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ABSTRACT

Antimicrobial resistance in Southeast Asia is a macro-level health dilemma that may cause substantial casualties
annually. Fortunately, Southeast Asian mangroves are potent reservoirs of bioactive compounds with antimicrobial
properties in correlation to their traditional usage. Hence, this study aimed to systematically review studies concerning
antimicrobial activities of mangroves in Southeast Asia as well as provide a technological overview of its prospective
use in pharmaceutical industry applications through patents. Through the PRISMA protocol, the search for peer-
reviewed studies originated from Southeast Asia and published between 2010 to 2022 were conducted over databases
such as CORE, Google Scholar, PubMed (MedLine), Science Direct, Semantic Scholar, Scopus, and Web of Science.
Additionally, a patent search was also performed on the Espacenet Patent Search, Google Patents, National Institute of
Industrial Property, and United States Patent and Trademark Office. The studies and patents were collated on Mendeley
Reference Manager as well as tabulated and assessed on Microsoft Office Excel 2016. After the four-phase screening,
59 studies and one patent regarding antimicrobial activities of Southeast Asian mangroves passed the criteria for the
systematic review. It was inferred that Southeast Asia constitutes potentially most species-diverse mangroves with highly
varied antimicrobial properties and can form synergism with drugs. The existing studies and patents may provide
enlightenment on the future path of studies and inventions which must be continually substantiated in animal and
clinical experiments for prospective pharmaceutical industry use. In this way, mangroves can be conserved while
antimicrobial resistance and anthropogenic activities can be lowered.
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ABSTRAK

Kerintangan antimikrob di Asia Tenggara merupakan dilema kesihatan pada aras makro yang menyumbang kepada
kematian setiap tahun. Pokok bakau Asia Tenggara berpotensi sebagai reservoir untuk bahan bioaktif bersifat antimikrob
vang telah diguna pakai secara tradisional. Oleh itu, kajian ini bertujuan untuk meneliti kajian lepas secara bersistematik
berkenaan dengan aktiviti antimikrob pokok bakau di Asia Tenggara dan juga teknologi penggunaannya dalam industri
Jarmaseutikal melalui paten. Melalui protocol penyaringan PRISMA, pencarian penerbitan berwasit dari Asia Tenggara
sekitar 2010 hingga 2022 telah dilakukan melalui database seperti CORE, Google Scholar, PubMed (MedLine), Science
Direct, Semantic Scholar, Scopus, and Web of Science. Tambahan lagi, pencarian paten melalui Espacenet Patent
Search, Google Patents, National Institute of Industrial Property, and United States Patent and Trademark Office juga
dilakukan. Dapatan pencarian diselaraskan dengan Mendeley Reference Manager, kemudiannya dijadualkan dan
dinilai dengan Microsoft Office Excel 2016. Setelah empat fasa penyaringan, 59 kajian dan satu paten berkenaan
aktiviti antimikrob pokok bakau Asia Tenggara didapati menepati kriteria penyaringan. Asia Tenggara didapati
mempunyai spesies pokok bakau yang meluas dan bersifat antimikrob yang dapat menunjukkan nilai sinergi dengan
ubatan. Kajian dan paten yang sedia ada dapat merupakan rujukan bagi kajian serta inovasi pada masa depan. Kajian
dan inovasi tersebut perlu dilengkapi dengan ujian pada model haiwan serta klinikal agar dapat diaplikasikan dalam
industri farmaseutikal. Dengan itu, pokok bakau dapat dipelihara dan kejadian rintang antimikrob dan aktiviti
antropogenik dapat dikurangkan.

Kata kunci: Bakau; aktiviti antimikrob, Asia Tenggara; kerintangan antimikrob; tinjauan bersistematik
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INTRODUCTION

Antimicrobial resistance (AMR) is a progressing global
health and development threat because of the resistance of
microorganisms which consist of fungi, bacteria, parasites,
and viruses to formerly useful antimicrobial drugs as
therapeutics for infection. AMR is also of global concern
since based on the estimation of the United Kingdom (UK)
Department of Health by 2050, it will contribute to 10
million deaths annually worldwide (O’Neill 2016). In
Southeast Asia, the entire region was assessed to be at high
risk of surfacing and disseminating antibiotic resistance
among individuals (Chereau et al. 2017). With the advent
and increased rate of antimicrobial resistance of
microorganisms to commercially available drugs, it is vital
to explore novel potential sources of drugs.

Different kinds of plants have been extensively studied
to discover antimicrobial compounds (Chandra et al. 2017).
Fortunately, the mangroves in Southeast Asia are
prospective reservoirs of natural products such as bioactive
secondary metabolites with highly varied antimicrobial
properties (Patra & Thatoi 2011). Mangroves are
characterized as a coastal wetland ecosystem that contained
diverse species of shrubs, herbs, and trees capable of
growing in a seawater setting (Doydee & Buot 2010; Lillo
& Buot 2016; Smith & Smith 2004). However, around 35%
of the world’s mangrove forest area has been eradicated
as reported from 1980 to 2001 (Food and Agriculture
Organization 2003; Lillo & Buot 2016; Valiela et al. 2001).
Together with mangrove associates, they are affected by
indirect anthropogenic factors such as progressing
commercialization, climate change, destruction, and over-
exploitation (Lillo & Buot 2016).

As the mangrove areas declined continually along with
the emergence and progressive cases of antimicrobial
resistance, it is imperative to explore the Southeast Asian
mangroves to further combat drug resistance caused by
pathogens as well as conserve the mangrove ecosystem.
Hence, this study aimed to systematically review the
existing studies and patents on the antimicrobial activities
exhibited by various species of mangroves in Southeast
Asia and their synergistic effects with drugs. It also
intended to evaluate the methodological quality of studies
regarding mangrove species with antimicrobial action as
well as present the published patents which may entail
prospective industrial and pharmaceutical applications in
controlling the growth of microbes.

METHODS

This qualitative systematic review was carried out by
following the four-phase flow diagram of the PRISMA
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Statement to perform the search for suitable scientific
studies (Mobher et al. 2009).

SEARCH STRATEGY

Various scientific databases involving CORE, Google
Scholar, PubMed (MedLine), Science Direct, Scopus,
Semantic Scholar as well as Web of Science, were mined
for published studies between 2010 and 2022 with no time
limit, written in the English language, and thoroughly
reviewed afterward. The search method utilized the
following keywords: “antibacterial”, “antiviral”,
“antifungal”, “antiprotozoal”, “anthelminthic”,
“antimicrobial activity”, “mangrove”, “mangrove plant
extracts”, “synergistic activity”, and “industry”, along with
names of each country located in Southeast Asia. On the
other hand, the utilized patent databases were Espacenet
patent search (EPO), Google Patents, National Institute of
Industrial Property (INPI), and the United States Patent
and Trademark Office (USPTO). Within these databases,
the included patents focused on Southeast Asian mangroves
with antimicrobial activities and publication years further
than or equal to 2010 as well as with documents written in
the English language. Otherwise, the patents were not
included in the latter screening phase.

Two independent reviewers screened the title of the
entire identified published studies and patents for
correlation with the research aim and location verification.
Once the title agreed with the inclusion criteria, the
reviewers proceeded to carefully assess the abstracts of the
studies and patent documents. On the other hand, articles
that were deemed qualified for the review, or in case
skeptical, proceeded further into full-text reading.
Moreover, group discussions were applied to resolve any
discrepancies that may occur. For additional studies, hand-
searching was conducted as well for the reference of all
included studies (Chassagne et al. 2021; dos Santos et al.
2017; Hlashwayo et al. 2020).

INCLUSION AND EXCLUSION CRITERIA

The abstracts and titles of all published studies and patents
were subjected to manual screening to eliminate those
which did not correlate with the research topic. The specific
inclusion criteria for the studies included papers published
between 2010 and 2022 that dwelled on Southeast Asia
countries, primary peer-reviewed articles, methodology
with effective extraction procedures and antimicrobial
assays with Minimum Inhibitory Concentration (MIC) or
Half-maximal Inhibitory Concentration (IC, ) values for
plant extracts, as well as papers published in the English
language with the accessible full-text article. On the other
hand, the specific exclusion criteria for studies involved



published papers before 2010 and dwelled on other parts
of Asia, all grey literature and articles, ineffective methods
for extraction, ineffective antimicrobial assays with lacked
MIC or IC, values for plant extracts, and articles merely
issued in non-English languages.

In terms of patents, the inclusion criteria involved
published patent documents in the English language that
dwelled in Southeast Asia countries and with publication
years between 2010 and 2022. The exclusion criteria were
contrary to the stated criteria for the included patents.

DATA EXTRACTION

The data from eligible studies and patents regarding the
antimicrobial activities of Southeast Asian mangroves were
collated independently by two reviewers. In case of missing
data, the authors of the extracted studies were contacted
(dos Santos et al. 2017). For the analysis of the data, the
collated information from studies and patents search was
organized, maintained, and visualized in Microsoft Excel
spreadsheet form. On the other hand, Mendeley Reference
Manager was employed for the organization of all studies,
patents, and references gathered.

Records identified through database
searching

(PubMed= 421)
(Google scholar= 1580)

(CORE=22)

|

| Identification |

ASSESSMENT OF RISK OF BIAS

The methodological quality of each included study was
evaluated by the reviewers independently (dos Santos et
al. 2017). Hence, the risk of bias was appraised based on
the description of the studies in terms of the parameters
involved in extraction and antimicrobial assay methods.
The studies garnered a “Yes” on a specific parameter as
the authors presented that parameter; while a “No” was
received by a study since the specific parameter is
impossible to find in the data of certain authors. On the
other hand, a high risk of bias will be indicated in the
studies that presented one to three items, a medium risk of
bias will be implied for four or five presented items, and
a low risk of bias will be indicated in the studies that
presented six to eight items (Cocco et al. 2015). However,
since the current study contains 16 parameters for the
assessment of the methodological quality of the extracted
studies, the interpretation of the level of risk of bias was
modified. A high risk of bias was indicated in the studies
that presented one to six parameters, a medium risk of bias
was implied for seven to 10 parameters that were presented,
and a low risk of bias was indicated in the studies that
positively presented 11 to 16 items.

Records identified through
patent searching

(USPTO= 139)

—

number of duplicated

number of studies and patents after

duplicates removal

studies and patents
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(n=3741)
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on title/abstract screening
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!

studies and patents
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screening

number of full-text studies and patents to be assessed
for further eligibility

(Database records= 178)

l

number of studies to be included in a qualitative
synthesis (systematic review)

(Database records= 59)
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(n=119)
Not the scope (n= 38)
Not available (n=3)
Review article (n= 15)
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FIGURE 1. PRISMA flow diagram of study selection for the systematic review of antimicrobial activities of mangroves species
from Southeast (SE) Asia after data gathering
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RESULTS

STUDY SELECTION

Actotal of 6651 studies were identified from the data mining
in various databases. Through the screening phase, the
collated data were subjected to deduplication resulting in
3881 studies. Moreover, these studies proceeded to title
and abstract screening which resulted in 178 remaining
studies for further eligibility assessment. The full-text
screening phase revealed that 119 studies were removed
due to the reasons provided in Figure 1. As a result of this
thorough assessment, 59 articles were included in the final
set of studies to be reviewed.

Furthermore, in terms of patent searching, 1012
patents were retrieved and after duplicate removal, 41
patents remained. Meanwhile, 31 patents were excluded
since they were not associated with mangroves and
antimicrobial activity. Hence, 10 patents remained for
eligibility screening. Finally, only one (1) patent was
considered in this review.

STUDY CHARACTERISTICS

The systematic matrix on the antimicrobial activities of
Southeast Asian mangroves is constructed which
corresponded to the study characteristics of the final
included articles after the data extraction procedure. It was
hypothesized in this review that several bioactive
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compounds within mangrove extracts could lessen and
control the growth of microorganisms. This is justified by
the 57 in vitro antimicrobial studies concerning the use of
mangrove extracts and tested 78 microorganisms (27 Gram-
positive and 31 Gram-negative bacteria, 15 fungi, 2
protozoa, and 3 viruses). However, it can be observed that
two (2) published studies did not report positive
antimicrobial activity at all (Sibero et al. 2020; Sirichoat
et al. 2021).

In general, the sample size used in antimicrobial tests
is small and most of the studies applied triplicate samples
per test group. Furthermore, the frequent exposure time to
most antimicrobial tests is one day (24 h). Within these
tests, some studies (n=29) did not employ either one or
both of the control groups. This information entails the
limitation of the research design in their in vitro studies.

SOUTHEAST ASTAN MANGROVES SPECIES
AND THEIR DISTRIBUTION

The distribution of mangroves tested for their antimicrobial
activity throughout Southeast Asia is illustrated in Figure
2. Based on the figure, Indonesia has the highest tested
mangrove (n=38) which was followed by Malaysia with
13 mangroves tested, then Thailand with 10 mangroves
species tested. In contrast, the countries of Brunei,
Singapore, and Timor Leste have no reported studies since
the articles from the said countries did not pass the
inclusion criteria.

m iy

FIGURE 2 The distribution of tested Southeast Asian mangrove species by country of origin with reference from the
final included studies
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Furthermore, within the reported 59 antimicrobial-
related studies that utilized mangroves, a total of 62
mangroves species from Southeast Asia were examined
for in vitro activity against pathogenic microorganisms. It
was deemed that the mangroves species belong to 39
families. Mangrove plants from the Rhizophoraceae family
were the most common with five (5) species. Other families
such as Avicenniaceae and Moraceae each represented four
(4) species of mangroves. Moreover, Sonneratia alba
(n=6), Melastoma malabathricum (n=5), and Sonneratia
caseolaris (n=4) were the three most studied species
(Figure 3). Both of the most studied Sonneratia species
are classified as true mangroves with shrub to tree
formation while M. malabathricum is a mangrove-associate
with shrub to tree formation as well.
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Out of 62 mangroves, a total of 51 species tested
positive for antimicrobial activity while 11 species were
reported with no inhibitory action against microorganisms.
These include Dolichandrone spathacea and Lumnitzera
littorea (Kaewpiboon et al. 2012), Atalantia monophyla
(Sirichoat et al. 2021), and Rhizophora mucronata (Sibero
et al. 2020). To add, other mangroves with no inhibitory
action are Acanthus ebracteatus Vahl, Artocarpus elasticus
Reinw. ex Blume, 4. odoratissimus Blanco, Commelina
communis (L.), Cyathula prostrata (L.) Blume, Emilia
sonchifolia (L.) DC. ex, and Helicteres angustifolia L.
(Kudera et al. 2021). Hence, those species are not a
potential source of antimicrobial compounds.

Extraction method

FIGURE 4. Frequency of extraction methods employed for mangrove extracts by publication number
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FIGURE 5 (A). Frequency of solvents utilized for mangrove extracts by the publication number and (B) Southeast Asian
mangroves plant tissue tested for antimicrobial activity



MANGROVE PARTS AND EXTRACTION
METHODS EMPLOYED

The bar graph in Figure 4 displayed the various extraction
methods utilized by 59 reviewed studies. It revealed that
maceration is the most employed since 43 studies included
it in their methodology. On contrary, the least extraction
methods used are decoction, hydrodistillation, and reflux
extraction (n=1). In conducting an extraction of plant
extracts, it is accompanied by a solvent and a plant tissue
of interest. The extraction solvent with the highest
frequency is methanol (n=38) (Figure 5A) while the leaf
is the most common mangrove part used to obtain crude
extract as supported by 42.1% of the 59 published studies
(Figure 5B).

ANTIMICROBIAL COMPOUNDS IDENTIFIED
FROM SOUTHEAST ASTAN MANGROVES

29 species were successful in extraction with diverse
elucidated bioactive compounds. Collectively, the
Southeast Asian mangroves species possessed 49 bioactive
compounds that exhibited antibacterial activity. Moreover,
the antibacterial effect constitutes (n=50) 71.4% of the
overall antimicrobial activities that mangroves can exhibit
with reference to 59 final reviewed studies.

Aside from that, 32 antifungal, 13 antiprotozoal, and
12 antiviral bioactive compounds were also isolated.
However, no anthelminthic compounds were reported.

Agar well diffusion -

Pour plate method I

Antimicrobial assay

Bioautographic
TLC agar diffusion

o [N

20 30 40

Number of publications

FIGURE 6. Frequency of various antimicrobial susceptibility tests utilized in screening Southeast Asian mangroves in terms of the
number of publications. TLC means Thin-Layer Chromatography. The “others” indicate the antiviral (green bar)
and antiprotozoal (blue bar) assay
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ANTIMICROBIAL ASSAYS APPLIED TO
DETERMINE THE ANTIMICROBIAL EFFICACY
OF SOUTHEAST ASIAN MANGROVES

The summary data of Southeast Asian mangroves with the
resulted zone of inhibition after antimicrobial testing as
well as inhibitory concentration values are shown in this
review. In terms of antimicrobial screening, Figure 6
demonstrates the well-known antimicrobial assays with
the incorporation of antiviral- and antiprotozoal-related
tests denoted by “others” in the stacked bar chart. The agar
disk diffusion (Kirby-Bauer) method is the most utilized
which is supported by 33 studies (71.7%) compare with
agar well diffusion (n=6) constituting only 13.0%. This is
followed by other methods such as the pour plate method
and bioautographic Thin Layer Chromatography (TLC)
agar diffusion, both of which were once used. Other
methods refer to antiviral assays (n=3) such as cytopathic
effect inhibition (CPE), firefly luciferase assay system, and
cell culture method. Additionally, one (1) antiprotozoal
assay was utilized and identified as DAPI (4°,6-diamidino-
2-phenylindole) high-throughput anti-malarial assay.
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INHIBITORY CONCENTRATION ASSAYS
UTILIZED TO FURTHER DETERMINE THE
ANTIMICROBIAL EFFICACY OF SOUTHEAST
ASIAN MANGROVES

The bar chart in Figure 7 showed the frequency of inhibitory
concentration assays applied in the final included studies after
antimicrobial susceptibility screening. The figure shows that
broth microdilution is the most used since it represents 51.4%
(n=37) of the entire inhibitory concentration tests. Moreover,
it was followed by agar dilution (n=3) while the least used
assay is broth macrodilution. These methods yielded varying
minimum inhibitory concentration (MIC) values for various
Southeast Asian mangroves. Aside from MIC values, half-
maximal inhibitory concentration (IC,)) values were also
secondarily sought. To completely confirm the antimicrobial
effect of mangrove plant extract, the microbicidal ability of
mangroves was investigated. Figure 8 revealed the graphical
distribution of microbicidal assays in the 59 studies reviewed.
It can be deemed that minimum bactericidal concentration
(MBC) is the most employed microbicidal assay which is
supported by eight (61.5%) published studies. On the other
hand, the time-kill test garnered second in terms of highest
frequency which represents 23.1% (n=3) in the overall
employed microbicidal assays.

20 30 40

Humber of Publications

FIGURE 7. Frequency of inhibitory concentration assays by the number of publications. Minimum inhibitory concentration (MIC)
tests highlight dilution methods
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FIGURE 8 Microbicidal assays applied during the antimicrobial screening of mangrove plant extracts which is presented by the
number of publications. MBC= Minimum Bactericidal Concentration, MFC= Minimum Fungicidal Concentration, and MLC=
Minimum Lethal Concentration.

TABLE 1. Patent claim and information concerning Southeast Asian mangroves

Patent Inventor Country Year Title Type of Company Claimed
Extract
WO02014027958A1 Ho Sup Yoon, Singapore 2014 Anti-viral Protein Nanyang Antiviral
Ding Xiang methods and  extraction  Technological
Liu, Quoc the use of buffer University
Toan Nguyen an anti-viral
agent

SOUTHEAST ASIAN MANGROVES AND THEIR
SYNERGISM WITH DRUGS

One study presented and proved that Southeast Asian
mangrove species M. malabathricum exhibited synergistic
activity with amoxicillin against pathogens. For the
synergism with amoxicillin drug, the combination of
extract and antibiotic garnered a FICI value of 0.5
synergistic categories against Gram-positive bacteria
Bacillus cereus, Staphylococcus aureus, as well as Gram-
negative bacteria Escherichia coli and Proteus mirabilis
(Apridamayanti et al. 2021).

PATENT REVIEW REGARDING SOUTHEAST
ASTAN MANGROVE AS AN ANTIMICROBIAL
AGENT

Based on Table 1, a patent was filed last 2014 by Yoon et
al. which focuses on the antiviral activity of Viscum
ovalifolium, a mangrove-associate epiphyte from the
Loranthaceae family. It is a Southeast Asian mangrove
species from Singapore which contains lectin as an antiviral
agent against the dengue virus.
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QUALITY ASSESSMENT AND RISK OF BIAS IN
STUDIES

In terms of the quality of the 59 included studies, most of
them were categorized under medium to high risk of bias.
The studies scored poorly due to inconsistent control
groups and mangrove extract tested to specific
microorganisms only without encompassing other types
of microbes. Additionally, all the included studies have
various protocols for extraction methods as well as the
solvent used. Likewise, they employed different
antimicrobial assays for each type of microorganism.
Hence, the studies reviewed are quite heterogeneous.

DISCUSSION

In the systematic review of the antimicrobial activities of
mangrove species in Southeast Asia, numerous articles
were acquired to evaluate the methodological quality and
reported antimicrobial efficacy of mangroves extracts.
Moreover, existing patents were also obtained to provide
an overview of mangrove as an antimicrobial agent for
prospective applications in the pharmaceutical industry.
Only less than 3% of the overall deduplicated studies and
patents passed the stringent criteria needed for them to be
included in this review. This result emphasizes the
relevance of upholding research in this area and further
exploring the horizon of mangroves in the field of applied
microbiology and pharmaceuticals. After the study
selection using the PRISMA flow diagram, a thorough data
extraction process was conducted. Out of 59 in vitro
antimicrobial studies, two (2) of them which were
published by Sibero et al. (2020) and Sirichoat et al. (2021)
did not report positive antimicrobial activity at all. The
ineffective activity of mangroves as reported by the
mentioned studies highlighted the fact that there may be a
specific part of a plant that exhibits the highest inhibitory
action against microorganisms.

On the other hand, based on a worldwide standpoint,
Southeast Asia supports the biggest area of potentially most
species-diverse mangroves (Giesen et al. 2006). In terms
of the number of studies per country, 20 articles originated
from Indonesia while in Malaysia, there are 19, and in
Cambodia, there is only one. Hence, it can be interpreted
that when a country has a bigger mangrove area, more
studies about mangroves arise. Indonesia holds the greatest
area of mangroves with an amount of 4.5 million ha
(Honculada-Primavera 2000; Spalding et al. 1997).
Furthermore, Laos was supposed to be excluded from this
study since according to Yahya et al. (2020), it is the only
Southeast Asian country that lacks mangroves due to its
geographic characteristic as a landlocked country.
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Contrastingly, the current systematic review was successful
in retrieving an article concerning a mangrove originating
from Laos (Prajuabjinda et al. 2012) that tackled the
antimicrobial effect of Hydnophytum formicarum Jack, an
epiphytic mangrove-associate plant. Thus, research
regarding mangroves from Laos and other landlocked
countries must be upheld.

Several mangrove species are widespread, especially
in Southeast Asia. One of those is Sonneratia alba, which
is a prevalent mangrove species in the Indo-West Pacific
region and is extensively scattered from East Africa through
Southeast Asia to Southern Japan and Northeastern
Australia (Yang et al. 2017). It is also the most studied
species in the review. It is an evergreen tree and a true
mangrove plant that is best known for its development of
aerial roots, which is done to manage the required
atmospheric oxygen at the absorbing surfaces (Pratiwi
2021; Spalding 2004). Conversely, Rhizophoraceae is the
most studied family. Rhizophoraceae has three unique
characteristics—high salt tolerance, aerial roots, and
viviparous embryogenesis. Interestingly, its embryo starts
germination without dormancy and it grows out of the fruit
and the seed coat while still being affixed to the parent
plant (Guo et al. 2017).

Mangroves are a diverse group of woody vegetation
types that live in brackish and marine environments. There
are two types of mangroves which are categorized as true
mangroves and mangrove associates. True mangroves are
species that live in the coastal habitat only, while mangrove
associates are plants that are often found along with the
mangroves and are mostly found in landward margins.
Mangroves have different plant forms, they can be creepers,
ferns, herbs, orchids, palms, shrubs, vines, and trees
(Giesen et al. 2006; United Nations Development
Programme 2018).

For the mangrove species that have proven to be a
potential source of antimicrobial compounds, an extraction
method must be performed first. This method is necessary
for the separation of bioactive compounds from plant
material before testing it for antimicrobial activity. As seen
in the extraction methods, maceration is the most used. To
support this claim, maceration is one of the traditional and
common techniques (Alara et al. 2018; Belwal et al. 2018;
Cacique et al. 2020; Cuji¢ et al. 2016) since it is a low-cost
method for isolating biologically active compounds as well
as essential oils (Srivastava et al. 2021). Maceration
involves pouring a solvent into a container with granulated
plant material until entirely covered. Afterward, it should
be sealed and kept for at least 72 hours (Abubakar & Haque
2020; Azwanida 2015; Doughari 2012; Ingle et al. 2017,
Majekodunmi 2015; Pandey & Tripathi 2014; Ujang et al.
2013).



Subsequently, methanol is a widely used solvent in
the extraction process because it can generate greater
extraction yields since this organic solvent is characterized
by high polarity (Hassim et al. 2014). Additionally,
methanol is a good solvent that demonstrated an elevated
extraction yield for solid-liquid extraction techniques, for
instance, maceration of plant material (Borges et al. 2020).
Moreover, several studies reported the effectiveness of
exploiting a leaf part upon preparing different extracts
(Burman et al. 2018; Yompakdee et al. 2012).

Additionally, the presentation of mangrove species
with reported bioactive compounds merely served as
supplemental data to corroborate the significance of
extraction methods in attesting to the antimicrobial activity
of Southeast Asian mangroves. Out of the final 59 included
articles, only 28 studies covered the identification of
bioactive compounds as one of the objectives of their study.
Of the total 28 studies, 20 of them isolated conventional
bioactive compounds which are known as phytochemicals
and their other derivatives while surprisingly, other studies
(n=8) isolated novel compounds. These include a new
lupane-type triterpenoid (Harizon et al. 2015); eight
thaixylomolins G—N, two phragmalins, and two
mexicanolides (Li et al. 2015); hydroxyavicenol C and
glycosemiquinone (Mazlan et al. 2020); moluccensins H-J
(Pudhom et al. 2010); five thaigranatins A—E (Ren et al.
2018); scataccanol (Suthiwong et al. 2016);
12-hydroxycorniculatolide A (Wongsomboon et al. 2018)
and 29 limonoids specifically xylomolins A1-A7, B1-B2,
C1-C2, D-F, G1-G5 (Zhang et al. 2018).

In the search for antimicrobial agents for potential
pharmaceutical use, in vitro antimicrobial susceptibility
screening is primarily performed. In the case of Southeast
Asian mangroves, the portion of its extracts has been
subjected to various assays to assess its antimicrobial and
inhibitory capability against pathogens. Moreover, it
reported notable inhibition zone (mm), inhibitory
concentration (pg/ml), and microbicidal concentration (pg/
ml) values exhibited by mangroves. Furthermore, some
mangroves are labeled with no inhibitory effect due to their
ineffectiveness against all tested microbial pathogens.

The most employed test to acquire a zone of inhibition
is agar disk diffusion which utilizes paper disks saturated
with antimicrobial agents and the disks are placed on the
agar surface seeded with bacteria. Afterward, the plate is
incubated overnight and the presence or absence of a zone
of inhibition around the disks is measured (Tenover 2015).
This method is mostly used because it is a simple, cost-
efficient, and official method used for testing antimicrobial
susceptibility. Other methods are not widely applied
because they require specific equipment even though they
can provide rapid results of the activity or effects of
antimicrobial agents (Balouiri et al. 2016).

The more effective way of presenting the antimicrobial
activity of plant extract is through further performing MIC
tests. Hence, it is included in the eligibility criteria.
Minimum inhibitory concentration (MIC) is the gold
standard for the determination of the organisms’
susceptibility (microbiostatic) to antimicrobials through
the lowest concentration (Andrews 2001). The broth
microdilution is a rapid, inexpensive, and standard method
of defining the MIC quantitatively (Luber et al. 2003;
Moreno et al. 2013).

Moreover, it permits a huge quantity of replicates even
with a small amount of sample. As opposed to macrodilution,
it is easier and more effective in interpreting the inhibitory
concentration (Moreno et al. 2013). The best or ideal MIC
value is as low as <0.5 mg/mL or 500 pg/mL (Cappelli &
Mariani 2021) which can be highly reflected in one of the
59 reviewed studies specifically in the article generated by
Prajuabjinda et al. (2012).

Normally, after broth dilution, the minimum
bactericidal concentration (MBC) is conducted. It is a
standardized antimicrobial susceptibility test that served
as secondary screening after broth dilution, through sub-
culturing a sample. It provides the bactericidal endpoint
or the smallest possible concentration of plant material that
could be obtained to kill 99.9% of bacterial pathogens after
one day of incubation (Balouiri et al. 2016; Clinical and
Laboratory Standards Institute 1998; Parvekar et al. 2020).
Utilizing MBC as a supplementary test is beneficial because
it offers the bactericidal concentration in contrast to sole
bacteriostatic intensity, hence, it is conducive to the major
objective of searching for potent antimicrobial agents
(Abedon 2011). All these results infer that screening of
inhibitory action against bacteria is the primary focus of
antimicrobial studies which used Southeast Asian
mangroves as a potential biological agent. In addition to
that, the ideal methodology for antimicrobial susceptibility
assay of mangroves is through the combination of assessing
the zone of inhibition with the help of agar diffusion
methods, subsequent dilution methods to test its
microbiostatic effect with the lowest concentration, and
utilizing microbicidal tests to completely confirm its
germicidal effect.

Aside from merely utilizing plant extracts in
attempting to combat antimicrobial resistance, other
researchers investigated the combination of plant extract
and existing commercial drugs to test its synergism effect
for further enhancement of antimicrobial activity. For the
synergism of M. malabathricum extract with amoxicillin
drug, the combination of the two garnered a Fractional
Inhibitory Concentration Index (FICI) value of 0.5
synergistic categories against £. coli, B. cereus, S. aureus,
and P. mirabilis (Apridamayanti et al. 2021). This means
that the combinatorial effect of M. malabathricum leaves
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extract and amoxicillin increases the inhibitory activity,
thus, further minimization of MIC may be induced on one
or both compounds than on the compounds alone. The
synergism of plants with drugs is crucial because it allows
the use of lower drug doses of the combination constituents.
This would even reduce unfavorable or adverse reactions
(Tallarida 2011). The findings regarding the Southeast
Asian mangroves and their synergism with drug implies
that this area is understudied due to the reason that the
PRISMA flow diagram managed to collate only one study
with reference to the inclusion criteria. Hence, further
pursuits on mangrove plants and drug interaction are highly
encouraged.

Before the plant extract with attested antimicrobial
activity become an agent viable and adequate for
technological (e.g., pharmaceutical industry) use, it may
normally proceed first to patent application. Patents are
important documents that legally protect invention and it
contains information for technological analysis (Clinical
and Laboratory Standards Institute 2006; dos Santos et al.
2017). It can also provide a technological overview of the
inventions concerning mangrove plant extracts and their
antimicrobial activity; wherein this technological overview
offers a summary of an idea, method, or invention which
is commonly science-based, for industrial application.

In terms of patent review of the antimicrobial activity
of Southeast Asian mangroves, there is no available related
systematic review up to this date, hence, it is included in
the current study as a medium of conveying technological
information and invention associated with mangroves. As
an outcome, one patent (Yoon et al. 2014) was obtained
regarding the antiviral activity of Viscum ovalifolium which
contains lectin. The protein extraction buffer helped in
isolating lectins and it was further subjected to an antiviral
test with four serotypes of dengue viruses (DENV). Results
showed that it exhibited minimum virus inhibitory effect
to all four serotypes due to the blockage that the lectin
created on the protein-protein interactions of the viral
protein E. Additionally, it lessened viral replication by 25%.
This invention may be developed further into therapeutics
for dengue. This patent may provide future directions for
studies regarding the antimicrobial activity specifically the
antiviral action of Southeast Asian mangroves.

Finally, the methodological quality of each included
study was assessed by the reviewers based on the
formulated 16 parameters that are associated with the
extraction and antimicrobial assay methods. Even though
most of the studies were identified under medium to high
risk of bias, this solely entails a likelihood and level of a
specific study to have an occurrence of bias which may
lead to less credibility. This risk of bias is primarily based
on comparing and assessing each final included study in
connection to the aim of this systematic review which was
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to report antimicrobial activities of mangroves with diverse
methods. Hence, the risk of bias can be prevented by
conducting and exploring various mangrove parts,
extraction methods, solvents, and a wide range of indicator
pathogens for antimicrobial assays.

Identifying the risk of bias is vital because it helps the
readers to critically and independently study scientific
information to prevent inadequate or potentially dangerous
treatments (Pannucci & Wilkins 2010). On the other hand,
quality assessment is important, especially in a systematic
review because it is an indicator of the strength of evidence
on where conclusions are based. It also enables comparisons
of studies depending on the risk of bias (Whiting et al.
2017).

CONCLUSION

Following the PRISMA protocol, Southeast Asia is deemed
to have numerous species-diverse mangroves. Moreover,
the predominant extraction method is macerating leaf tissue
with methanol. Subsequently, the obtained crude extracts
possessed diverse and novel bioactive compounds which
can be tapped for antimicrobial efficacy. In the search for
antimicrobial agents for potential pharmaceutical use, the
in vitro susceptibility screening performed for mangroves
were agar disk diffusion, broth microdilution, and minimum
bactericidal concentration test. On the other hand, one
patent reported a mangrove with proven antiviral efficacy.

Within Southeast Asia, it was observed that as the
country contains larger mangrove areas, more antimicrobial
studies are published. Hence, more opportunities for studies
to be patented and potentially utilized in the pharmaceutical
industry to combat antimicrobial resistance. This systematic
review may shed light on future perspectives of studies
regarding the antimicrobial activities of mangroves which
must be continually substantiated in imminent animal and
clinical experiments. Furthermore, mangroves from
Southeast Asia are anticipated to be a future treatment for
infectious diseases.

Protecting and conserving mangroves is essential to
ensuring the health and resilience of coastal ecosystems in
Southeast Asia, given the rising evidence of the diversity
of mangrove species’ applications and value in various
industries. The development of robust regulatory
frameworks, the engagement of local communities, the
promotion of sustainable aquaculture, the restoration of
degraded mangroves, and the formation of partnerships
can guarantee the long-term survival of these critical
mangrove species and ecosystems. Countries in Southeast
Asia must enact and enforce laws and regulations protecting
mangroves and penalize those who harm them. This can



include the establishment of protected areas, the regulation
of mangrove harvesting and logging, and the establishment
of fines for illicit activity. Local people are major partners
in the conservation and protection of mangroves, and their
participation is crucial to the long-term viability of any
conservation project; therefore, local engagement is
required. Governments and non-governmental organizations
can collaborate with communities to promote knowledge
about the significance of mangroves, provide alternate
means of subsistence, and involve them in monitoring and
restoration activities. Recognizing aquaculture’s
significance as a primary driver of mangrove degradation
in Southeast Asia and supporting sustainable techniques
will help mitigate this effect. Restoring degraded mangrove
ecosystems can assist in reversing the decline of these
essential ecosystems. New mangroves can be planted,
invasive species can be eliminated, and water quality can
be enhanced through restoration efforts. Collaboration
between governments, NGOs, and other stakeholders is
essential for the conservation and protection of mangroves.
Partnerships can assist leverage resources, facilitate the
exchange of knowledge and skills, and promote conservation
and restoration best practices. Investing in mangrove
protection and restoration can have several positive
outcomes, such as mitigating climate change, maintaining
biodiversity, and promoting sustainable economic
development. As such, it is a crucial component of an all-
encompassing strategy for building a more sustainable
future.
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