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Abstract. Liguez CGO, Tabugo SR. 2023. Antibacterial activity of sea hare (Dolabella auricularia) egg string extracts against
potentially pathogenic bacteria. Biodiversitas 24: 6675-6683. Pharmaceutical industries now recognize the vast variety of ocean
organisms, each possessing distinct biological characteristics. Sea hares, for example, are marine organisms that use bioactive chemicals
to defend against predators, including their eggs. To explore the potential antibacterial properties of sea hare species (Dolabella
auricularia) found in Pujada Bay, Philippines, egg strings were collected and extracted using hexane and methanol solvents. The
antibacterial activity of each fraction was then determined through Minimum Inhibitory Concentration (MIC) testing against four
potentially pathogenic bacteria, two gram-positive strains (Staphylococcus aureus, Bacillus subtilis) and two gram-negative strains
(Escherichia coli, Pseudomonas aeruginosa). The broth microdilution method was employed to assess the antibacterial activity of
Dolabella auricularia egg strings. The results revealed the MIC values for the four bacterial strains. The hexane extracts of both extract
1 and extract 2 exhibited a MIC of 0. 23 and 0.33 mg/mL and a MIC of 0.52 and 0.125 mg/mL against P. aeruginosa, respectively. The
methanolic extracts (1 and 2) displayed a MIC of 1.46 and 2.83 mg/mL against E. coli and an even more potent MIC of 1.33 and 0.79
mg/mL against P. aeruginosa. In the case of B. subtilis, the hexane extracts (1 and 2) had a MIC of 1.5 and 0.54 mg/mL, while the
methanolic extracts (1 and 2) exhibited a MIC of 1.17 mg/mL and 0.83 mg/mL. Lastly, against S. aureus, hexane extracts (1 and 2)
suppressed the growth with a MIC of 0.77 mg/mL and 0.25 mg/mL, respectively, while both methanolic extracts (1 and 2) demonstrated
a MIC of 3.33 mg/mL. These findings showcase the promising antibacterial activity of Dolabella auricularia egg string extracts and

highlight their potential for further investigation and development in the pharmaceutical field.
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INTRODUCTION

Oceans encircle more than 70% of the surface of our
globe. Marine life is more diverse than its terrestrial
counterparts because it is home to 80% of all living forms
(Srilekha et al. 2017). Compounds with unique structures
and biological activity are abundant in the ocean (Petersen
et al. 2020). Over the past three decades, marine creatures
like echinoderms, sea anemones, tunicates, and mollusks
have produced various metabolites with biological activity
and biomedical potential (Mashjoor and Yousefzadi 2017).
Marine species produce chemicals with an ecological
benefit as they struggle for existence in the harsh ocean
environment (Tayone 2017). One of these marine species is
the sea hare.

Sea hares are mollusks without shells that move slowly
and eat a variety of algae and sponges. The marine
molluscs of the genus Aplysia have been the focus of some
of the most extensive studies on the neurological
underpinnings  of  learning,  memory,  behavior,
development, and growth (Lee et al. 2014; Aggio and
Derby 2019). It has been hypothesized that sea hares,
which other marine animals do not consume, have
chemical defensive mechanisms. Sea hares are a source of
marine bioactive chemicals, which have been employed in

the food industry to improve the functional characteristics
of foods or as food additives to increase specific food
properties (stability, emulsification, texture improvement)
(Huang et al. 2021).

Inking is an active chemical defense used as a last line
of defense during an attack. Sea hare ink secretion is a
sticky, purple mixture of gland secretions in the mantle
cavity (Love-Chezem et al. 2013; Tayone 2020). Even
though the identity of the bioactive compounds and the
mechanisms underlying their effects are mostly unknown,
it has been demonstrated that the secretion of ink shields
sea hares from a variety of predators, particularly
invertebrates like crustaceans and sea anemones, spiny
lobsters, and fish (Prince and Johnson 2015). During their
spawning season, sea hares lay yellow eggs in strings of
gelatin (May and June). The egg masses of the wedge sea
hare areknown as "lukot" in Davao Oriental and
neighboring locations. Its twisted structure, which
resembles noodles, and unusual flavor, draws the attention
of seafood enthusiasts. Egg masses are popular in the
Philippines and other parts of the world, such as Samoa,
Kiribati, and the Fiji Islands. The egg masses are gathered
for food in the locations mentioned above, where they are
consumed either raw or partially cooked (Delan et al. 2015;
Pepito et al. 2015). Even though these eggs seem helpless,
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they are not damaged by bacteria or seem to be consumed
by predators. These findings imply that the eggs have other
walls of defense, presumably substances created from
scratch by sea hares. They contain a biologically active
material to serve as a barrier between them and the
environment. Studies show they have a lectin that can
agglutinate marine microorganisms (Cheung et al. 2015;
Filho et al. 2015; Hasan and Ozeki 2019; Swarna et al. 2021).

Pathogenic bacteria such as Staphylococcus aureus,
Bacillus subtilis, Escherichia coli, and Pseudomonas
aeruginosa can cause diseases and spread in several ways.
Pseudomonas aeruginosa, Staphylococcus aureus and
Escherichia coli can cause diseases and infect patients with
cystic fibrosis (CF) lung infection, burns, cancer,
bacteremia, mastitis, abortions, and upper respiratory
infections (Khalid Abbas and Elsharbasy 2019; Magalhdes
et al. 2019; Sukmiwati et al. 2020; Qin et al. 2022).
Bacillus subtilis is a common cause of infections and is
susceptible to several existing medicines (Fang et al. 2014).
Meningitis, neonatal sepsis, pneumonia, and wound
infection by B. subtilis (Lampropoulos et al. 2021; Tokano
et al. 2023). It occurs most frequently in patients with
underlying diseases or immunocompromised (Kato et al.
2022). More research is required to determine whether sea
hare egg strings may be used to treat infectious diseases
brought on by common infections. Hence, this study
assessed the potential of sea hare egg strings in inhibiting
the growth of common potentially pathogenic bacteria.

MATERIALS AND METHODS

Sample collection and preparation
Around 2 kg of egg strings were hand-picked along the
coast of Guang-guang, Pujada Bay, Mati City, Davao

7°28'12"N

6°38'24"N

5°4836"”N

BIODIVERSITAS 24 (12): 6675-6683, December 2023

Oriental, Philippines (Figure 1). Pujada Bay is located in
the southern portion of Mindanao between 6° 48'04" and
6° 5425" N latitude and 126° 9'08" and 126° 19'33" E
longitude. The sea hare samples were gathered manually
from Pujada Bay in the intertidal zone at a depth of (10-150
m). The adherent sediments and contaminants were
subsequently removed from the fresh samples at the
sampling location by washing them in seawater before
putting them in plastic bags. The samples were cleaned
again, placed in a clean ice box container with seawater,
and transported to the Molecular Systematics and
Conservation Genomics Laboratory in the Premier
Research Institute of Science and Mathematics (PRISM),
MSU-IIT, for later experiments. On the same day, a quick
rinse with tap water was performed in the laboratory to
remove any epiphytes and contaminants that remained on
the sea hare egg strings.

Preparation of bacteria and culture media

Two gram-positive bacteria (Staphylococcus aureus
BIOTECH 1582 and Bacillus subtilis BIOTECH 1679),
and two gram-negative bacteria (Escherichia coli
BIOTECH 1634 and Pseudomonas aeruginosa BIOTECH
1335) were used as test strains. These strains were provided
by PRISM obtained from the National Institute of
Molecular Biology and Biotechnology, University of the
Philippines Los Barfios, Laguna, Philippines.

Two conventional media were employed to cultivate the
test strains and assess the antibacterial efficacy of sea-hare
egg string extracts. Nutrient Agar (NA) and Muller-Hinton
Broth (MHB) were utilized for the actual bioassay.
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Figure 1. Map of collection site in the Pujada Bay, Pacific Seashore of Mindanao Island, Southern Philippines
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Preparation of sea-hare egg string extracts

Sea hare egg strings were washed with tap water and
followed by distilled water to remove the unwanted debris
on the samples. About 200 g of sea-hare egg strings
samples were immersed with hexane for a week, drained,
and then transferred to methanol for another week. The
mixtures were filtered using whatman no. 1 filter paper.
The filtrates were labeled as sample 1 and the second as
sample 2. Following the filtration procedure, the residue
was removed, and the filtrates were concentrated in
vacuo using a rotary evaporator at temperatures close to the
boiling points of methanol and hexane. Approximately 4
mL of each extract was transferred to vials using a pipette,
and the vials were covered using a foil with small holes to
diffuse the remaining extraction solvents until the desired
debris was obtained for the experiment.

Determination of antibacterial activity

All the materials used in the assay underwent thorough
preparation and sterilization. Specifically, the medium was
created by dissolving Nutrient Agar (NA) and Muller
Hinton Broth (MHB) powder in 50 mL of sterile distilled
water, and any remaining particles were dissolved by
heating the mixture in a microwave. The entire assay was
carried out under aseptic conditions. Test materials,
including hexane and methanolic extracts and the positive
control ciprofloxacin, were all prepared at 100 pg/mL
concentration. The ciprofloxacin stock solution was
prepared at a concentration 10 times higher than the
maximum concentration needed for testing, with
Dimethylsulfoxide (DMSOQO) serving as the solvent. The
extracts were likewise prepared at the same concentration
as the stock solution, with the dilutions made in test tubes
using Muller Hinton Broth, as indicated in Tables 1 and 2.

A colony of bacteria was transferred in a 3 mL
phosphate-buffered saline solution (PBS) using a cotton
swab, capped, and vortexed. It was adjusted to 0.5
McFarland by visually comparing the 0.5 McFarland tube
to the PBS tube, giving a 1 x 1028 CFU mL™ suspension.
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broth was added to the sterility control wells, while 50 pL
of sterile broth was added to the growth control wells.
Moreover, using the stock solutions made in step 2
(shown in row A, Table 2), quantities were shown (rows B
and C) to ten 1.5 mL tubes, labeling each one with its final
concentration (row D). Next, take 50 pL of antimicrobial
stock solution/extract solution from the tubes and place it
in the respective well in a 96-well plate, starting with the
strongest concentration in the first well. The 1 x 10® CFU
mL™ bacterial suspensions were diluted to 1:100 by 990
pL of PBS and 10 uL of each bacterial suspension. Then,
fifty microliters of the diluted suspensions were added to
each well containing antibiotic/extract solutions and the
growth control well. The final bacterial concentration is 5 x
10° CFU mL™. The final antimicrobial concentration is
shown in Table 2, row E. From the growth control well, 10
ML was taken and added to 990 pL PBS in a 1.5 mL tube
(dilution 1072) and vortexed. Then, 100 pL was taken from
this tube, added to 900 pL PBS in another 1.5 mL tube
(dilution 107%), and vortexed. This was done for all
bacterial suspensions. From this tube, 100 pL was taken
and inoculated onto 2 Muller Hinton plates, covered, and
sealed by parafilm. Muller Hinton and micro-titre plates
were incubated at room temperature for 16 to 24 hours.

Statistical analysis

The mean standard deviation was used to express all
experimental measurements performed in triplicate. A One-
way Analysis of Variance was performed to examine
statistical ~ differences between the concentrations
(ANOVA). The data were examined using Paleontological
Statistics (PAST) v.4.03 software. Tukey's pairwise test
was performed to determine whether a statistically
significant difference existed between the studied groups
and the positive control.

Table 1. Stock solution preparation

Suspensions were used within 30 minutes. In a micro-titre Antimicrobial  Muller Hinton  Final solution
plate, the first 10 columns were used for antimicrobial solution Broth mg L™
solutions, column 11 for sterility control, and column 12 Tubel 1mL 1280 mgI;1 omL 128
for growth control. One row was used per isolate being Tube 2 1mL 128 mg L 7mL 16

. ) Tube3 1mLI16mgL™ 7 mL 2
tested. The concentratu_nns tested were: 0_.06, _0.125, 0.2_5, Tubed 1mL2mgL™ 7mL 025
0.5, 1,2,4,8,16,32 mg L™. One hundred microliter of sterile
Table 2. Plate preparation of antibacterial assay
Plate well 1 2 3 4 5 6 7 8 9 10
Antimicrobial stock solutions (mg L™) 128 128 128 16 16 16 2 2 2 0.25
Volume stock solution (uL) 250 125 62.5 250 125 62.5 250 125 62.5 250
Volume sterile broth (uL) 250 375 4375 250 375 4375 250 375 4375 250
Antimicrobial concentration (mg L™") 64 32 16 8 4 2 1 0.5 0.25 0.125
Final antimicrobial concentration in test 32 16 8 4 2 1 0.5 0.25 0.125 0.06

(mgL™)
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RESULTS AND DISCUSSION

Antibacterial activities of Dolabella auricularia egg
string extracts

Over the past few years, numerous investigations on the
antibacterial properties of various sea species have been
conducted in many different nations (Shakouri et al. 2017).
The search and discovery of natural antibacterial
compounds have been increasingly reported worldwide.
Marine mollusks defend themselves from predators in an
unusual way. With the number of marine species,
numerous promising substances have been identified from
marine macro-organisms. Marine environments are among
the most abundant and diverse ecosystems in terms of
biological and chemical variety. The marine environment is
a rich source of bioactive chemicals, as evidenced by the
approximately 1,241 novel biochemical compounds
reported in 2012 (Afifi Khattab et al. 2016). In particular,
bioactive peptides and compounds that are antibacterial,
anti-inflammatory, and anti-cancer agents are among the
biologically active components they represent as new
reservoirs (Macedo et al. 2021; Zaky et al. 2022).
Secondary metabolites from marine species exhibit a
variety of bioactivities, including cytotoxic, antibacterial,
and antifungal properties (Darya et al. 2020). Though many
natural sources are suitable for the discovery of novel
potentially bioactive compounds, the marine environment,
which is home to a wide diversity of creatures with varying
physiologies and capacities for adaptability, is quickly
emerging as a top location for the identification of new
therapeutic leads (Martins et al. 2014). The present
investigation assessed the antibacterial activity of sea hare
(Dolabella auricularia) egg string extracts against two
gram-positive bacteria (S. aureus and B. subtilis) and two
gram-negative bacteria (E. coli and P. aeruginosa).

The antibacterial activity was investigated using a
standard technique. The results of tests on aqueous
methanol and hexane extracts of Dolabella auricularia egg
mass were analyzed (Table 3). A notable antibacterial
activity has been seen in the current work against various
bacterial strains. The MIC of each test substance was
established in this experiment against opportunistic
pathogen gram-positive bacteria, B. subtilis and S. aureus,
and gram-negative bacteria, P. aeruginosa and E. coli. A
significant number of bacterial strains were slightly
resistant to the extract of Dolabella auricularia. However,
in the methanolic first extract, bacterial growth was slightly
increased in all tested bacterial strains. Firstly, is the
bacteria B. subtilis, which had the highest antibacterial
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activity (MIC = 1.17 mg/mL), followed by P. aeruginosa,
which exhibited (MIC = 1.33 mg/mL), and then E. coli
with antibacterial activity (MIC = 1.46 mg/mL), and lastly
by S. aureus with (MIC = 3.33 mg/mL) antibacterial
activity. Methanolic extracts did not significantly influence
potentially pathogenic bacteria, including S. aureus,
compared to other test organisms. There is a slight
resistance of the S. aureus to the methanolic extract of sea
hare egg strings. There was a sudden decrease in the
growth of bacterial strains for the methanolic second
extract. The highest antibacterial activity was P.
aeruginosa (MIC = 0.79 mg/mL), followed by B. subtilis
with an MIC of (0.83 mg/mL). However, the third bacteria
which was E. coli, exhibited antibacterial activity (MIC =
2.83 mg/mL), it increased when compared to the first
methanolic extract of sea hare egg strings, and S. aureus
with (MIC = 3.33 mg/mL) antibacterial activity remains
unchanged from the first extract of methanol (Table 3, on
methanol (E2)). Meanwhile, the first hexane extract
showed a sudden decrease in bacterial growth from the
methanolic extract, with E. coli as the leading bacteria
among the four bacterial strains with the highest
antibacterial activity (MIC = 0.23 mg/mL). Moreover, P.
aeruginosa seconded this with a MIC of (0.52 mg/mL).
Thirdly was S. aureus with a MIC of (0.77 mg/mL), and
lastly was B. subtilis, which had the lowest antibacterial
activity among the four (4) test organisms (MIC = 1.5
mg/mL). As for the second extract of hexane, there was an
increase of minimum inhibitory concentrations among the
four extracts of different concentrations of all test
organisms except for E. coli as compared to the first extract
of hexane. The highest antibacterial activity was P.
aeruginosa (MIC = 0.125 mg/mL), followed by S. aureus
(MIC = 0.25 mg/mL), and then followed by E. coli having
an antibacterial activity of (MIC = 0.33 mg/mL), and
finally by B. subtilis with (MIC = 0.54 mg/mL) (Table 3,
on Hexane (E2)).

In addition, Table 4 shows the one-way ANOVA
comparing the antibacterial activity of the sea hare egg
strings aqueous extracts and the positive control. Since the
p-value was greater than 0.05, the one-way ANOVA
revealed no significant difference between groups. Thus,
the antibacterial activity of extracts is comparable to each
other and the positive control.

Table 5 shows Tukey's pairwise test comparing the
antibacterial activity of extracts to that of the positive
control, ciprofloxacin. It was shown that hexane extracts
are more active than methanol extracts.

Table 3. The minimum inhibitory concentration of aqueous hexane, aqueous methanol, and the antibiotic, ciprofloxacin, against test

organisms using a modified microtiter antimicrobial assay

Average MIC values (mg/mL)

Test materials
Staphylococcus aureus

Bacillus subtilis

Escherichia coli Pseudomonas aeruginosa

Ciprofloxacin 0.06 0.06
Hexane (E1) 0.77 15
Hexane (E2) 0.25 0.54
Methanol (E1) 3.33 1.17
Methanol (E2) 3.33 0.83

0.06 0.06
0.23 0.52
0.33 0.125
1.46 1.33
2.83 0.79
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Table 4. One-way Analysis of Variance (ANOVA) of sea-hare egg string extracts and positive control (Ciprofloxacin) against test

organisms

Source of Sum of squares df Mean square F P-value
variation

Between groups 3.509829688 3 1.1699 0.8445 0.4955
Within groups 16.62304375 12 1.3852

Total 20.13287344 15

Table 5. Tukey's pairwise comparison of four sea-hare egg string extracts and the positive control (Ciprofloxacin)

Hexane (1) Hexane (2) Methanol (1) Methanol (2) Ciprofloxacin
Hexane (1)
Hexane (2) 1.883
Methanol (1) 1.464 0.419
Methanol (2) 2.542 0.6595 1.079
Ciprofloxacin 3.569 1.686 2.105 1.027

The hexane extract exhibits more antibacterial activity
than the methanolic extract against potentially pathogenic
bacteria. According to the results of the study of
Zarrinmehr et al. (2022), the increased amount of lipids
extracted by hexane and chloroform when compared to
methanol and acetone may be explained by the polarity
index of these organic solvents. Hexane, chloroform,
acetone, and methanol have polarity indices of 0, 4.1, 5.1,
and 5.1, respectively. These numbers indicate that
methanol and acetone have greater polarity than
chloroform and hexane. The degree to which a solvent is
polar dictates its capacity to dissolve certain solutes. This
suggests that hexane is more effective in extracting
antibacterial components of sea hare egg strings. It can be
speculated that the methanol and hexane extracts can
inhibit the growth of gram-positive and gram-negative
bacteria.

The production of natural products and medications has
recently received much attention. One of the biggest causes
of death is infectious disease. Human health is under threat
all across the world. Most of them are caused by microbes
like bacteria and viruses, rickettsia, and fungi. Bacteria are
thought to cause up to 30% of all diseases, resulting in
millions of deaths annually. Viruses or prions account for
37-44% of diseases caused by various microbial pathogens;
bacteria or rickettsia cause 10-30%; protozoa account for
10.7%; and fungus account for 6.3% of diseases, and
helminths account for 3.3% of illnesses, resulting in
millions of fatalities annually. The greatest threat is the
growth of drug- and multidrug-resistant pathogens; as a
result, the pharmaceutical and medical industries urgently
need innovative antimicrobial drugs derived from natural
sources with novel modes of action (Ganesan et al. 2017;
Shameem et al. 2017; Srikacha and Ratananikom 2020).
Since the latter part of the 20th century, antimicrobial drugs
have been further identified as the most significant clinical
nutrient. As a result, many individuals have been spared
from potentially fatal bacterial infections. It is still unclear
how antimicrobial medication use will develop in the future

due to the growing issue of bacterial resistance. Thus,
several steps must be taken to lessen the issue, such as
limiting the usage of antibiotics, conducting studies to
comprehend the genetic pathways underlying resistance,
and carrying out ongoing studies to develop novel natural
or synthetic medications. Delivering suitable and effective
antimicrobial medications to the patient is the ultimate
objective. The creation of novel instruments to supplement
or replace pharmaceutical antibiotics is necessary due to
the rising incidence of antibiotic resistance. The
introduction of medicinal antibacterial properties of sea
hare egg mass has been prompted by the emergence of
microorganism resistance to currently available medicines
(Farhana et al. 2017; Asgharpour et al. 2020; Tam et al.
2021).

Numerous investigations into the chemical makeup and
biological characteristics of sea hare secondary metabolites
have revealed that they have cytotoxic, antibacterial,
antifungal, and antiviral effects, as well as antifeedant
actions (Ruaza 2022). Several studies revealed the presence
of an antibacterial factor in sea hare egg strings. According
to Swarna et al. (2021), the egg mass of the sea hare
includes agglutinin, which could agglutinate the marine
bacteria. The agglutinins found in the egg mass play an
important function in the egg mass as a defense mechanism
once it has been laid out. This contributes to its defensive
mechanism by producing adverse environmental
circumstances for microorganisms. Agglutinins have high-
molecular-weight that resemble proteins and function as
opsonins (Grinchenko and Kumeiko 2022). Several marine
bacteria cause an initial decrease in agglutinin titer, which
returns to normal levels once the marine bacteria are
eliminated from the sea hare. It was discovered that marine
bacteria agglutinated by sea hare serum are rapidly
removed from animals. It has also been proposed that
agglutinins contain a polysaccharide involved in
agglutinating action and may function in egg fertilization or
egg protection from pathogens (Ahmmed et al. 2022).
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It was also reported that sea hare egg strings have
lectins that suppress bacterial growth. Lectins are a type of
protein that has the ability to bind to certain sugars in a
noncatalytic manner. The antibacterial activity of lectins is
caused by their unique identification of bacterial surface
components. Some research showed that lectins could
decrease biofilm development by interacting with bacterial
cell components of the biofilm and altering the expression
of genes involved with virulence and biofilm formation.
Given that some lectins can identify, agglutinate, and
prevent the formation of bacterial cells and biofilms, lectins
play a role in the organism's inherent defense mechanism
(Vasconcelos et al. 2014; Garderes et al. 2015; Marques et
al. 2017). The precise role, processes, and distribution of
lectin in a broader range of invertebrate eggs are of great
interest. It appears to be broadly distributed in marine
sea hare species and closely involved in organ creation in
the early developing stages (Motohashi et al. 2017).

The results showed that the tested sea-hare egg string
extracts are antibacterial against pathogenic bacteria. This
observation backs up the findings of lbrahim et al. (2020),
who discovered that sea hare eggs have antibacterial action
against the investigated microbial species. The extract of
the egg string of the sea hare, Dolabella auricularia, was
found to have effective inhibitory activity when compared
to other gastropods and bivalves, inhibiting all gram-
positive and gram-negative bacterial isolates (Tayone et al.
2021). Also, in the same recent study by Tayone et al.
(2021), secondary metabolites exist in the sea hare's eggs,
including phenols and flavonoids. It is thought that the
secondary metabolites found in sea hare organisms come
from the algae they eat. Sea hare inkand egg strings
include flavonoids, phenolics, and other
bioactive chemicals that may also be acquired from the
same algal diet. Algae, accordingly, are among the richest
sources of bioactive chemicals with a variety of medicinal
uses. Flavonoids are regarded as constitutive antibacterial
agents because they can cause damage to the cytoplasmic
membrane, restrict energy metabolism, and prevent the
formation of nucleic acids, among other mechanisms. As a
result, the flavonoids' secondary metabolites, which include
flavones, flavonols, and tannins, have antioxidant
properties, a feature that is heavily influenced by the
hydroxyl group, particularly the 3-OH. It has frequently
been observed that phenolic compounds with no oxygen
and a C3 side chain at a lower degree of oxidation are
antimicrobials.

Some compounds with great promise in cancer
treatment have been identified from algae. According to
studies, among these compounds is dolastatin10, that can
be found in sea hares. Three distinct amino acid residues
can be found in dolastatin 10 (Dol-10), a well-known
marine pentapeptide that was extracted from the Indian
Ocean mollusk Dolabella auricularia, a source of very
strong broad-spectrum anti-tubulin anti-cancer
pentapeptide. Dol-10 can efficiently cause lung cancer cells
and other tumor cells to undergo apoptosis at nanomolar
concentrations. It has recently attracted a lot of interest as it
has evolved into pharmaceuticals sold for treating certain
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types of lymphomas (Gao et al. 2021; Singh 2022; Tan et
al. 2022; Zhou et al. 2023).

The same study was also observed by Desrini et al.
(2018), which accordingly that the presence of various
active substances with antibacterial activities, including
flavonoids, tannins, and saponins, supports the potential of
the methanol extract of Dolabella auricularia eggs to
suppress and eliminate the bacteria. Despite the absence of
alkaloids, these three secondary metabolites are strong
enough to have antibiotic actions. Flavonoids are known to
have antibacterial properties. Interfering with bacterial
attachment to the substrate by disrupting the formation of
protein complexes from covalent and hydrogen bonds is
one example, interfering with the permeability of bacterial
cell walls preventing bacteria from transporting essential
nutrients and organic components. Furthermore, flavonoids
have a subgroup known as flavones that can inhibit
bacterial colony growth, as well as a ring B that can
interfere with nucleic acids and hinder bacterial RNA and
DNA synthesis (Kumar and Pandey 2013; Xie et al. 2014;
Gorniak et al. 2019).

Ciprofloxacin is the positive control used in the study
for both solvents, hexane, and methanol, with average
antibacterial activity of (MIC = 0.06 mg/mL) in all tested
bacterial organisms. The drug used is an effective antibiotic
against the growth of bacteria because of its synthetic
composition. The chemical name of the antibiotic is one-
cyclopropyl-6-fluoro-4-oxo-7-(piperazine-1-yl)-1, 4-
dihydroquinoline-3-carboxylic acid. Its chemical formula is
C17H18FN30s, and its molecular weight is 331.34 g/mol.
Both in vitro and in vivo studies have demonstrated that
ciprofloxacin is effective against various gram-positive and
gram-negative bacteria isolates. It is frequently used to
treat serious digestive, respiratory, and urinary tract
infections (Akhtar et al. 2016; Sharma et al. 2017). It
inhibits DNA gyrase and topoisomerase IV activities, the
two enzymes responsible and essential for bacterial
viability (Mustaev et al. 2014; Al-Wahaibi et al. 2021).
Topoisomerase 1l and Topoisomerase IV are two types of
DNA gyrase inhibited by the broad-spectrum antibiotic
ciprofloxacin; subunits A and B are found in DNA gyrase.
Quinolones, such as ciprofloxacin, are thought to hinder
subunit A from resealing the DNA double-strand, resulting
in exonucleolytic destruction of single-stranded DNA
(Shariati et al. 2022). Two extraction solvents were
employed in the study namely, hexane and methanol. In the
study of Borges et al. (2020), methanol is considered one of
the best extraction solvents for bioactive compounds.
Accordingly, this solvent did not destroy the phenols
because no hydrogen peroxide or a substantial fraction of
free radicals were produced owing to cavitation when
exposed to sonication. It was stated that there could be an
influence on the various yields by the polarity of the
solvent, which may account for the diversity in the
outcomes (Borges et al. 2020). Methanol, also known as
methyl alcohol, is an organic substance with a molecular
weight of 32.042 u.m.a. It is one of the most significant
chemical raw materials and is only weakly soluble in fat
and oil. Methanol is, in fact, primarily used in the chemical
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industry as a feedstock, solvent, or cosolvent (Dalena et al.
2018).

The other extraction solvent used in the study is hexane.
A family of compounds known as "hexane" has the
molecular equation CgHis. N hexane, 2-methylpentane, 3-
methylpentane, 2,2-dimethylbutane, and 2,3-
dimethylbutane are among the five isomers that fall under
this category (Cravotto et al. 2022). Dwivedi et al. (2020)
stated that statistical analysis showed a strong and
significant difference in total phenolics in different
extraction solvents. Another study showed that the highest
phenolic compound production was observed in the extract
of hexane solvent. It was found that the hexane extract had
the highest flavonoid content. For instance, papaya flower
extract in hexane showed the highest level of antioxidant
activity in the investigation, with methanol, chloroform,
and aqueous extracts following. The variation in the
extracted chemicals' polarity and solvents' polarity may
cause the different activity (Adeshina et al. 2010). Yeo et
al. 2014 showed in a study with leaves of Alchornea
cordifolia, that among the three extraction solvents—
hexane, following by ethylacetate, and methanol—
ethylacetate was found to be the most effective in
conferring antibiotic activity against Pseudomonas
aeruginosa, Staphylococcus aureus, Escherichia coli, and
Candida albicans. The study's conclusions demonstrated
that ethyl acetate, petroleum ether, and hexane—all non-
polar and intermediate-polar solvents—were superior
solvent systems for extracting antimicrobial chemicals.
According to the data, the most active antimicrobial agents
fall into the non-polar to intermediate polarity category
(Grinchenko and Kumeiko 2022).

The positive control had a minimum inhibitory
concentration of 0.06 mg/mL, higher than the two solvents
of D. auricularia egg string extracts. The highest minimum
inhibitory concentration is the hexane extracts compared to
methanol extracts in different concentrations in all tested
bacterial organisms. This may indicate that the hexane
extract has a comparable inhibitory effect to ciprofloxacin.
Thus, this was revealed a potential source of antibacterial
compounds against tested microorganisms as shown in
Table 3.

Sea hares are increasingly being evaluated as a natural
source of antioxidants that benefit human health in the food
sector. The presence of phenolics and flavonoids indicates
a broad range of antimicrobial drug spectrum with
high antibacterial action against gram-positive and gram-
negative microorganisms. It is phenols' partly hydrophobic
characteristic that causes this, which makesthem
antimicrobial. It either deactivates or inhibits hydrolytic
enzymes or microbial adhesions as proteases (Baba and
Malik 2015). The results of this study were found valid and
serve as baseline data for future studies.
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