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Abstract

The growing interest in plant-based medicines, considered safer and more reliable ("green medicine"), is
steering a paradigm shift in combatting infections, especially in aquaculture. Medicinal plants,
acknowledged for their antibacterial properties, present a compelling alternative to synthetic
antimicrobials, potentially alleviating their detrimental effects. Aquatic plants, especially seaweeds, are
emerging as robust reservoirs of bioactive compounds, sparking interest in allelopathic research.
Seaweeds, teeming with diverse bioactive compounds, hold immense promise for the development of
functional ingredients and therapeutic drugs. Their sophisticated chemical defense mechanisms, honed to
combat microbial threats, augur well in the battle against human and fish bacterial pathogens, as well as
various diseases. This study meticulously focuses on appraising the antibacterial potential of unique
extracts derived from the submerged aquatic plant Ceratophyllum demersum (Coontail) against clinical
isolates of fish bacterial pathogens. The research endeavors to offer invaluable insights into leveraging
aquatic plants as a natural remedy to combat bacterial diseases in fish, emphasizing the promotion of
sustainable practices within the aquaculture industry.
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Introduction

India ranks second globally in total fish production, boasting an annual fisheries yield of
approximately 9.06 million metric tonnes. Within the European Union, farm animals
consumed a significant 4,700 tonnes of antibiotics, constituting 35 percent of the total, while
human consumption accounted for 8,500 tonnes, making up 65 percent. Among the antibiotics
administered to animals, 3,900 tonnes (29 percent of the total) were used to aid ailing animals
in their recovery, while 786 tonnes (6 percent of the total) were provided to farm animals to
enhance growth. Notably, a survey estimated a 50 percent reduction in the use of antibiotics as
growth promoters since 1997, when animals consumed approximately 1,600 tonnes as feed
additives (FEDESA). In the domain of fish farming, encompassing aquaculture and
mariculture, the widespread use of antibiotics to combat bacterial diseases has been linked to
the emergence of antibiotic resistance in various aquatic pathogens, including Aeromonas
salmonicida, A. hydrophila, Edwardsiella icttaluri, E. tarda, Vibrio salmonicida, V.
anguillarum, and Yersinia ruckeri and Pasteurella piscicida . Immediate and rigorous
controlled studies are imperative to comprehensively evaluate the repercussions of
antimicrobial therapy on the microorganism ecosystem within aquaculture ponds. The
enthusiasm for plant-derived medications is growing, primarily due to the prevailing belief that
"green medicine" is not only safer but also more reliable compared to synthetic drugs, many of
which carry adverse side effects. The continual use of antimicrobial agents in aquaculture has
led to the development of more resilient bacterial strains in aquatic environments. Prolonged
reliance on synthetic antibiotics poses a looming threat to consumers and non-target organisms
in the environment 2, The treatment of bacterial ailments with diverse herbs has been safely
employed in organic agriculture, veterinary medicine, and human healthcare F1. Since ancient
times, medicinal plants have played a pivotal role in treating common infectious diseases ™,
and utilizing plants with antibacterial properties shows great promise as an alternative
approach in aquaculture . Medicinal plants offer effective means to combat infectious
diseases while mitigating many of the adverse effects of synthetic antimicrobials ©I.
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Aeromonas hydrophila, the prevalent bacterial pathogen in
freshwater fish, is known to be responsible for various
pathological ~ conditions, comprising tail/fin-rot and
hemorrhagic septicemia, particularly in freshwater and
ornamental fish [, Seaweeds inhabiting the depths of the
ocean face a continuous threat from potentially dangerous co-
existing microbes. To counter this, they have developed
sophisticated chemical defense mechanisms by producing a
diverse range of secondary metabolites [*!l. These compounds,
including fatty acids, alkaloids, glycosides, flavonoids,
saponins, tannins, and steroids found in seaweeds, have
exhibited notable effectiveness against various bacterial
pathogens affecting humans and fish ['2 31 plant leaf spot
diseases [*l, and marine pathogenic microorganisms [51,

In India, a diverse range of medicinal plants has been
traditionally harnessed to address a myriad of ailments. The
exploration of bioactive substances within seaweeds presents
a promising avenue for the development of novel therapeutic
drugs. Extensive global research has focused on marine algae,
resulting in the isolation of life-saving drugs and biologically
active compounds & 171, Reports highlight that more than
15,000 marine natural products were successfully isolated
between 1965 and 2005 18, In this study, a variety of organic
solvents have been employed to extract potential active
compounds from aquatic plants. The primary objective is to
uncover the antimicrobial activity exhibited by these selected
aquatic plant extracts against bacteria and fungi. However,
there remains a dearth of knowledge concerning the
antimicrobial potential of hydrophytes from Kashmir,
particularly as a natural remedy for fish bacterial pathogens.
Thus, this investigation aims to evaluate the antibacterial
potential of ethanol, acetone, methanol, petroleum ether, and
water extracts obtained from the submersed aquatic plant
Ceratophyllum demersum (Coontail), a member of the
Ceratophyllaceae family. This research intends to shed light
on the effectiveness of these extracts against specific clinical
isolates of fish bacterial pathogens, paving the way for
potential applications in aquaculture and related fields.

Materials and Methods

Plant material collection and identification

The aquatic plant species, Ceratophyllum demersum was
collected from Dal Lake in Kashmir, India. An implicated
specimen were retained in the form of herbarium of the
division of Agquatic Environment Management (AEM)
SKUAST-Kashmir, Faculty of Fisheries.

Preparation of extracts

A total of approximately 1044 grams of Ceratophyllum
demersum was collected as a whole plant sample and
underwent shade drying at a controlled temperature of 30+2
°C. After drying, the plant material was meticulously ground
into a coarse powder using a grinder. Subsequently, five
distinct extracts were prepared from Ceratophyllum
demersum using different solvents, namely ethanol, petroleum
ether, acetone, methanol, and water.

Petroleum ether extract

To prepare petroleum ether extracts, 50 grams of
Ceratophyllum demersum powder were carefully placed into a
thimble and subjected to extraction in a Soxhlet apparatus
using 250 ml of petroleum ether. The temperature was
precisely maintained within the range of 50-60 °C throughout
the process. The contents within the thimble were allowed to
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boil for approximately 4 hours until the solution clarified,
yielding a dark-colored extract that accumulated at the bottom
of the apparatus. Subsequently, this extract was collected in
petri dishes and left to air-dry for 24 hours, resulting in a
dried extract with a sticky texture. The dried extract was then
carefully transferred and stored in 25 ml McCartney bottles at
4 °C in the refrigerator for future use. This entire extraction
procedure was continual three times to ensure an ample
collection of extracts for the intended study.

Acetonic extract

To prepare acetonic extracts, 50 grams of Ceratophyllum
demersum powder were meticulously packed into a thimble
and underwent extraction in a Soxhlet apparatus using 250 ml
of acetone. The temperature was carefully maintained within
the range of 45-55 °C throughout the extraction process. The
samples in the thimble of the Soxhlet apparatus were gently
boiled for approximately 4 hours until the solution clarified,
yielding a dark-colored extract that collected at the bottom of
the apparatus. Subsequently, this extract was gathered in petri
dishes and left to air-dry for 24 hours. The resulting dried
extract, displaying a sticky texture, was then carefully
transferred and stored in 25 ml McCartney bottles at 4 °C in
the refrigerator for future use. The entire process was carried
out three times to acquire a large number of extracts for the
study.

Ethanoic extract

To prepare ethanoic extracts, 50 grams of Ceratophyllum
demersum powder were carefully placed into a thimble and
subjected to extraction in a Soxhlet apparatus using 250 ml of
ethanol. The temperature was precisely maintained within the
range of 60-80 °C. The samples in the Soxhlet apparatus
thimble were gently boiled for nearly 4 hours until the
solution turned clear, resulting in a dark-colored extract that
accumulated at the bottom of the apparatus. Consequently,
this extract was carefully collected in petri dishes and allowed
to air-dry for 24 hours. The resulting dried extract, displaying
a sticky texture, was then delicately transferred and stored in
25 ml McCartney bottles at 4 °C in the refrigerator for future
use.

Methanolic extract

The preparation of methanolic extracts mirrored the process
for ethanolic extracts, with the only variation being the use of
methanol as the extraction solvent. 50 grams of powdered
sample were packed into the Soxhlet apparatus with 250 ml of
methanol. As the methanol boiled, the resulting extract was
gradually collected at the bottom of the flask, maintaining a
temperature range of 60-80 °C. Following overnight drying in
petri dishes, the extracts were carefully gathered with a
spatula and stored in McCartney bottles.

Aqueous extract

A quantity of 40 grams of Ceratophyllum demersum powder
was accurately measured and combined with 280 ml of
distilled water. The mixture was left undisturbed in a sterile
environment for a period of 2 days. Subsequently, the liquid
extract was filtered through Whatman Filter paper,
specifically no. 40. The resulting filtrate was carefully placed
in a water bath maintained at a temperature range of 80-90 °C
until the extract underwent complete drying. Following this,
the dried extracts were meticulously stored in McCartney
bottles at a temperature of 4 °C.
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Storage of extracts

The collection of extracts took place in 25 ml McCartney
bottles, with each bottle being filled with the extracts. These
extracts were dried until they exhibited a sticky, glutinous
appearance. Various quantities of extracts were amassed.
Once the extraction was completed and the extracts were
gathered using a spatula, the McCartney bottles were securely
stoppered and stored in the refrigerator at 4 °C.

Stock solution preparation for phytochemical assays

For conducting phytochemical assays, the extracts were
dissolved to create a stock solution of 5 pg/L. This involved
combining 0.5 grams of crude extract with 100 ml of solvent,
resulting in a consistent method of preparing all five stock
solutions.

Biochemical Assays

An initial screening of all five extracts was conducted using
biochemical tests to identify various phytochemicals present
in Ceratophyllum demersum. The crude extracts were
examined for either the inclusion or absence of secondary
metabolites such as alkaloids, phenolic compounds, steroidal
compounds, saponins, tannins, flavonoids, and cardiac
glycosides. To confirm the either the inclusion or absence of
secondary metabolites in the plant extract, specific
biochemical tests were performed. The detection of

phytochemicals followed the methods outlined by Harborne
(191,

Test for steroids

In a procedure, 0.5 ml of the solvent extract was combined
with 2 ml of acetic acid, followed by the addition of 2 ml of
H,SO4. The emergence of a blue or green color was
considered indicative of the presence of steroidal compounds.

Test for tannins

For this step, 5 ml of the solvent extract was mixed with two
drops of 5% FeCls. The appearance of a greenish precipitate
served as confirmation for the presence of tannins.

Test for terpenoids

In this step, 5 mL of the solvent extract was mixed with 2 mL
of chloroform, followed by 3 mL of concentrated sulfuric acid
(H2S04). The occurrence of reddish-brown colouring near the
contact was interpreted as confirmation of the existence of
terpenoids.

Test for flavonoids
A few drops of a solution containing lead acetate were
incorporated into 2 ml of solvent extract. The presence of
flavonoids was confirmed by the production of a yellow-
colored precipitate.

Test for alkaloids

A small amount of picric acid solution was introduced into 2
ml of the solvent extract. The emergence of an orange color
was taken as an indication of the presence of alkaloids.

Test for saponins

1 mL of solvent extract was placed in a tube with 1 mL of
distilled water. After that, the liquid was strongly agitated for
2 to 3 minutes. The presence of saponins was confirmed by
the production of froth.
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Test for anthraquinones

2 mL of the solvent extract were added to 10 mL of benzene,
followed by 0.5 mL of ammonia solution. The combination
was cautiously shaken, and the existence of anthraquinones
was confirmed by the emergence of a violet colour.

Test for phenols

2 mL of the solvent extract and 2 mL of ferric chloride
solution were combined. The existence of phenols was
confirmed by the production of a deep bluish-green solution.

Test for cardiac glycosides

2 ml of the solvent extract was combined with 2 ml of glacial
acetic acid containing 1 drop of ferric chloride. Subsequently,
2 ml of concentrated sulfuric acid (H.SO.) was added. The
formation of a brownish ring at the interface was taken as a
symptom of the presence of cardiac glycosides.

Test for cardenolides

1 ml of the solvent extract was combined with 2 ml of
benzene. The formation of a turbid brown color was
considered confirmation of the presence of cardenolides.

Test for phlobtannins

A few drops of 1% hydrochloric acid (HCL) were
incorporated to 1 ml of the solvent extract, which was then
brought to a boil. The emergence of a crimson precipitate
indicated the existence of phlobtannins.

Test for volatile oils

For this procedure, 2 ml of the solvent extract had 0.1 ml of
sodium hydroxide added first, followed by a small amount of
diluted hydrochloric acid. The mixture was shaken
thoroughly. The formation of a white precipitate was regarded
as an indication of the presence of volatile oils.

Antibacterial activity test

The procedure of well diffusion was used to assess the
sample's antibacterial characteristics. A positive and a
negative control were included to allow for a comparison of
the outcomes.

Test organisms

The bacterial strains used in the experiment were from the
Institute of Microbial Technology's (IMTECH) Microbial
Type Culture Collection in Chandigarh, India.

The bacterial strains that were procured form IMTECH are
listed below;

Bacillus subtilis

Escherichia coli

Staphylococcus aureus

Pseudomonas aeruginosa

Aeromonas hydrophilla

agrwbdE

Preparation of extract solution for antibacterial activity
test

All five types of the dried Ceratophyllum demersum extracts
collected were dissolved in 10% DMSO, vyielding
antibacterial activity test, five different concentrations of
extract solutions were used. Specifically, 4 grams of extract
were dissolved in 50 ml of 10% DMSO to prepare a solution
with a concentration of 100 pg/pl. Subsequently, this solution
was diluted to create concentrations of 80 pg/ul, 50 pg/ul, 30
pg/pl, and 10 pg/pl. For all inoculation during the test, a fresh
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stock solution of the extract was precisely prepared.

Media preparation
The composition of the nutrient agar is outlined in Table 1.
For conducting the antibacterial activity test, Muller Hinton
Agar (MHA) was utilized, and its composition can be referred
to in Table 2. Fresh cultures were prepared using Nutrient
Agar (NA) medium.

Table 1: Agar's nutritional composition

Ingredients Amount
Peptone 0.5%
Beef extract/Yeast extract 0.3%
Agar 1.5%
NaCl 0.5%
Distilled Water 20 ml
Final pH 7.4+0.2

Table 2: Muller Hinton Agar composition

Ingredients Amount
Beef infusion form 30%
Caesin hydrolysate 1.75%

Starch 0.15%
Agar 1.7%
pH Neutral

Fresh Nutrient Agar Preparation

To prepare an adequate volume of this medium, a precise
amount of each constituent was determined and placed in a
conical flask. To attain the appropriate volume, distilled water
was incorporated. The combination was subsequently heated
on a Bunsen burner as long as the solution in the flask turned
clear. After achieving clarity, the medium was autoclaved for
1.5 hours to ensure sterilization and removal of all impurities.
Following autoclaving, the media was promptly poured into
plates to prevent solidification. Sterilized plates, capable of
holding 20 ml of media, were appropriately labeled before
pouring the media. Once poured, the plates were allowed to
solidify within the laminar air flow followed by preserved in
the refrigerator for future use.

Stock culture preparation

In the antibacterial assay, five bacterial strains were utilized.
Two of them were Gram-positive bacteria, namely
Staphylococcus aureus (MTCC-2940) and Bacillus subtilis
(MTCC-441). Additionally, three Gram-negative bacteria
were employed: Escherichia coli (MTCC-739), Pseudomonas
aeruginosa (MTCC-424), and Aeromonas hydrophilla
(ATCC-7966). These bacterial strains were sourced from the
Microbial Type Culture Collection at the Institute of
Microbial Technology (IMTECH) in Chandigarh, India. To
maintain the bacterial strains, sub-culturing was performed on
Muller Hinton Agar (Himedia) each fifteen days, and the
cultures were stored at 4 °C. Positive controls for the
antibacterial assay were gentamycin discs acquired from EOS
Laboratories, India. Furthermore, 10% Dimethylsulfoxide
(DMSO) was employed as the negative control.

Under aseptic conditions, organisms were sub-cultured on
freshly prepared Nutrient Agar (NA) plates using a sterile
loop, starting from pure cultures. The pure cultures, sourced
from the departmental stock's refrigerator, were thawed in the
incubator for 30 minutes. Utilizing a metal loop under a
laminar air flow, the organisms were streaked onto the newly
prepared nutrient agar plates. These inoculated plates were
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appropriately labelled and incubated at 37 °C for 24 hours to
facilitate optimal growth. The resulting fresh cultures were
subsequently employed for the antibacterial tests (Figure 1).

Fig 1: Fresh cultures for antibacterial tests

Test plates preparation

In order to conduct the biochemical tests, MHA was
employed. A total of 2.1 grams of Muller Hinton agar was
introduced into 100 ml of distilled water. This mixture was
carefully stirred with a sterile spatula, heated to ensure
complete dissolution of the medium, and then subjected to
autoclaving for 1.5 hours for sterilization. Then, 20 ml of the
prepared medium was poured into sterile plates that were
appropriately labelled and left to solidify.

Inoculation of test organism:

To generate cell suspension, the test organisms were
transferred via a loop into test tubes containing 5 ml of 0.9%
saline. The organisms were then vortexed in a vortex machine
to ensure proper mixing in the normal saline solution. 0.5 Mc
farland (turbity standard) equivalent to 108 cfu/ml of
inoculum was prepared manually by adding 0.5 ml of 0.048
M BaCl;.2H,0 to 99.5 ml of 1% H,SO. with continuous
stirring to retain a suspension whose density was confirmed
by checking absorbance spectrophotometric ally at 625 nm.
The absorbance was found in between 0.08 to 0.13. The
turbidity of the standard was then compared with that of
bacterial inoculums. If the bacterial inoculums appeared more
turbid than the 0.5 Mc Farland, more broth was added to it.
The bacteria from the cell suspension were promptly injected
in the freshly produced MHA medium using a cotton swab.
To ensure a regular distribution of organisms in the media, the
microbial lawn was constructed by rotating them 90° each
time.

Using a loop, the test organisms were placed into test tubes
containing 5 ml of 0.9% saline, resulting in a cell suspension.
After that, the tubes were vortexed in a vortex machine to
verify that the organisms were properly mixed through the
normal saline solution. A 0.5 McFarland turbidity standard,
equivalent to 108 cfu/ml of inoculum, was manually prepared
by adding 0.5 ml of 0.048 M BaCl,.2H,0 to 99.5 ml of 1%
H,S04, with constant stirring to maintain a suspension whose
density =~ was  verified by  assessing  absorbance
spectrophotometric ally at 625 nm. The absorbance fell within
the range of 0.08 to 0.13. The turbidity of the standard was
then compared with that of bacterial inoculums. If the
bacterial inoculums appeared more turbid than the 0.5
McFarland standard, additional broth was added to achieve
the desired turbidity. Bacteria from the cell suspension were
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promptly injected into the freshly produced MHA medium
using a cotton swab. The microbial lawn was generated by
rotating the swab 90° each time, resulting in a homogeneous
distribution of organisms throughout the medium.

Placing the extracts and controls in the plate

The plates containing the inoculated samples were
appropriately labeled. Using a cork borer, wells were made in
the agar. Each well received 100 pl of a stock extract, which

https://www.thepharmajournal.com

had been previously prepared at concentrations of 100 pg/ml,
80 pg/ml, 50 pg/ml, 30 pg/ml, and 10 pg/ml using freshly
prepared 10% dimethyl sulfoxide (DMSO). A positive control
was established using the antibiotic Gentamycin against all
bacteria, while a negative control utilized 10% freshly
prepared dimethyl sulfoxide in one of the wells (Figure 2).
The plates were then labelled and incubated at 37 °C for 24
hours.

Fig 2: Positive (Gentamycin) and negative (DMSO) controls for comparison of AST results

Measuring Zones

After 24 hours of incubation for the test plates, the transparent
zones were gauged using a ruler. The measurement involved
determining the complete diameter of the clear zone, and
these measurements were duly documented. The minimum
inhibitory concentration was examined as the lowest
concentration of the extract (between 10-100 mg/ml) that
effectively inhibited the growth of the test microorganisms.

Results

Phytochemical analysis

Phytochemical analysis of hydrophytes revealed the presence
of a variety of secondary metabolites. Both the aqueous and
methanolic extracts included cardiac glycosides, steroids,
phenols, flavonoids, and tannins. Table 3 shows that
glycosides,  anthraquinones,  cardenolides, terpenoids,
phlobtannins, steroids, and volatile oils were not identified in
the extract.

Table 3: Initial phytochemical assessment of extracts from Ceratophyllum demersum using petroleum ether, acetone, ethanol, methanol, and

water.

S. No.| Phytochemicals Petroleum Ether | Acetone | Ethanol | Methanol | Water
1 Alkaloids - - + + _
2 Anthraquinones - - - R -
3 Glycosides - - - - -
4 Cardenolides - - - - -
5 Saponins - - - +
6 Steroids - - - - -
7 Phlobtannins - - - R -
8 Flavonoids - - + + B
9 Terpenoids - - - -
10 Phenols - + + + +
11 Tannins - - - R +
12 Volatile oils - - - R -

Note: + (present) & - (absent)

Antibacterial activity

The methanolic extract of Ceratophyllum demersum exhibited
significant efficacy against all bacterial strains tested,
displaying a zone of inhibition measuring 15 mm against
Pseudomonas aeruginosa, 17 mm against Escherichia coli, 18
mm against Staphylococcus aureus, 18 mm against Bacillus
subtilis, and 14 mm against Aeromonas hydrophilla at a

concentration of 100 mg/ml. Similarly, the acetone extract
demonstrated noteworthy effectiveness, showcasing a zone of
inhibition measuring 15 mm against Escherichia coli at the
same concentration of 100 mg/ml. In contrast, the negative
control (10% DMSO) demonstrated no activity against any of
the bacterial strains under investigation. These findings were
compared to the positive control (Gentamicin), which
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exhibited inhibition zones measuring 25 mm for Bacillus mm for Aeromonas hydrophila (refer to Table 4 and Figure
subtilis and Pseudomonas aeruginosa, 26 mm for 3).
Staphylococcus aureus, 20 mm for Escherichia coli, and 25

Table 4: Zones of inhibition (in millimeter) of aqueous, petroleum ether, acetone, and ethanol, methanolic extract of Ceratophyllum demersum
against bacterial strains

. . Concentration of C. demersum extract (mg/ml) Gentamycin

S. No. | Bacterial strain Solvent 10 30 50 80 100 (10 ng/disc)
Petroleum ether - - - - - 26.20+0.00

Staphylococcus Acetone - - - - - 26.20+0.00

1 aureus Ethanol - - - - - 26.20+0.00
Methanol - - 13.892+0.60 16.31°+0.66 18.47°+0.05 26.209+0.00

Water - - - - - 26.20+0.00

Petroleum ether - - - - - 25.22+0.00

Acetone - - - - - 25.22+0.00

2 Bacillus subtilis Ethanol - - - - - 25.22+0.00
Methanol - | 11.17°+0.36 14.12°+0.46 16.61°+0.72 18.329+0.80 25.22¢+0.00

water - - - - - 25.22+0.00

Petroleum ether - - - - - 20.20+0.00

Acetone - | 13.27%+0.39 14.05°+0.42 16.49°+0.34 17.659+0.21 20.20%+0.00

3 Escherichia coli Ethanol - - - - - 20.20+0.00
Methanol - | 11.212+0.25 12.23°+0.37 15.00°+0.40 16.109+0.55 20.208+0.00

water - - - - - 20.20+0.00

Petroleum ether - - - - - 26.20+0.00

Pseudomonas Acetone - - - - - 26.20+0.00

4 aeruginosa Ethanol - - - - - 26.20+0.00
Methanol - | 11.392+0.81 13.25+0.39 14.62°+0.80 15.02°+0.50 26.209+0.00

water - - - - - 26.20+0.00

Petroleum ether - - - - - 25.02+0.00

Aeromonas Acetone - - - - - 25.02+0.00

5 hydrophilla Ethanol - - - - - 25.02+0.00
Methanol - | 10.332+0.73 11.67°+0.60 12.545+0.60 14.56°+0.47 25.029+0.00

water - - - - - 25.02+0.00

Mean values with distinct superscripts within the same row indicate significant differences (p<0.05).

30
~+=Aeromenous -~ Bacillus »E.coli ~Pseudomonas Stap aureus

25
E 20
£
£ 1
é
T 10
=
(=]
g s
<
~N

0

10 30 50 80 100 Gentamycin

Fig 3: Zones of inhibition (in millimetre) of Ceratophyllum demersum extracts against bacterial strains.

Minimum inhibitory concentration (MIC) (Table 5). Specifically for the methanolic extract, the MIC
The methanolic extract's minimum inhibitory concentration was found to be 30 mg/ml, while it was undetectable for the
was examined to be 50 mg/ml against Staphylococcus aureus remaining tested microorganisms.
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Table 5: Minimum inhibitory concentration (MIC) values for aqueous, petroleum ether, ethanol, acetone, and methanolic extracts of
Ceratophyllum demersum against the confirmed bacterial strains.

S. No. Bacterial strain Solvent MIC (mg/ml)

Petroleum ether ND

Acetone 30

1 Escherichia coli (MTCC-739) Ethanol ND
Methanol 30

Agueous ND

Petroleum ether ND

Acetone ND

2 Staphylococcus aureus (MTCC-2490) Ethanol ND
Methanol 50

Agueous ND

Petroleum ether ND

Acetone ND

3 Pseudomonas aeruginosa (MTCC-2940) Ethanol ND
Methanol 30

Agueous ND

Petroleum ether ND

Acetone ND

4 Bacillus subtilis (MTCC-441) Ethanol ND
Methanol 30

Agueous ND

Petroleum ether ND

Acetone ND

5 Aeromonas hydrophilla (ATCC- 7966) Ethanol ND
Methanol 50

Agueous ND

ND = not found in the measured range (10-100 mg/ml)

Discussion

The rise of drug resistance within aquaculture pathogens,
along with the adverse effects linked to certain antibacterial
and antifungal agents, has raised considerable concerns. This
has spurred an urgent search for new antimicrobial agents 2%,
The increasing resistance of bacteria to antibiotics is a critical
global challenge. This escalation in bacterial resistance has
reignited research into the antimicrobial properties of herbs
against these resistant strains 222, Many plant leaves possess
antimicrobial properties, attributed to compounds like tannins,
essential oils, and various aromatic substances. Moreover,
plant tannins and flavonoids have demonstrated noteworthy
biological activities and antibacterial properties. Plant defence
mechanisms against invading pathogens and numerous
environmental stresses rely heavily on phenolic chemicals 1231,
Furthermore, phenolic compounds and their derivatives,
which include flavonoids, tannins, phenyl proponoids, simple
phenols, lignins, and other substances, contain aromatic rings
and hydroxyl groups, which influence the compound's radical
scavenging capacity 2. The present study focused on the
extraction of hydrophyte Ceratophyllum demersum using five
distinct solvents (petroleum ether, methanol, acetone, ethanol,
and water). Biochemical assays were carried out to confirm
the existence of several phytochemicals, encompassing
alkaloids, phenols, flavonoids, tannins, steroids, saponins, and
cardiac glycosides. The analysis of phytochemicals revealed a
diverse array of secondary metabolites. Both the aqueous and
methanolic extracts demonstrated the presence of cardiac
glycosides, flavonoids, phenols, steroids, and tannins.
However,  terpenoids, anthraquinones,  cardenolides,
glycosides, steroids, phlobtannins, and volatile oils were not
detected in either of the extracts. These findings align with the
results reported by ?1 during their phytochemical screening of
various Punica granatum extracts. The antimicrobial
effectiveness of the plant can be attributed to these phyto-

constituents, which may exert their effects through various
mechanisms, including disrupting the cell membrane,
inhibiting cell wall formation, inactivating microbial adhesins,
suppressing enzymes, or impeding nucleic acid synthesis [261,
Furthermore, research has demonstrated that phytochemical
substances can disrupt the operations of multidrug-resistant
(MDR) microbes by influencing their efflux pumps, resistance
plasmids, beta-lactamase enzymes, and bacterial gene
transposition 71, The methanolic extract exhibited the highest
activity against all bacterial strains tested, displaying a zone
of inhibition measuring 16 mm against Pseudomonas
aeruginosa, 19 mm against Escherichia coli, 16 mm against
Staphylococcus aureus, 16 mm against Bacillus subtilis, and
14 mm against Aeromonas hydrophila at a concentration of
100 mg/ml. Similarly, the acetone extract also demonstrated
significant activity, with zones of inhibition measuring 15 mm
against Escherichia coli at the same concentration of 100
mg/ml. On the other hand, the negative control (10% DMSQ)
demonstrated no activity against any of the bacterial strains
under examination. These findings were compared to those of
the positive control (Gentamicin), which displayed inhibition
zones measuring 25 mm for Bacillus subtilis and
Pseudomonas aeruginosa, 26 mm for Staphylococcus aureus,
and 20 mm for Escherichia coli. Furthermore, the methanolic
extract exhibited significant activity against all tested
bacterial strains, demonstrating inhibition zones measuring 15
mm against Pseudomonas aeruginosa, 17 mm against
Escherichia coli, 18 mm against Staphylococcus aureus, 18
mm against Bacillus subtilis, and 14 mm against Aeromonas
hydrophila at a concentration of 100 mg/ml. The acetone
extract also displayed considerable activity, with zones of
inhibition measuring 15 mm against Escherichia coli at the
same concentration of 200 mg/ml. The negative control (10%
DMSO) had no effect on any of the bacterial strains tested. In
the case of Ceratophyllum demersum, the results were
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compared to the positive control (Gentamycin), which
demonstrated a zone of inhibition analysing 25 mm against
Bacillus subtilis and Pseudomonas aeruginosa, 26 mm
against Staphylococcus aureus, 20 mm against Escherichia
coli, and 25 mm against Aeromonas hydrophilla. Our findings
regarding the antibacterial activity of various plant extracts
are consistent with prior studies, where the methanolic extract
exhibited the highest activity & 20, The choice of solvent
used significantly affects the antimicrobial activity (AA) of an
extract. This variability is likely due to differences in the
solubility of various phytochemicals in distinct solvents,
influenced by their relative polarities and solubilities, as
reported in several studies B 31 While water was
traditionally employed for extraction by traditional healers,
investigation indicates that the extracting solvent plays an
important role when analysing the pharmaceutical properties
of a medicinal plant 34, Concerning microbial susceptibility,
Escherichia coli and Staphylococcus aureus were the most
susceptible bacterial strains. Similar findings were obtained
by 39 in their study on the antibacterial activity of different
solvent extracts of Melia azedarach. The minimum inhibitory
concentration of the methanolic extract against
Staphylococcus aureus in Ceratophyllum demersum plants
was determined to be 50 mg/ml. However, the MIC for the
methanolic extract was detectable only at a concentration of
30 mg/ml, remaining undetected in the rest of the test
microbes.

Conclusion

The rising drug resistance in aquaculture pathogens and the
detrimental effects associated with specific antibacterial and
antifungal drugs emphasize the critical necessity for novel
antimicrobial agents on a worldwide level. Plant leaves, rich
in antimicrobial compounds like tannins and flavonoids, offer
a promising avenue. This study was devoted to extracting
hydrophytic Ceratophyllum demersum using various solvents
and conducting thorough phytochemical analysis. The
methanolic extract demonstrated the highest antibacterial
activity against the strains tested, underscoring the pivotal
role of solvent choice in influencing antimicrobial efficacy.
There is a growing interest in utilizing natural hydrophytic
plant extracts as antimicrobials, particularly to combat the
surge in foodborne diseases and reduce reliance on synthetic
drugs. The findings of this study highlight the potential of
Ceratophyllum demersum as a natural remedy for infectious
diseases in aquaculture, showing promise against a spectrum
of bacteria and aquaculture-related pathogens.
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