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HISTORY ABSTRACT

Plants produce non-nutritive compounds known as secondary metabolites. These compounds can
be found in several parts of the plants. Emphases have been placed on these compounds as
curative agents in treating different types of diseases. Total phenolic contents of the plant extracts
(leaf extract of Anacardium occidentalle, bulb extract of Allium sativum, bark extract of
Casaurina equisetifolia, leaf extract of Dysophylla auriculata and bark extract of Mimusops
elengi) were determined by using Folin-Ciocalteu method, and the values were expressed in
microgram (ug) gallic acid equivalent (GAE) to 1 milligram (mg) of extract. The antibacterial
activities of the 80% methanolic extracts of the plants were determined against nine species of
pathogenic bacteria; that were Escherichia coli 0157:H7, Vibrio alginolyticus (ATCC 17749),
Vibrio parahaemolyticus (ATCC 17082), Salmonella paratyphi (ATCC 9150), Yersiniae
enterocolitica (ATCC 23715), Listeria monocytogenes (ATCC 19115), Salmonella typhi (ATCC
14028), Escherichia coli (ATCC 0157) and Staphylococcus aureus (ATCC 700699). Out of the
five selected samples, the highest phenolic content was recorded with the bark extract of
Mimusops elengi (442.59 + 2.09). From the antibacterial screening, the most potent extract was
observed with the bark extract of Mimusops elengi against L. monocytogenes (ATCC 19115),
with a minimum inhibitory concentration value of 15.63 pg/mL, then followed by Allium sativum
with 62.5 pg/mL. The correlation determined in this study between the total phenolic content and
the antibacterial activity of the bark extract of Mimusops elengi confirmed its effectiveness
against the screened species of bacteria. This work may be useful for the pharmaceutical industry
in developing new natural product-based therapy for pathogenic bacteria.

Received: 7th Oct 2023
Received in revised form: 215t Nov 2023
Accepted: 29th Dec 2023

KEYWORDS

Plant extracts

80% Methanolic crude extracts
Antibacterial screening

Total phenolic content
Mimusops elengi

INTRODUCTION as significant as that of global warming, and that novel antibiotics
capable of curtailing the detriment should be developed [1]. The

In other to reduce the rate of antibacterial resistance, the increase in pathogenic resistant microorganisms towards

causative agent must be spotted as soon as possible. The
increased prevalence of antimicrobial resistance (AMR) has
pushed for a continual search for novel antibacterial agents. The
world Health Organization has suggested that AMR be included
on the National Risk Register, as its potential impact on health is

conventional drugs and investigation of the bioactive compounds
within folk medicinal plants makes medicinal plants very
important in conventional medicine [2]. A lot of investigations
have been carried out on medicinal plants resulting in the
discovery of novel drugs that are used in developing new curative
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agents [3]. For example, a comprehensive review of the
antibacterial activity of different plant extracts against different
pathogenic bacteria has been reported by [4]. [5] also established
various antibacterial activities of 54 extracts from 18 medicinal
plants against different strains of bacteria using different solvents
of different polarities (ethanol, hexane and ethyl acetate). Many
more studies have been conducted on the efficacy of plant
extracts against numerous species and strains of pathogenic
bacteria [6-10].

Many novel drugs were discovered from plant sources such
as benzoin isolated from Styrax tonkinensis used for oral
disinfectant and emetine from Psychotria ipecacuanha used for
treating amoebic dysentery [11,12]. Phenolic compounds are
chemical substances bearing an aromatic ring that is attached to
one or more hydroxyl substituents and a functional derivative.
The chemical structures of phenolic compounds determine the
class of the compounds. Some molecules of the compounds are
simple (for example phenolic acids), while some are complex
(for example tannins). Simple phenols and polyphenols are the
two main subgroups of phenolic acids, which are derivatives of
benzoic and cinnamic acid while the third group include the
derivatives of phenylacetic acid. Phenolic compounds are found
abundant in different parts of plant species. These compounds are
found to possess anti-inflammatory, antibacterial and antioxidant
activities [13].

Phenolic compounds are ingested, absorbed and conjugated
in the small intestine, where three main conjugation reactions
take place; methylation, sulfation and glucuronidation [14].
Numerous studies revealed the antibacterial activity of some
phenolic compounds against pathogenic bacteria. For example,
the activity of the phenolic compounds (coumarin and quercetin)
was reported to possess antibacterial effect against Escherichia
coli, Enterobacter aerogenes, Salmonella typhimurium and
Salmonella infantis [15]. Similarly, a study conducted by [16]
showed the antibacterial activity of luteolin-7-glucoside, luteolin,
rutin, caffeic acid and rosmarinic acid against three species of
diarrheagenic bacteria: Bacillus cereus, Shigella sonnei and
Staphylococcus aureus. The results obtained showed that the use
of plant materials in treating diseases may reduce or prevent the
threat of microbial infections, which may partly be due to their
phenolic composition.

MATERIALS AND METHOD

Preparation of extracts and reagents

An electronic balance was used to weigh 1g of crude extract
which was dissolved in 1mL of 80% methanol in micro-
centrifuge tubes to obtain extracts of 1 g/mL. This was followed
by sonicating the tubes and their contents for 5 min. One (1 mL)
of Folin-Ciocalteu reagent (from the stock) was added to 9 mL of
distilled water to obtain 10% (v/v) of the solution which was used
for the analysis [17]. Similarly, to obtain 20% of sodium
carbonate (Na2CO3), 20 g was weighed and dissolved in 100 mL
of distilled water (w/v).

Folin-Ciocalteu assay

Total phenolic content (TPC) was determined using Folin-
Ciocalteu’s (FC) method [18] modified to the 96-well plate
assay, as adopted by [19]. Briefly, 10 pL of the 80% methanolic
extracts of each of the 45 plant samples (1 g/mL) were loaded in
the 96-well microplate and 25 pL of the reagent (FC) was added,
this was kept for about 5 min for pre-incubation at 27 + 1°C.
Subsequently, 25 uL of 20% of a sodium carbonate solution was
introduced and then followed by distilled water to a final volume
0f'200 pL per well, which was then re-incubated for 30 min at 27

+ 1°C. The experiment was conducted in triplicate (n=3). A
similar procedure was adopted with 10 different concentrations
(9.77-5000 pg/mL) of garlic acid to plot the standard curve of its
absorbance. Methanol solvent (80%) was used as the blank. To
prepare the blank, 25 pL of the FC reagent was replaced with 25
uL of 80% methanol, and the same procedure was implemented
as previously mentioned for FC preparation. The absorbance was
then read at 750 nm using a Multiskan Spectrum Micro-plate
reader (Thermo Scientific, United States of America) and the
absorbance values of the blank (80% methanol) were subtracted
from the absorbance values of their corresponding samples.

The results were expressed as micrograms of gallic acid
equivalents per milligram extract (ug GAE/mg extract). A
standard curve was plotted based on the generated absorbance
values. The total phenolic contents of the extracts were calculated
by incorporating the absorbance values of the extracts into the
standard curve produced by gallic acid. Firstly, the unknown
concentration (x) from the calibration curve was calculated from
the generated formula:

y =0.000183x + 0.05424

Where
y = absorbance of the plant samples.
X = concentration from calibration curve

The total phenolic contents were calculated according to [20].
Thus,

TPC =cV/m

Where

¢ = concentration from calibration curve
V= Volume of the extract used

m= Mass of the extract used

The total phenolic contents in microgram (pg) per milligram
(mg) were obtained by dividing the TPC content by the mass of
the dry plant sample multiply by 1000.

Method for bacteria culture

One loopful of pure bacterial colonies from the agar slant was
streaked onto the surface of fresh nutrient agar. The inoculated
plates were then incubated at 37 °C for 24 h. Then, one loopful
of pure bacterial colonies from the agar plates was inoculated in
fresh nutrient broth. The inoculated plates were then incubated at
37 °C for 24 h. The bacterial suspension was then prepared by
pipetting the suspension into the sterile universal bottle. Sterile
broth was then added into the universal bottle and the turbidity of
the solution was then adjusted to 0.5 McFarland turbidity
standards equivalent to 1.5 x 108 CFU/mL (Colony Forming
Unite). Then, the solution was diluted 1:100 with sterile broth.
The initial inoculum size was approximately 1.5 x 10 CFU/mL
for bacteria.

Plant materials

The plant samples used in this research were identified by
Professor Shaida Fariza Sulaiman (a professor and a botanist at
the School of Pharmaceutical Sciences, USM, Penang). The
vouchered specimens were prepared and deposited in the school
of Biological Science, USM. The samples were collected from
various places within Penang, Malaysia during the rainy season.

Plant extracts preparation using 80% methanol
The extraction methodology was implemented as described by
[21]. Plant parts were washed with water to remove the debris,
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and then dried in an oven at 50 °C for two to three days. This was
followed by grinding the parts into powder using a blender (JS
Kitchenware, Malaysia). The powdered plant parts were soaked
in 80% methanol solvent and then boiled for 2 h. It was then
filtered using Whatman filter paper No. 1 to obtain the filtrates.
The remaining specimens were again boiled, and the filtrates
were obtained. The process was repeated until all had been
extracted, and finally, the filtrates of the extracts were kept in an
oven at 50 °C to dry and were stored at 4 °C.

The concentration of 40 mg/mL of each extract was
subjected to six two-fold serial dilution and different
concentrations were obtained; 40 mg/mL, 20 mg/mL, 10 mg/mL,
5 mg/mL, 2.5 mg/mL and 1.25 mg/mL respectively. The same
serial dilution was obtained for the positive control (tetracycline);
5 mg/mL, 2.5 mg/mL, 1.25 mg/mL, 0.625 mg/mL, 0.362.5
mg/mL and 0.15625 mg/mL respectively. Both 80% methanol
extracts of the plant samples and the positive control were
dissolved in 99.9% (v/v) dimethyl sulfoxide (DMSO) to obtain
the concentrations. Lastly, the different concentrations of the
extracts obtained from the serial dilution were subjected to
antibacterial screening.

Antibacterial screening of the 80% methanolic extracts

The minimum inhibitory concentration (MIC) of the extracts was
determined using microdilution broth method. The methodology
was adopted as described by [22] with some modifications. The
parameters used for the microdilution assay are in accordance
with that of [23]. The bacteria were cultured from stock into 10
mL fresh nutrient broth and incubated at 37 °C for 18-22 h. The
colonies of the cultured bacteria were inoculated in normal saline.
The turbidity of the grown bacteria (inoculum) was then adjusted
to 0.5 McFarland standard [approximately 1.5 x10% colony-
forming unit per milliliter (CFU/mL)]. A final concentration of
2.5% (v/v) of DMSO was obtained.

The final density of the inoculums was obtained at
approximately 1.5 x 10° CFU/mL. The plant samples (5 uL) were
loaded on the sterile microplates, and then followed by 195 uL
of the inoculums. Dimethylsulfoxide (DMSO) solvent (5 pL)
with 195 pL of the inoculums was loaded, and this served as the
negative control; consequently, 5 uL of tetracycline with 195 pLL
of inoculums was loaded which was used as the positive control.
Two hundred microliter (200 pL) of sterile nutrient broth was
loaded for sterility control and 200 uL of the inoculum for
inoculum control. The loaded microplates were covered and
sealed with paraffin film to avoid contamination and then
incubated at 37 °C for 18-22 h. A solution of
Iodonitrotetrazolium chloride (INT) was prepared at a
concentration of 0.3 mg per 1 mL of sterile distilled water, which
was used to analyze the result of the bioassay.
Iodonitrotetrazolium chloride (40 pL) was loaded to the
incubated plate, and the result was observed and recorded after
30 min of re-incubation period at 37 °C. The appearance of pink
colour indicates the absence of inhibition, and the lacking pink
color indicates the presence of inhibition. Each of the tests was
replicated three times. The MIC was ascertained by choosing the
least concentration of the plant extract that totally hinders the
survival of the organism using INT as an indicator [24].

RESULTS

Table 1 shows the total phenolic contents of the 5 species of plant
extracts employed in this study. The total phenolic contents of
these extracts were determined by using Folin-Ciocalteu method.
The evaluation of phenolic content in each extract was conducted

by extrapolating from the gallic acid standard curve. These values
are expressed in terms of microgram (ug) gallic acid equivalent
(GAE) to 1 milligram (mg) of extract. The absorbance was
detected at 750 nm using UV-Visible spectrophotometer. Out of
the five samples, the highest phenolic content was recorded with
the bark extract of Mimusops elengi (442.59 + 2.09).

Table 1. Total phenolic content of the 5 plant extracts.

(ugGAE/mg extract)

Scientific name Voucher 1 2 3
1D

Allium sativum SFS/IB/2  354.07 351.34 355.42 353.61 1.69

Mean SD

Anacardium  SFS/IB/5 34.29 36.41 36.51 34.80 1.02
occidentalle

Casaurina SFS/IB/8 54.27  57.07 55.00 55.45 1.19
equisetifolia

Dysophylla SFS/IB/12 32.54  31.05 33.39 3233 097
auriculata

Mimusops SFS/IB/24 445.45 440.52 441.77 442.59 2.09
elengi

Note: Result of total phenolic contents are expressed as means of three determinations of
microgram Gallic acid equivalent/miligram (ugGAE/mg).

Antibacterial activities against different strains of bacteria
of the 5 plant extracts are shown in Table 2. Most of the plant
extracts displayed antibacterial activities against two or more
tested bacteria with MIC values ranging from 1000 pg/mL to
7.81 pg/mL. The MIC were the final concentrations of the tested
samples, which were prepared from the initial concentrations of
40 mg/mL to 1.25 mg/mL. However, none of the extracts was
found to exhibit an antibacterial effect against all the species of
the studied bacteria.

Table 2. Minimum inhibition concentration (ng/mL) of the methanolic
(80%) extracts.

Gram-positive  Gram-negative

Plant name L. S. E E S S. V. V. Y.
monocyt aureus coli coli parat typhi alginol paraheam enteroc
ogenes 0157: yphi yticus olyticus  olitica

H7

Tetracycline  0.24 0.06 049 195 0.12 1563 15.63 15.63 3.97
Anacardium 1000 500 - 1000 1000 500 - - 1000
occidentalle

Allium sativum - 62.5 - - - - 1000 1000 -
Casaurina - 1000 - - - - - - -
equisetifolia

Dysophylla 1000 - - - - - - - 500
auriculata

Mimusops 15.63 - - - - - - - 250
elengi

DISCUSSION

Several studies have established the significance of phenolic
compounds against different strains of pathogenic bacteria. The
therapeutic action of these compounds against various strains of
bacteria has been investigated by many researchers [25 and 26].
The results obtained from this research disclosed vital evidence
about these compounds as potential natural therapies. The work
of this finding is in conformity with that of [27] which confirmed
the total phenolic content of 375.9 mg/g of the chloroform bark
extract of M. elengi using Folin-Ciocalteau reagent. Another
research conducted by [28] also exhibited higher total phenolic
content (698.7 + 0.93 mg/g) of the methanolic bark extract of the
plant (M. elengi).

The antibacterial activities of the tested plant extracts
against nine different species of bacteria that are reported to cause
infection were determined in this study. The difference in
susceptibility of the bacteria might be due to the distinction in the
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composition of the cell walls of Gram-negative and Gram-
positive bacteria. Gram-positive bacteria are more susceptible to
plant extracts due to the presence of a thin cell wall layer of
peptidoglycan, which may allow easy penetration of compounds
compared to Gram-negative bacteria which contains a lipid
membrane bounded by a thick cell wall layer of peptidoglycan,
this can restrict the passage of compounds into the cell of the host
bacteria [29].

Tetracycline was used as a positive control in the screening.
The drug is used as an antibacterial agent for treating bacterial
infections in many parts of the world [30 and 31]. From the
screening, the methanolic bark extract of Mimusops elengi, is the
most effective extract against L. monocytogenes (ATCC 19115),
with a minimum inhibitory concentration of 15.63 pug/mL. The
result is in agreement with the findings of [32] that reviewed the
antibacterial activity of the plant (M. elengi) using various
methods of extraction against numerous strains of pathogenic
bacteria.

CONCLUSION

The present study highlights the significance of plant extracts,
particularly those derived from Mimusops elengi, in the context
of their phenolic content and antibacterial activities. This
research quantitatively assessed the total phenolic contents of
five species of plant extracts, showcasing Mimusops elengi bark
extract as possessing the highest phenolic contents with
significant therapeutic properties. Furthermore, the antibacterial
screening of 5 plant extracts against various bacterial strains
revealed a broad spectrum of activity, with MIC values ranging
significantly, indicating the extracts' variable efficacy against
different bacterial pathogens. Notably, the methanolic bark
extract of Mimusops elengi exhibited a compelling inhibitory
effect against L. monocytogenes, positioning it as a potent
antibacterial agent among the tested extracts. In conclusion, this
study contributes valuable data to the growing body of evidence
supporting the use of plant-derived phenolic compounds as
natural alternatives to synthetic antibiotics. The demonstrated
antibacterial efficacy of Mimusops elengi, alongside its high
phenolic content, emphasizes the potential of such natural
resources in developing effective, sustainable strategies for
managing bacterial infections.
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