurium 18.00 £ 0.58 - - 27.00+£0 0 0.001
S. flexneri 17.00+£0 - - 25.00+0 0 0.000

* Independent T-test of inhibition zone between P. odorata (L.) methanolic leaf extract and positive control,
** Standard error of mean
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Figure 1 AST using agar well diffusion method showing the absence of an inhibition zone by
negative control (DMSO) and presence of inhibition zone by commercial antibiotic discs as
positive control across all four bacteria isolates

Chloramphenicol 30 (nelgﬁvgﬂign]} Tetracycline 30 10% DMSO
(positive control) B (positive control) (negative control)
Methanol extract of Methanol extract of
P odorata (L.) leaves P odorata (L.) leaves
Ampicillin 10 10% DMSO :
(positive control) (negative control) Ampicillin 10 10% DMSO
(positive control) M| (negative control)
Methanol extract of
Methanol extract of
Eomrmril) e P odorata (L) leaves

ASTof 8. flexneri

MIC and MBC Using Broth Microdilution Method

ASTof S. typhimurium

The mean MIC and MBC values in Table 3 reveal that the P. odorata (L.) methanolic leaf extract was
effective against the S. aureus and B. cereus at a 15.63 mg/mL concentration. The MIC/MBC ratio
indicated the plant extract has bactericidal properties.

Table 3 MIC and MBC of P. odorata (L.) methanolic leaf extract against selected bacteria

Bacteria P. odorata (L.) methanolic leaf extract (Mean + SEM¥) MIC/MBC Ratio
MIC (mg/mL) MBC (mg/mL)
S. aureus 1563+0 15.63+0 1(-)
B. cereus 15.63+0 15.63+0 1(-)
S. typhimurium 250+0 500+ 0 0.5(-)
S. flexneri 125+0 500+0 0.25 (-)

* Standard error of mean
(—) Bactericidal
(+) Bacteriostatic

DISCUSSION

This study obtained 13.21% of P. odorata
(L.) methanolic leaf crude extract using the
maceration technique. This technique used
solvent-mediated extraction; the conventional
method commonly utilised in small research
settings, due to its convenience, expanded
applicability, productivity, and low production
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cost (Azwanida, 2015; Safdar et al, 2017).
Methanol was selected as an extraction solvent
based on its excellent polar, protic solvent,
and intermediate polarity characteristics.
It produced a higher extraction yield than
acetonitrile and extracted a wide range of
phytochemicals (Nguyen et al, 2015). A
smaller sample size with a longer contact
time between the sample and solvent can
increase the surface contact area of the sample
with extraction solvent (Azwanida, 2015;
Dzulkarnain & Abdul Rahim, 2014). Therefore,
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the plant extraction technique was slightly
modified to achieve a higher yield of the crude
extract by soaking finely powdered P. odorata
(L.) leaves in methanol for a longer period (i.e.,
three days) and continuous agitation at 70 rpm
on an orbital shaker. DMSO is an organosulfur
compound utilised widely as a polar, aprotic
solubiliser miscible with water to dissolve an
extensive number of polar and nonpolar small
molecules. 10% DMSO (1:10 v/v) was prepared
as it has relatively low toxicity against living
cells (Da Violante et al., 2002; De Abreu Costa
etal., 2017).

The present study subjected the
methanolic extract of P. odorata (L) leaves
to qualitative phytochemical analysis. The
results demonstrated the presence of phenols,
flavonoids, terpenoids, and tannins (Table
1). The presence of secondary metabolites
has contributed to diverse biological activity
essential for therapeutic purposes or as
precursors for drug synthesis (A'attiyyah et
al., 2018). The antibacterial properties of
polyphenols were reported to stem from
their extreme ability to combine with various
macromolecules. In contrast, terpenoids
exerted antimicrobial activity due to their
lipophilic characteristics, allowing direct
penetration into the bacterial cells and
disrupting protein  biosynthesis, nucleic
acid replication, and repair mechanisms
(Zacchino et al.,, 2017). The mechanisms of
plant phenolic antibacterial occur via the
bacterial cell membrane or non-membrane
disruption along with the synergism of the
compounds with current antibiotics (Rempe
et al, 2017). Meanwhile, flavonoids possess
several antibacterial mechanisms  with
enhancement depending on their different
structural configuration. Several antibacterial
mechanisms proposed include inhibition of
nucleic acid synthesis and cell membrane
porin, disruption of the functional cytoplasmic
membrane and  energy  metabolism,
obstruction of biofilm production, and
attenuation of bacterial pathogenicity in
which these mechanisms were enhanced

18

as the flavonoid contained hydroxyl groups
on specific aromatic rings and hydrophobic
substances (Xie et al., 2015). These findings
were supported by a study in which the
structural relationship of flavonoids with
different structural configurations contributed
to the enhancement of antibacterial activity,
and alteration to these structures, such as
methylation, led to the reduction of the
antibacterial properties of flavonoids (Ahmad
et al, 2015). Meanwhile, the antimicrobial
activity of tannins is correlated with bacteria’s
extracellular enzyme metabolism obstruction
and nutrient or substrate starvation, as
well as the direct inhibition of oxidative
phosphorylation in microbes’” metabolism
(Agyare et al.,, 2015). Total tannins exert their
antibacterial effect by destroying the bacterial
structure, such as malformed cell walls,
detached cytoplasm, and strong affinity to
aggregate between themselves (Li et al., 2016).

The AST (Table 2) revealed that the P.
odorata (L.) methanolic leaf extract possesses
the highest antibacterial activity against
S. aureus (22.67 = 0.67), followed by S.
typhimurium (18.00 £ 0.58), B. cereus (18.00 +
0) and S. flexneri (17.00 + 0). The absence of an
inhibition zone by negative control (DMSO)
across all four bacteria isolates indicated
nonparticipation of the solvent in the
antimicrobial feature of P. odorata (L.) leaves
(Figure 1). The P. odorata (L) methanolic leaf
extract demonstrated effective antibacterial
activity, especially on gram-positive bacteria.
Nevertheless, its activity was lowest against
S. flexneri due to the unique structure of the
gram-negative bacteria’s outer membrane
which acts as a powerful permeability barrier
against antibacterial agents (Oikeh et al., 2017).
In contrast, previous studies only reported the
antibacterial activity of P. odorata (L.) leaves
against gram-positive bacteria, which may be
due to the lower concentration of P. odorata (L.)
methanolic leaf extract, different AST methods
and bacterial species used (Ridzuanetal., 2017;
Chansiw et al., 2018). The MIC and MBC of the
1,000 mg/mL methanolic leaf extract of P.
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odorata (L.) demonstrated potent antibacterial
activity against the growth of gram-positive
bacteria. The lowest concentration was
15.63 mg/mL for both S. aureus and B. cereus
compared to gram-negative bacteria. (Table 3).
Bacteriostatic effects were defined as MIC/MBC
ratios more than four, whereas bactericidal
effects were defined as ratios less than four.
Thus, the current findings demonstrated that
the P. odorata (L.) extract had a bactericidal
effect on all four bacterial strains. A previous
study with other bacterial species reported
that the methanolic extract of P. odorata (L.)
leaves also exhibited the most significant
antimicrobial activities with MICs of 3.125 mg/
mL and 12.5 mg/mL for S. pyogenes and S.
pneumonia, respectively (Ridzuan et al.,, 2013).

Theoretically, the lower the MBC
value, the greater the inhibition zone seen
in antimicrobial susceptibility tests (Murray,
2015). However, the MBC values of 15.63
mg/mL obtained for the methanolic extract
against the gram-positive bacteria in this
investigation did not correspond with the
inhibitory zone diameter employing a 1,000
mg/mL concentration of the plant extract as
compared to the gram-negative bacteria. This
result, however, is consistent with a previous
study that utilised an ethanolic extract of
Syzygium aromaticum. Gram-positive bacteria
(B. cereus and S. aureus) exhibited lower MBC
values and inhibition zones compared to gram-
negative bacteria (E. coli) in a contradictory
finding (Gonelimali et al., 2018).

The purpose of an antimicrobial
susceptibility test is to determine the degree
to which an organism is sensitive to or resistant
to a particular antimicrobial agent. In this
investigation, the well diffusion technique was
utilised, in which the antimicrobial compound
diffuses into the agar to inhibit the growth of
the test organism. The interaction between
the antimicrobial agent and the solid medium,
as well as inactivation during diffusion, has
been demonstrated to be one of the causes
of low inhibition zone readings of the tested
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organism (Bonev et al, 2008). The Clinical
and Laboratory Standards Institute also lists
several factors that can affect the inhibition
zone’s diameter, including the susceptibility
test medium, the concentration of the test
organism, its rate of growth, the concentration
of the antimicrobial agent, the antibiotic’s
diffusion rate in the agar, and the organism’s
susceptibility to the antibiotic. The creation of
bacterial biofilm, on the other hand, has been
shown in a prior study to potentially decrease
the efficacy of antimicrobial activity because
it serves as a significant barrier, blocking the
entry of polarand charged antibacterial agents
(Macia et al., 2014). B. cereus and S. aureus
propensity to build bacterial biofilms may
be one of the factors contributing to the low
inhibition zone of the gram-positive bacteria.

CONCLUSION

The antibacterial activity against selected
bacterial strains was discovered in the
methanolic leaf extract of P. odorata (L.). The
inhibitory or bactericidal effect was more
potent against gram-positive than gram-
negative bacteria. The presence of phenols,
flavonoids, terpenoids, and tannins suggests
that the phytochemicals of P. odorata (L.) leaves
are responsible for the therapeutic property
against infections, making the natural herbal
extract a viable initial therapy source.

CONFLICT OF INTEREST

The authors declare that the research was
conducted in the absence of any commercial or
financial relationships that could be construed
as a potential conflict of interest.

ACKNOWLEDGEMENTS

The authors thank the Faculty of Health
Sciences, Universiti Teknologi MARA Puncak
Alam Campus, Selangor, and the Centre for
Medical Laboratory Technology Studies for
providing facilities to conduct the present
study.



Borneo Journal of Medical Sciences 17 (3) September, 2023: 12— 22

REFERENCES

Aattiyyah, A. B., Ghazali, W. A. S. W,, Ali, N. A. M.,
Ponnuraj, K. T., Mohamad, S., & Azlina,
A. (2018). Phytochemical properties and
traditional uses of selected medicinal plants
in Malaysia: A review. Journal of Biomedical
and Clinical Sciences (JBCS), 2 (2), 14 — 25.

Agyare, C., Baiden, E., Apenteng, J. A, Boakye, Y. D.,
& Adu-Amoah, L. (2015). Anti-infective and
anti inflammatory properties of Portulaca
oleracea L. Donnish Journal of Medicinal Plant
Research, 2 (1), 1 - 6. https://donnishjournals.
org/djmpr/pdf/2015/may/Agyare-et-al.pdf

Ahmad, A., Kaleem, M., Ahmed, Z., & Shafig, H.
(2015). Therapeutic potential of flavonoids
and their mechanism of action against
microbial and viral infections — A review. Food
Research International, 77,221 — 235. https://
doi.org/10.1016/j.foodres.2015.06.021

Azwanida, N. N. (2015). A review of the extraction
methods use in medicinal plants, principle,
strength and limitation. Medicinal and
Aromatic Plants, 4 (3), 3 - 8. https://doi.
org/10.4172/2167-0412.1000196

Bonev, B., Hooper, J., & Parisot, J. (2008). Principles
of assessing bacterial susceptibility to
antibiotics using the agar diffusion method.
Journal of Antimicrobial Chemotherapy, 61
(6), 1295 - 1301. https://doi.org/10.1093/
jac/dkn090

Chansiw, N., Chotinantakul, K., & Srichairatanakool,
S.(2019). Anti-inflammatory and antioxidant
activities of the extracts from leaves and
stems of Polygonum odoratum Lour. Anti-
Inflammatory & Anti-Allergy Agents in
Medicinal Chemistry, 18 (1), 45 — 54. https://
doi.org/10.2174/187152301766618110914
4548

Chansiw, N., Paradee, N., Chotinantakul, K, &
Srichairattanakool, S. (2018). Anti-hemolytic,
antibacterial and anti-cancer activities of
methanolic extracts from leaves and stems
of Polygonum odoratum. Asian Pacific Journal
of Tropical Biomedicine, 8 (12), 580. https://
doi.org/10.4103/2221-1691.248094

Da Violante, G., Zerrouk, N., Richard, I., Provot,
G., Chaumeil, J. C, & Arnaud, P. (2002).
Evaluation of the cytotoxicity effect of
dimethyl sulfoxide (DMSO) on Caco2/
TC7 colon tumor cell cultures. Biological &
Pharmaceutical Bulletin, 25 (12), 1600 — 1603.
https://doi.org/10.1248/bpb.25.1600

20

de Abreu Costa, L., Henrique Fernandes Ottoni, M.,
Dos Santos, M. G., Meireles, A. B., Gomes de
Almeida, V., de Fatima Pereira, W., Alves de
Avelar-Freitas, B., & Eustaquio Alvim Brito-
Melo, G. (2017). Dimethyl sulfoxide (DMSO)
decreases cell proliferation and TNF-q, IFN-y,
and IL-2 Cytokines production in cultures of
peripheral blood lymphocytes. Molecules
(Basel, Switzerland), 22 (11), 1789. https://doi.
org/10.3390/molecules22111789

Dzulkarnain, S. M. H., & Abdul Rahim, A. (2014).
Antimicrobial  activity of methanolic
neem extract on wound infection
bacteria. In International Conference on
Biological, Chemical and Environmental
Sciences, 4 (1), 72 - 75. https://iicbe.org/
upload/4396C614061.pdf

Gonelimali, F. D, Lin, J., Miao, W., Xuan, J., Charles, F,,
Chen, M., & Hatab, S. R. (2018). Antimicrobial
properties and mechanism of action of
some plant extracts against food pathogens
and spoilage microorganisms. Frontiers in
Microbiology, 9. https://doi.org/10.3389/
fmicb.2018.01639

Gunasekaran, S. Rajan, V. P, Ramanathan, S.,
Murugaiyah, V., Samsudin, M. W., & Din, L. B.
(2016). Antibacterial and antioxidant activity
of lichens Usnea rubrotincta, Ramalina
dumeticola, Cladonia verticillata and their
chemical constituents. Malaysian Journal of
Analytical Sciences, 20 (1), 1 — 13. https://doi.
org/10.17576/mjas-2016-2001-01

Ikuta, K. S., Swetschinski, L.R., Aguilar, G. R., Sharara,
F., Mestrovic, T., Gray, A. P, Weaver, N. D., Wool,
E. E., Han, C, Hayoon, A. G., Aali, A, Abate, S.
M., Abbasi-Kangevari, M., Abasi-Kangevari,
Z., Abd-Elsalam, S., Abebe, G., Abedi, A,
Abhari, A. P, Abidi, H., ... Naghavi, M. (2022).
Global mortality associated with 33 bacterial
pathogens in 2019: A systematic analysis for
the Global Burden of Disease Study 2019.
Lancet, 400 (10369), 2221 - 2248. https://doi.
org/10.1016/50140-6736(22)02185-7

Kourtis, A. P, Hatfield, K., Baggs, J., Mu, Y., See, .,
Epson, E., Nadle, J,, Kainer, M. A., Dumyati,
G., Petit, S., Ray, S. M., Emerging Infections
Program MRSA author group, Ham, D,
Capers, C, & Cardo, D. (2019). Vital signs:
Eepidemiology and recent trends in
methicillin-resistant and in metbhicillin-
susceptible Staphylococcus aureus
bloodstream infections - United States.
Morbidity and Mortality Weekly Report, 68 (9),
214 - 219. https://doi.org/10.15585/mmwr.
mm6809e1



Investigation of Phytochemicals and Antibacterial Activity of Persicaria odorata (L.) Methanolic Leaf Extract Against Selected Bacteria

Li, K., Lin, Y., Li, B, Pan, T.,, Wang, F, Yuan, R, Ji, J,,
Diao, Y., & Wang, S. (2016). Antibacterial
constituents of Fructus Chebulae Immaturus
and their mechanisms of action. BMC
Complementary and Alternative Medicine, 16
(1), 1 = 10. https://doi.org/10.1186/512906-
016-1162-5

Macia, M. D., Rojo-Molinero, E., & Oliver, A. (2014).
Antimicrobial susceptibility testing
in  biofilm-growing  bacteria.  Clinical
Microbiology and Infection, 20(10), 981 - 990.
https://doi.org/10.1111/1469-0691.12651

Mahmud, P. I., Yaacob, W. A., & Ibrahim, N. (2017).
Antibacterial activity of alkaloid extracts
from Ochrosia oppositifolia. Sains Malaysiana,
46 (8), 1279 - 1284. http://www.ukm.my/
jsm/pdf_files/SM-PDF-46-8-2017/13%20
Puteri%201.A.M.%20Mahmud.pdf

Manaf, S. R., & Mohd Daud, H. (2016). Screening of
phytochemical properties and antimicrobial
activity of Malaysian medicinal plants
against aquatic bacteria. Malaysian Journal
of Microbiology, 12 (3), 284 — 290. https://doi.
org/10.21161/mjm.83816

Mumtak, L., Ranjit, C., & Bilin, M. (2017). Vietnamese
coriander (Polygonum odorata L): A potential
underutilized spice herb of northeastern
India. International Journal of Farm Sciences,
7(2),25-28.

Murray, P. R. (2015). The Clinician and the
Microbiology Laboratory. In J. E. Bennett, R.
Dolin, & M. J. Blaser (Eds.), Mandell, Douglas,
and Bennett’s principles and practice of
infectious diseases (8th edition, pp. 191 -
223). Saunders. https://doi.org/10.1016/
b978-1-4557-4801-3.00016-3

Nguyen, V. T, Bowyer, M. C, Van Vuong, Q,
Van Altena, I. A, & Scarlett, C. J. (2015).
Phytochemicals and antioxidant capacity of
Xao tam phan (Paramignya trimera) root as
affected by various solvents and extraction
methods. Industrial Crops and Products,
67, 192 - 200. https://doi.org/10.1016/j.
indcrop.2015.01.051

Oikeh, E.I., Omoregie, E.S., Oviasogie, F.E., & Oriakhi,
K. (2016). Phytochemical, antimicrobial, and
antioxidant activities of different citrus juice
concentrates. Food Science & Nutrition, 4 (1),
103 - 109. https://doi.org/10.1002/fsn3.268

Okonodgi, S., Kheawfu, K., Holzer, W., Unger, F. M.,
Viernstein, H., & Mueller, M. (2016). Anti-
inflammatory effects of compounds from
Polygonum odoratum. Natural Product
Communications, 11(11),1651-1654.https://
doi.org/10.1177/1934578X1601101107

21

Putthawan, P, Poeaim, S., & Areekul, V. (2017).
Cytotoxic activity and apoptotic induction of
some edible Thai local plant extracts against
colon and liver cancer cell lines. Tropical
Journal of Pharmaceutical Research, 16 (12),
2927 - 2933. https://doi.org/10.4314/tjpr.
v16i12.17

Rather, I. A., Kim, B.C., Bajpai, V.K., & Park, Y.H. (2017).
Self-medication and antibiotic resistance:
Crisis, current challenges, and prevention.
Saudi Journal of Biological Sciences, 24
(4), 808 - 812. https://doi.org/10.1016/j.
sjbs.2017.01.004

Rempe, C. S., Burris, K. P, Lenaghan, S. C, &
Stewart Jr, C. N. (2017). The potential of
systems biology to discover antibacterial
mechanisms of plant phenolics. Frontiers in
Microbiology, 8,422. https://doi.org/10.3389/
fmicb.2017.00422

Ridzuan, P.M., Hairul Aini,H.,Norazian, M.H.,Shah, A.,
Roesnita & Aminah, K. S.(2013). Antibacterial
and antifungal properties of Persicaria
odorata leaf against pathogenic bacteria
and fungi. The Open Conference Proceedings
Journal, 4 (Suppl-2, M17) 71 - 74. https://doi.
org/10.2174/2210289201304020071

Ridzuan, P. M., Hamzah, H. A., Shah, A., Hassan,
N. M. & Roesnita, B. (2017). Synergistic
effects of Persicaria odorata (Daun Kesom)
leaf extracts with standard antibiotics on
pathogenic bacteria. IlUM Medical Journal
Malaysia, 16 (2). https://doi.org/10.31436/
imjm.v16i2.321

Safdar, M. N., Kausar, T., Jabbar, S., Mumtaz, A., Ahad,
K., & Saddozai, A. A. (2017). Extraction and
quantification of polyphenols from kinnow
(Citrus reticulate L.) peel using ultrasound
and maceration techniques. Journal of Food
and Drug Analysis, 25 (3), 488 - 500. https://
doi.org/10.1016/j.jfda.2016.07.010

Samsudin, N. I. P, Lee, H. Y, Chern, P. E, Ng, C.
T, Panneerselvam, L., Phang, S. Y, .. &
Mahyudin, N. A. (2018). In vitro antibacterial
activity of crude medicinal plant extracts
against ampicillin  + penicillin-resistant
Staphylococcus aureus. International Food
Research Journal, 25 (2), 573 - 579.

Shakya, A. K. (2016). Medicinal plants: Future
source of new drugs. International Journal of
Herbal Medicine, 4 (4), 59 — 64. https://www.
florajournal.com/archives/2016/vol4issue4/
PartA/4-2-13-120.pdf



Borneo Journal of Medical Sciences 17 (3) September, 2023: 12— 22

Xie, Y, Yang, W,, Tang, F,, Chen, X., & Ren, L. (2015). Zacchino, S. A., Butassi, E., Di Liberto, M., Raimondi,
Antibacterial activities of flavonoids: M., Postigo, A., & Sortino, M. (2017). Plant
Structure  activity  relationship  and phenolics and terpenoids as adjuvants
mechanism. Current Medicinal Chemistry, 22 of antibacterial and antifungal drugs.
(1), 132 - 149. https://doi.org/10.2174/0929 Phytomedicine, 37, 27 - 48. https://doi.
867321666140916113443 org/10.1016/j.phymed.2017.10.018

Yik, S. C., Yit, H. C, Poh, Z. C, Hui, L. K., Wen, S. T,,
Kong, S. K., Hean, C. O., & Nam, W. S. (2018).
Antifungal and cytotoxic activities of
selected medicinal plants from Malaysia.
Pakistan Journal of Pharmaceutical Sciences,
317 (1), 119 = 127. https://pubmed.ncbi.nlm.
nih.gov/29348093/

22



