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ABSTRACT

The present study is concentrated on screening of phytochemical and bioactive compounds from marine
mangrove plant of Avicennia marina (A. marina). The plant extract was purified by soxhlet extraction process, and
the available phytochemicals, bioactive compounds and other organic compounds were confirmed by LC-MS
analysis. Subsequently, the antioxidant and DPPH scavenging activities of the A. marina extract was shown
79 % and 88 % at 500 ug/mL concentrations were observed respectively. Further, the antimicrobial efficacy of
A. marina extract was shown 22 and 26 mm and 18 and 24 mm zones of inhibition against K. pneumoniae,
A. baumannii, S. aureus and Enterococcus sp. at 500 pg/ml concentrations by agar well diffusion method. In
addition, the liquid medium based bacterial inactivation was clearly observed with 78 %, 89 %, 81 % and 90 % at
500 ug/ml concentration. Furthermore, the biofilm inhibition concentration and exopolysaccharide degradation
effect of A. marina extract indicated that the bacteria were completely arrested and the inhibition range of 92 %,
88 % 84 % and 90 % and 89 %, 94 %, 90 % and 86 % were observed respectively. Finally, the result evidences
were clearly indicated that the mangrove plant A. marina was excellent antimicrobial inhibitor and also future
drug discovery plant to fight against some important multi drug resistant pathogens.

1. Introduction

grow and produce novel bioactive metabolites, thus driving geochem-
ical cycles of elements. Also, it is produce important impact on the

Mangrove ecosystems have complex nutritional conditions and material cycle and energy flow in mangrove ecosystems (Tao et al.,
produce diverse pharmaceutical molecules in microorganisms. 2022). Generally, microbes are more sensitive to environmental condi-
Mangrove microbes can acquire the nutrients from revers process to tions, and their community composition can be changed accordingly
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with the help of changes in the environment. In addition, the relation-
ship between living materials and mangrove environment can be pro-
duce extraordinary biopharmaceutical products (Arulkumar et al.,
2020). Mangrove plants are grown in difficult environmental nature
halophytic plants which can grow in intertidal zones between lands and
coastal tropical and also subtropical regions (Jing et al., 2022). Some-
times, mangrove plants are used as a traditional folk remedies in South
and central Asia including India, China, Thailand, Indonesia, Malaysia
and Singapore.

Previously several studies reported that the mangrove plants have
efficient anti-bacterial, anti-cancer, anti-inflammatory, anti-viral and
anti-diabetics activities. In particular, the genus Avicennia is the most
important worldwide available plant having ability to produce new
types of biopharmaceutical product. Previous reports are reported that
the mangrove Avicennia marina has high content of tannin in their
woods. Then, the bark of Avicennia marina is used in leather and dying
industries. It has excellent healing properties having high phytochemi-
cals contents including terpenoids, glucosides and naphthalene (Lalitha
et al., 2021). Also, the rich phenol and flavonoid rich content of the
A. marina was identified with bioactive compounds and antimicrobial
properties (Sreekanth and Anupama, 2021).The leaf extract of
mangrove plants have excellent phytochemical producing ability like
alkaloids, steroids, saponins, tannins, terpenoids and anti-oxidant with
scavenging activity (Vasanthakumar et al., 2019). Also, all these phy-
toderivatives are played important role in chemical compound produc-
tion and also protect the plant through host defense mechanism under
the conditions of biotic or abiotic stress (Shekhar Das, 2020). The rich
availability of these derivatives is evidence to hold medicinal properties
and use in remedial approach of health. The failure of existing drugs and
synthetic drugs are the leading reason for concentrate in new kind of
plant materials and their related chemical derivatives. It is also helped to
find new chemical derivatives that improve the plant nature effectively.
Importantly, 95 % of the synthetic drugs are more hazardous and it
affect very dangerous side effect and it have chance to collapse the na-
ture of drugs. Due to this defect, recent years researchers are focused
natural product drug discovery from different sources. In particular,
unaware place of the mangrove is the essential source to increase the
drug discovery against various pathogens with low hazardous effect
(Kandasamy et al., 2021).

Recent years, mangrove antioxidants are heightened more world-
wide because of their positive involvement as health improved factors
including cardiovascular diseases, cancer and other heart diseases.
Many natural plants are the main source to produce free radical scav-
engers and they are contributed great attention worldwide. As same as
mangrove plant A. marina is the considerable plant source finding
naturally occurring antioxidant for use in food and medicinal industries
to replace the synthetic antioxidants which decreased the side effects.
Subsequently, more antioxidant compounds were reported from A.
marina plant, notably 2, 3-tert-butyl-4-methoxyphenol, butylated
hydroxyanisole and tert-butylhydoquinonone (Tian et al., 2020).

In addition, more researchers are concentrated mangrove plant
research that it has extra ordinary activity against microbes, virus and
larvicidal (Rajivgandhi et al., 2018). Based on these advantages, previ-
ous researchers are also performed and identified the anti-oxidant and
phytochemical properties. In particular, the mangrove plant of A. marina
and Rhizophora mucronata are the important plant in secondary metab-
olites production with greater efficiency (Titah et al., 2021). Sometimes,
the lower pH is also responsible for improve the chemical nature of the
plant due to the increase the addition of food supplement nature in salt
marshes. High level of salt conditions may influence the stress responses
in particular genes for production of increased efficiency of chemical
compounds. Sometimes, it has the complete destroying ability against
some important pathogens. It is prime approach to detect the efficiency
of A. marina in different stress conditions like carbon, nitrogen, pH,
temperature, NaCl and other sources (Besley and Birch, 2021).

The mangrove plant of A. marina is the dominant marine mangrove
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plant in India and has potential biological properties. The anti-oxidant
rich A. marina extract has been already reported with anti-microbial,
anti-biofilm and anti-cancer activities. In addition, more new com-
pounds or derivatives or phytochemicals are heavily available in this
plant. Based on the above said advantages, the present study is focused
on marine mangrove plant A. marina, and their antioxidant and bio-
logical activities using various invitro assays.

2. Materials and methods
2.1. Chemical and glasswares

All the chemicals and glass wares of this study were purchased from
Merk, India PVT Limited, Mumbeai, India. The plastic bags, washing and
extraction solutions were procured from Suresh Scientific & Co, Tir-
uchirappalli, Tamil Nadu, India. The phytochemical derivatives detec-
tion chemicals, anti-oxidant activity chemicals and other invitro assay of
the media and chemicals were ordered from Ponmani & Co, Tiruchir-
appalli, Tamil Nadu, India.

2.2. Collection of samples

The healthy, fresh, uncontaminated A. marina plant leaf, stem, bark
were collected from Muthupet Mangrove Region (Latitude
9°15'41.88"N, Longitude 79°04'05.81"E), Thiruvarur District, East Coast
of Tamil Nadu, India. Initially tap water was used to remove the surface
contaminants and followed by double distilled water. Next treat the
samples with alcohol for removal of free floating contaminants which
available on the plant surface. Then, the samples were air dry, and clean,
neat samples were taken for further experiments. Finally, the samples
were ground by using grinder and taken the powder for extraction
process.

2.3. Active crude extract preparation

For crude extract, the powdered sample was mixed with ethanol
solution in the ration of 1:10 was used. The samples were applied in the
soxhlet apparatus with needed temperature until the color was turn into
yellow, green to clear yellow within the time period of half day. The
heated extraction process was cooled until the sample come original
nature environment with settlement in bottom of the flask. For clear
sample, the solvent was completely removed using rotary evaporator.
The yield of the sample was identified based on the available formula of
Tian et al. (2020). Then, the extract was separated was used for further
work and stored in deep freezer.

2.4. Available phytochemical derivatives in A. marina

The available chemical derivative of A. marina extract was per-
formed to LC-MS analysis. In LC-MS, the alkaloid, phenol, flavonoid,
secondary metabolites, growth hormones, alcoholic derivatives, ste-
roids, terpenoids, amino acid leads, and other available chemical com-
pounds were screened and the screening of these chemical derivatives
by LC-MS was followed by previously published article of Rajivgandhi
etal. (2021). Shortly, column capacity of 30 m x 200 pm x 0.30 pm was
chosen, it was available automatically in the LC-MS machine. Also, the
machine was made by CP-Silicon 5 of chrome pack. Before start process,
must check the temperature initial and extended, it should be main-
tained 60 °C—150 °C with 5-15 min respectively. In addition
150-300 °C of constant temperature was also fixed and the injector
detector was attached in this place. Further, 30 cm/s of carrier gas with
1 mL/m of flow rate were set in linier velocity. Based on the peak evi-
dences, the holding material of A. marina was clearly detected. The
available materials were confirmed by retention time, occupied are and
occupied percentages. The chemical derivatives and their peaks were
further cross checked by NIST library which available in Bharathidasan
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University, Thiruchirappalli, Tamil Nadu, India.

2.5. Anti-oxidant properties of A. marina

The anti-oxidant properties present in the marine mangrove plant of
A. marina was measured by invtitro sodium phosphate and ammonium
molybdate assay followed by recently reported study of Loo et al.
(2007). Briefly, the stock solution of A. marina extract (1 g) was taken in
10 mL of methanol solution. Aliquot 2 mL of the samples into separate
test tube, as well as take 2 mL of sodium phosphate and ammonium
molybdate combination in another tubes. Each tube was allowed to run
the reaction for 5 min time interval. The second test tube containing
samples were mixed together well and allowed to run the reaction for 5
min. Subsequently, 2 mL HySO4 was added into the reaction mixture of
the sample and maintain into the water bath at 95 °C for 40 min time
interval. Following, 2 mL of prepared A. marina extract sample was
added into the reaction mixture of the sample tube and run the process
at 37 °C for 20 min. After reaching the time, the test tube was monitored
to seen the anti-oxidant activity by visible observation and then fol-
lowed to analyzed the 600 nm O.D value by spectrophotometer. The
same set up of the procedure with ascorbic acid except A. marina extract
was acted as a standard control, and the result was taken by spectro-
photometer. Both the standard and tested values were carefully inter-
preted and measured the anti-oxidant activity level of the A. marina
extract. Here, 1 mg of the ascorbic acid was equal to 1 g of the A. marina
extract.

2.6. Calculation of free radical scavenging properties by DPPH assay

As per previous experiment of Rajivgandhi et al. (2020), the ascorbic
acid was used as a standard for calculate the free radical scavenging
activity of A. marina extract. At 50-300 pg/mL concentration of
A. marina extract was separately filled by 100 mL of DPPH in single test
tube. Whereas, each 5 mL of butylated hydroxyl toluene and DPPH were
taken together in another test tube. Both the samples containing tubes
were allowed to run the process until reach 45 min at 37 °C, and then
calculated separately their anti-oxidant properties under 600 nm O.D
value by spectrophotometer. In addition, 70 % ethanol was used as an
experiment control. Finally, the test and control O.D values were
interpreted each other and confirmed their anti-oxidant properties
based on the bellowed formula,

Control O.D — TestO.D

% of DPPH scavenging activity = ControlOD x 100

2.7. Biological property of extract

Weather the antimicrobial ability of A. marina was increased or not
was confirmed by using agar well diffusion method with help of earlier
report of Dhayanithi et al. (2012). The 12 h old staled culture of biofilm
forming K. pneumoniae, P. aeruginosa, S. aureus and Enterococcus sp. were
spread on previously prepared cooled muller hinton agar plate. The
clear wells of 6 mm distance were made into the agar surface and total of
5 were made. Then, the crude A. marina was taken mixed in methanol
with different concentration added into the four well. Fifth well was
filled by methanol for detect the originality of A. marina extract. All the
procedure plate was put into incubator with 37 °C for 1 day. After 1 day,
the zone formation around the well was calculated and interpreted with
control for original result.

2.8. Confirmation of anti-bacterial property by minimum inhibition
concentration assay

The minimum concentration of A. marina was inhibited the highest
number of bacterial growth was suggested as minimum inhibition con-
centration assay (Jamal et al., 2021). It was suggested that the extract
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has excellent anti-bacterial property against tested pathogens. So, the
96-well plate method with quantification in spectrometer was used to
detect the ability of A. marina extract. The methanol extract of A. marina
was used as different concentration (25-250 pg/mL), and added into 96-
well plate. The plate was already mixed with 100 pL of sterile broth with
10 uL of biofilm forming K. pneumoniae, P. aeruginosa, S. aureus and
Enterococcus sp. in separate plates. After mix, all the plates were slightly
by rotation for mixed thoroughly, and then maintained one day in 37 °C
incubation. After incubation, the turbidity level of the wells were clearly
monitored by named eye and went to taken spectrometric analysis using
540 nm O.D including control well also. Based on the turbidity level and
0. D values were clearly noted and converted to result in percentage use
control as a substrate. Finally, the inhibition ability of A. marina was
calculated using bellowed formula,

Percentage of inhibition = 100(O.Dyeyted vatue — ODcontrol vatue) X 100.

2.9. Minimum biofilm inhibition concentration

The 24-well polystyrene plate was used to eradicate the biofilm cells
using crude extract of A. marina at 50-300 pg/mL concentration fol-
lowed by the recent report of Okla et al. (2021). 1 mL of 48 h matured g
K. pneumoniae, P. aeruginosa, S. aureus and Enterococcus sp.cultures were
inoculate into 24-well containing sterile freshly prepared tryptic soy
broth. Subsequently, 50-300 pg/mL concentration of A. marina extract
was treated into the respective wells. After, treated cells were discarded
and washed initially by 10 % PBS to remove the non-adherent cells,
followed by treated with 4 % crystal violet to stain the attached cells and
allowed 10 min to complete fixation. After treatment of biofilm fixation,
the crystal violet was removed and then washed by double distilled
water. Five min later, the cells were further washed by 500 pL of 20 %
glacial acetic acid and maintained at 37°C for 24 h to wait for dissolve
the biofilm cells. Finally, the stained cells were measured by 450 nm O.D
values by microtitre reader. Absences of A. marina extract with medium
containing pathogens were served as a control. Finally, the inhibition of
biofilm formation was interpreted based on the control and treated
values using bellowed formula,

Inhibition of biofilm = 100 (O.Dyeated vatue — ODcontrol vaiwe) X 100.

2.10. Exopolysaccharide degradation in biofilm forming bacteria using
A. marine extract

In biofilm production, the exopolysaccharide is the important viru-
lence factor, which is used to detect the effective of biofilm formation.
This experiment was conducted based on the previous report of Rajiv-
gandhi et al. (2020). Some modified procedure of biofilm inhibition
concentration treated selected pathogens were taken into centrifuged
tube and centrifuged the samples at 7,500 rpm for 25 min at 4 °C. After
the pellets were received and resuspended in sterile saline solution.
Subsequently, the enzymatic treatment of 50 puL of pronase E (Sigma
Aldrich, India) was added and vortexes the samples at 37 °C for 60 min.
Following, 100 pL of 10 % trichloroacetic acid was added into the
samples to precipitate the protein in an ice bath for 45 min time interval.
Then, the samples were centrifuged at 7,500 rpm for 25 min at 4 °C and
followed by added 10 mL of cold absolute alcohol drop wise on the side
wall of the tubes. Then, monitored the samples to precipitate the poly-
saccharide quantities and maintained at —20 °C for 24 h. Next, the
samples were centrifuged at 7, 500 rpm for 25 min to collect the poly-
saccharide and mixed in 1 mL of DD H50. Then, 5 mL H,SO4 was used to
digest the samples containing monosaccharides and then add 1 mL of 5
% phenol, the process were allowed to maintain in the 90 °C water bath
25 mi. Finally, the samples were cooled on ice and result of the exopo-
lysaccharide degradation from biofilm cells were calculated using 460
nm O.D value by spectrophotometer (Shimadzu, Japan). Here, glucose
was performed as a standard and water as blank. The degradation of
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exopolysaccharide in the treated samples result was interpreted with
untreated control and percentages of inhibition was confirmed by bel-
lowed formula

Inhibition % of exopolysaccharide = 100(Ca/Cb) x 100.
3. Result and discussion
3.1. Measurement of available anti-oxidant properties of a. Marina

Based on the NIST Wiley library of Bharathidasan University, Tir-
uchirappalli, tamil Nadu, India, totally 20 different peaks were clearly
observed after analysis with LC-MS (Fig. 1). All these peaks were orig-
inally derived from A. marine and confirmed by previous reports of
Ebrahem et al. (2020); Ananthavalli and Karpagam (2017); Jairaman
et al. (2019), Tian et al. (2020); Vasanthakumar et al. (2019). Consec-
utively, all those peaks were interpreted based on the retention time,
occupied are and occupied percentages and also cross checked by pre-
viously published articles. In addition, the observed result was exhibited
the chemical derivatives of terpenoids, phenols, bioactive metabolites,
organic compounds, alkaloids, hydrocarbons, flavonoids. In result,
pinene, rubiadin, copaene, di-tert-butyl-2-hydroxybenzylidene-amino-2-
indanol, Phenol, 2,4-bis(1,1-dimethylethyl), pyrollo derivatives, thu-
jene, scopoletin, phthalate, 3-hydroxy-4-phenyl, di-tert-butyl-2-hydrox-
ybenzylidene-amino-2-indanol, octadecenamide and adecenoic acid.
These phytochemical derivatives, essential oils and bioactive com-
pounds were clearly shown in the result. Also, the exhibited phyto
chemical derivatives and compounds were reported previously in their
A. marina study Moradi et al., 2020; Kathiresan et al., 2018. In addition,
the excellent anti-bacterial properties of the A. marina secondary me-
tabolites were also evidenced by Natwar et al. (2022). The differential
environmental nature of marine mangrove environmental conditions
such as pH, carbon, nitrogen, stress, NaCl and other sources were very
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important against pathogenic microbes (Babaei-Bondarti and Shahpiri,
2020). The statement was agreed by Ton et al., (2022) and previously,
A. marina extract has excellent biological properties and standardized by
LC-MS analysis for chemical derivatives identification. Recently, Kar-
pagavinayagam and Vedhi (2019), also strongly suggested that the LC-
MS based analysis of plant phyto compounds are used to future drug
design and delivery against various infectious pathogenic microbes.
Altogether, this A. marina mediated compound identification study was
clearly stated that the extract has more phyto compounds and it was
used to analyze the anti-pathogenic study against multi drug resistant
bacteria.

3.2. Total anti-oxidant and DPPH scavenging properties of a. Marina

The significant anti-oxidant and DPPH scavenging activities of the
marine mangrove plant A. marina extract was effectively screened by the
respective invitro experiments. Previously, Hassan et al. (2022) reported
that the marine mangrove plant of A. marina has considerable anti-
oxidant and DPPH scavenging activities. Similarly, Arulkumar et al.
(2020) agreed the present result, where the extracted A. marina has
excellent anti-oxidant and DPPH scavenging activities. In the current
study, the total anti-oxidant activities present in the A. marina extract
was very high antioxidant activities 79 % and 88 % after interpreted
with standard control of ascorbic acid. Among the tested concentration,
the result was shown excellent antioxidant activity at 500 pg/mL con-
centration (Fig. 2a). This concentration was very effective compared
with recent reports of terrestrial plant extract Audah et al. (2022);
Keerthi et al. (2022). Further, the antioxidant rich A. marina extract was
indicated the excellent DPPH scavenging activity and it was confirmed
by standard control result of ascorbic acid (Fig. 2b). When, the con-
centration of 500 pg/mL concentration, the DPPH scavenging activity in
A. marina result was indicated that the A. marina is the excellent
reservoir to produce anti-oxidant activities. As per obtained result, the
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Fig. 1. Identification of available phytochemical compounds from crude extract of Avicennia marina by LC-MS spectrum.
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Fig. 2. Anti-oxidant (a) and DPPH scavenging (b) properties of crude extract of Avicennia marina by various invitro assays.

total anti-oxidant producing effect of A. marina was 88 % and 78 % for
DPPH scavenging activities, whereas, the 79 % and 70 % of the standard
control of ascorbic acid were also shown for both the antioxidant and
DPPH scavenging activities respectively. Both the result was indicated
that the total anti-oxidant activity and DPPH scavenging activity results
were interlinked within the result of A. marina extract. In addition, there
were no vast differences between the concentrations against both the
experiments results. Recently, carbon and nitrogen content rich
mangrove A. marina produced excellent antioxidant activity and DPPH
scavenging activities (Eswaraiah et al., 2020). As per previous results,
the anti-oxidant rich plant extract has excellent biomedical properties
against multi drug resistant pathogens and cancer cells. Subsequently,

the current result study of A. marina extract research may influence the
biological properties against various infections after perform the invitro
anti-infectious experiments.

3.3. Anti-bacterial activity study of A. marina

Based on the well diffusion, the result was clearly indicated that the
A. marina extract has improved antibacterial activity against tested
pathogens. When it performed against gram negative bacteria of
K. pneumoniae, and P. aeruginosa, it was exhibited 22 and 26 mm zones
were shown respectively at 250 pg/ml concentration (Fig. 3a, b). As
same as against gram positive bacteria of S. aureus and Enterococcus sp.
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Fig. 3. Anti-bacterial activity of Avicennia marina extract against K. pneumoniae (a), P. aeruginosa (b), S. aureus (c) and Enterococci sp. (d) and different concentration

(e) by using agar well diffusion.
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were shown 18 and 24 mm zones were observed respectively at 250 ug/
ml concentrations (Fig. 3c, d). Subsequently, the minimum bactericidal
result of minimum bactericidal concentration results were also
confirmed from aliquot samples of A. marina extract in the muller hinton
agar plates. As same as 250 pg/ml concentrations was shown no any
bactericidal growth until 24 h were also observed for all the gram pos-
itive and gram negative bacteria. As per minimum inhibition concen-
tration and minimum bactericidal concentration results were clearly
suggested that the mangrove plant A. marina is excellent anti-bacterial
agent against multi drug resistant bacteria. Also, the result evidences
were conveyed to society, A. marina was excellent reservoir for anti-
bacterial compounds against various gram positive and gram negative
bacteria. The 250 pg/mL concentration is important concentration for
plant mediated extract inhibit against pathogenic microbes. The various
concentrations of A. marina extract against tested pathogens of gram
positive and gram negative bacteria results were effectively drawn in
Fig. 3e. Compared with earlier reports of marine mangrove A. marina
and also other mangrove plants, this concentration and also inhibition
zones were very usual. Researchers can be used frequently A. marina
extract in future for drug discovery and also eradicate the multi-drug
resistant effect in bacteria. May be, the nutritional and environmental
factors such as carbon, nitrogen, phosphorous, NaCl, stress tolerance,
temperature, growth hormones and pH may influence the extract nature
and helped to improve the bioactivities against tested pathogenic mi-
crobes (Saenger and West, 2018). All the resulted evidences and previ-
ous reports were clearly supported to the A. marina extract and also it
was most important plant in future drug discovery.
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3.4. Confirmation of anti-bacterial property by minimum inhibition
concentration assay

The well diffusion evidences of anti-bacterial activity was further
cross checked and confirmed by minimum inhibition concentration
assay using A. marina extract. Also their extract has excellent bio-
activities against tested gram negative and gram positive bacteria at 500
pg/mL also cross checked. In result, after 24 h, more turbidity was seen
in naked eye of 96-well plate and it started from 50 pg/mL concentra-
tion. After 12 h, the confluent layer formation was shown also clearly
shown in 500 ug/mL concentrations. Both the results were conveyed
important information, that the extract was inhibiting the bacteria at
increasing concentration. In increasing concentration, the bacterial
growth was decreased and death rate was very high in calculation. After
made O.D values in spectrophotometer, the 78 %, 89 %, 81 % and 90 %
of inhibition was observed at 500 pug/mL concentration against gram
negative K. pneumoniae and P. aeruginosa (Fig. 4a) and gram positive
S. aureus and Enterococcus sp. respectively. These results were suggested
that the A. marina extract has anti-bacterial property in their nature and
also has improved anti-bacterial activities. Subsequently, the minimum
bactericidal concentration result of absence of microbial growth in the
aliquot minimum inhibition concentration culture inoculated plates
were drawn in 4b, c, d, e. Previously, other researchers reported that the
A. marina damaged the bacterial structure at very high concentration
only. So, minimum inhibition concentration result was agreed the anti-
bacterial activity of well diffusion method, and it has excellent anti-
bacterial property extract. The inhibition percentages were also very
excellent, it may influence by unpredicted environmental parameters
and stressed growth hormones emergence (Kathiresan et al., 2018). The
phytochemical compounds may influenced by mangrove environmental
factors and also plant growth and growth hormones are influenced by
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Fig. 4. Minimum inhibition concentration (a) and minimum bactericidal concentration of Avicennia marina extract against K. pneumoniae (b), P. aeruginosa (c),

S. aureus (d) and Enterococci sp. (e).
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environmental parameters are very important in drug discovery nature
(Shah et al., 2021).

3.5. Minimum biofilm inhibition concentration

Inhibition of biofilm formation in the liquid culture format using 24-
well plate in the presence of A. marina extract is the important experi-
ment. In this current study of biofilm inhibition procedure, the modern
crystal violet stain was used to detect the damaged growth of the bac-
terial cells using microtire plate analysis. In 24-well plate treatment, the
entire architecture formed biofilm culture was destructed and sparse in
and around the wells, and this is the prime factor to detect the initial
detection of biofilm inhibition. After carful interpretation, the
increasing concentration of the A. marina extract has been decrease the
growth, and no growth cells were seen at 500 pg/mL concentration. At
this concentration, the confluent layers were degraded in the surface of
the liquid culture of 24-well plate. Instead, the control cell of mat
structure on the surface of the liquid culture was indicated that the
biofilm was formed. So, the interpretations of control and treatment
evidences were indicated that the A. marina was disrupted the biofilm
formation in K. pneumoniae, A. baumannii, S. aureus and Enterococci sp.
Subsequently, the quantitative biofilm eradications at concentration
dependent inhibition were shown at 500 pug/mL concentration. Also, the
inhibition percentages of 92 %, 88 % 84 % and 90 % were effectively
shown at 500 pg/mL concentrations. Also, the inhibition percentages of
52 %, 50 %, 54 % and 52 % was identified at the concentration of 300
ug/mL concentration (Fig. 5). Among the results, the biofilm inhibitions
of this result were confirmed that the A. marina extract were indicated
on the concentration dependent manner. Importantly, the bacterial
pathogenicity was lost instead of antigenicity in this experiment, and it
may confirm by without seeing absence of the mat formation when
compared with mat formed control. Recently, Suvik et al. (2020)
documented that the mat was indicated that the exopolysaccharide layer
in and around the biofilm cells, it is the physical barrier to foreign
particles including drugs and antibiotics. So, our A. marina was entered
into the intracellular regions and disrupted the bacterial cellular layers.
Finally, the current result was proved that the A. marina was effective
anti-biofilm against multi drug resistant bacteria. Similar result was
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Fig. 5. Minimum biofilm inhibition concentration of Avicennia marina extracts
against multi drug resistant bacteria by 24-well polystyrene method.
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reported by recent researcher of Hassan et al. (2022), the biofilm
inhibited A. marina is an effective drug candidate. Recently, - Eswaraiah
et al. (2020) was agreed the statement of previous report and confirmed
that the mangrove plant of A. marina is an excellent anti-biofilm plant.

3.6. Exopolysaccharide degradation in biofilm forming bacteria using
A. marine extract

Exopolysaccharide is one of the important virulence factor in biofilm
formation due to effective physical barrier. In addition, it is related to
growing cells of the biofilm through supply of nutrients, stimulation of
signaling molecules, production of budding and stimulation of cell cycle.
In the current result, the complete exopolysaccharide based biofilm in-
hibition in A. marina treated 24-well was clearly shown at the concen-
tration of 500 pg/mL concentration. When could see by visibly, the
biofilm layer on the upper surface of the liquid culture in the 24-well
plate was clearly shown in untreated control cells. Instead, the
A. marina extract treated wells were shown clean and turbidity of the
layers was shown, and also it was indicated, the biofilm cells were ab-
sent due to the influence of A. marina extract treatment. At the con-
centration of 500 pg/mL, the turbidity level was significantly decreased
compared with previous concentration. As per the microtitre plate based
lowest turbidity results were indicated 89 %, 94 %, 90 % and 86 % of
biofilm inhibition was observed (Fig. 6). In addition, the inhibition re-
sults were conveyed, the exopolysaccharide was decreased and the
virulence factors were completely arrested. As per similar statement of
Janmanchi et al. (2017), the exopolysaccharide damage is the important
factor for inhibition of biofilm formation in bacteria. Similar result was
shown in the A. marina extract mediated nanoparticles when compared
with other plant was shown effectively (Tian et al., 2020). Recently, Jha
(2021); Parthiban et al. (2022), reported that the marine mangrove
plant A. marina is the excellent anti-microbial and anti-biofilm inhibitor
than any other plant.

4. Conclusion

Mangrove environment is an exceptional store factory of new
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Fig. 6. Exopolysaccharide degradation of Avicennia marina extracts against
multi drug resistant bacteria by microtitre plate method.
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secondary metabolites products, with structural and chemical charac-
teristic generally not available in terrestrial bioactive metabolites. In
addition, the unfavorable environmental nature and inter tidal changes
were influenced microbes, plants and organisms to produce excellent
bioactive metabolites. Based on the advantages, the current study was
focused on the anti-oxidant and anti-biofilm rich mangrove plant
A. marina was chosen to fight against multi drug resistant bacteria.
Subsequently, the result of A. marina has excellent antioxidant and
DPPH scavenging activities and confirmed by invitro assay. In addition,
the available phyto compound derivatives, secondary metabolites and
stress responded nutrients were shown excellent anti-biofilm effect. The
well diffusion and minimum biofilm inhibition assay result was also
suggested that the A. marina extract has excellent bio sources reservoir
and it can be suitable alternative drug candidate plant for future drug
discovery.
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