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ABSTRACT

Background: Macroalgae have a wide range of natural compounds
which have natural antioxidants.

Method: In this study, four concentrations of the methanolic extract
of the Chlorophyta-related macroalgae-isolate Cladophora glomerata
were tested (concentrations of 12.5, 25, 50, and 100 mg/ml) in vitro to
evaluate their effect on the growth inhibition of pathogenic fungal isolate
(Candida albicans) and pathogenic bacterial isolates (Bacillus cereus,
Micrococcus spp., Pseudomonas aeruginosa, and Proteus mirabilis).

Result: Methanolic extracts had an inhibitory effect on Candida
albicans and all bacterial isolates tested. Microbiological fungal and
pathogenic bacterial isolates are inhibited by a diameter of the inhibition
zone (in millimeters). The maximum biological inhibitory action was
observed at dosages of 100 mg/ml. Micrococcus spp. exhibited the
highest susceptibility to the treatment. While the smallest diameter
of inhibition zones was observed at a concentration of 12.5 mg/ml
against microorganisms, the observed diameters ranged between 0
mm (Proteus mirabilis) and 7 mm (Micrococcus spp). Alkaloids, tannins,
flavones, resins, saponins, terpenes, and steroids were among the active
chemicals found in the methanol extract of Cladophora glomerata. To
tentatively identify the compounds responsible for these activities, Gas
Chromatography-Mass Spectrometry GC—MS was used to chemically
characterise the methanol extract. There were six main components
in the extract: tridecyne, hexadecanoic acid, octadecadienoic acid,
octadecadienoic acid, octadecadien-1-ol, and tetradecenal.

Conclusion: The methanolic extract of C. glomerata showed significant
antimicrobial activity, which implies that it might be useful as a source of
bioactive compounds and could be potentially used as an antimicrobial
agent.
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Introduction

Algae are common and widespread in most water bodies
all over the world. In addition to being branching, attached,
benthic, and filamentous, Cladophora, a green alga found
in both fresh and marine water, has hair-like filaments with
cross walls that separate segments of the macroalga. Each
segment has multiple nuclei. Germination and growth of
Cladophora usually require hard substrates like rocks. They
do not produce hepatotoxins.'? Algal extracts have been
found to be highly active against Candida albicans, and
similar results have been observed against other fungal
strains and bacteria.>* In a study published by Yi et al.,
it was found that methanol extracts possess the highest
antibacterial and antifungal activity.®

The Rhodophyta genus includes four species with broad-
spectrum antimicrobial activity. Extracts from seaweeds had
a greater impact in inhibiting bacterial growth than fungal
growth; Rhodophyta species had the highest antibacterial
and antifungal activity.® Green algae were shown to be
the most effective antimicrobial agents.” Bhagavathy et
al. investigated the presence of bioactive phytochemicals
in green algae and the antimicrobial activity of these
compounds using a variety of organic solvents and found
that the extracts had potent effects against pathogenic
fungus and bacteria.® Al-Asady conducted a study which
clearly demonstrated the presence of antibacterial
activity in the crude methanol extract of S. platensis at
dosages of 12.5, 25, 50, and 100 mg/ml. Among the tested
microorganisms, doses of 100 mg/ml demonstrated the
highest biological inhibitory activity.® In another study, five
different types of seaweed were extracted, and all extracts
showed antimicrobial activity.) When compared to extracts
made using different solvents, the acetone extract of Ulva
lactuca exhibited the widest range of antibacterial activity.
Fareed and Khair looked into the antifungal properties
of four different marine algae species and found that all
the tested extracts showed antifungal and antibacterial
activity.!! Thirteen researchers conducted a study to test
the effectiveness of extracts from marine macroalgae,
Rhodophyceae, Chlorophyceae, and Phaeophyceae against
various microorganisms.'> Numerous types of bacteria are
capable of causing disease in a wide variety of organisms,
including humans. Some of them are found in the plants
that are found in the wild. Even while some of the bacteria
are beneficial to the environment, others are not.'* This
study aimed to investigate the antimicrobial activity of
methanolic extracts of C. glomerata collected in Mosul, Irag.

Materials and Methods
Cladophora glomerata Collection

From May to June 2023, C. glomerata (macroalgae) were
collected by hand from the Tigris River in Mosul, Iraq.

The sample was transported directly to the laboratory
for further analysis.* It was cleaned, washed with water,
and stored.

Preparation of Extracts

The shade-dried C. glomerata was ground. After filling the
thimble with 30 g of powder, 6 hours were spent using a
Soxhlet device to extract the substance from 500 ml of
methanol solvent for later analysis.

Identification of Microbial Isolates

For the purpose of this experiment, potato dextrose agar
(PDA) was produced in accordance with the instructions
provided by the manufacturer. As a means of determining
the degree to which antifungal medications are effective
against Candida albicans, five different drugs were tested
(amphotericin B, caspofungin, ketoconazole, fluconazole,
and metroconazol). The bacterial isolates were examined
using the Vitek-2 compact system at Al-Jumhury Hospital,
Iraq. Gram-positive and gram-negative bacterial isolates
were confirmed with the automated Vitek-2 compact
system using GPB-592 Kit (ID) and GNB-419 Kit (ID) cards.
The cards had bar codes that contained information on
product type, lot number and expiration date.?®

Table |.Microbial Isolates and Source of Isolation

Microbial Isolates Isolation Source
Micrococcus spp. Skin
Bacillus cereus Stool
Pseudomonas aeruginosa Wound
Proteus mirabilis Stool
Candida albicans Stool

Antimicrobial Activity Assay

The agar well diffusion method was utilised in order to
evaluate the effectiveness of the C. glomerata extract as an
antibacterial agent in vitro.'® It was necessary to quantify
the diameter of the inhibitory rings that surrounded the
well in millimetres so that the findings of this investigation
could be utilised. It was determined that halos with a
diameter of more than 10 millimetres were regarded to
be positive. All of the tests were carried out in triplicate.
The control solution that was utilised was DMSO.

Identification of Active Compounds in C.
glomerata Extract

The presence of active chemicals in algae was determined
by using established methods.’

Gas Chromatography-Mass Spectrometry

The gas analysis was conducted on a high-temperature
column provided by Agilent Technologies by the method
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of Gas Chromatography-Mass Spectrometry (GC-MS), with
the initial temperature of the column set at 100 °C. A5 L
sample volume was injected, and oven temperatures were
raised to 225 °C and 300 °C. Mass spectra were recorded
and analysed using Agilent GC-Mass Solution and postrun
software. As part of the identification process, mass of the
molecules was compared to the NIST [ADR1] database and
to the genuine standards provided by the National Institute
of Standards and Technology (NIST).*®

Results and Discussion
Morphology of Cladophora glomerata

There are many species of C. glomerata, including the
branching, attached, and filamentous macroalgae, which
are widespread in both marine and freshwater habitats.
The filaments are often long and hair-like, and cross walls
separate each segment; each segment contains more
than one nucleus. For Cladophora to germinate and grow,
hard substrates such as rocks are usually needed. Water
motion is also crucial to Cladophora growth.®*° Experienced
biologists can identify Cladophora species easily, and
sampling is easy.?°

Figure |.Naturally Occurring C. glomerata
Antimicrobial Activity

The antimicrobial activity of C. glomerata was analysed
against bacterial (Bacillus cereus, Micrococcus spp.,
Pseudomonas aeruginosa, and Proteus mirabilis), and
fungi (Candida albicans) isolates. The effects of C.
glomerata extract (methanol extract) were observed at four
concentrations (100, 50, 25 and 12.5 mg/ml). The extract
was found to have a strong and widespread inhibitory
impact on all microbial isolates (Table 2). Micrococcus
spp. exhibited the highest level of biological inhibitory
action among the studied microorganisms, at values of
100 mg/ml. Bacillus cereus, Candida albicans, Proteus
mirabilis, and Pseudomonas aeruginosa have the most
significant inhibitory zones, measuring 18 mm in diameter,
indicating that they are the most susceptible to treatment.
The inhibitory zone diameters of Bacillus cereus, Bacillus
mirabilis, Proteus mirabilis, and Pseudomonas aeruginosa
are 16, 15, 13, and 11 mm, respectively. The inhibitory zones
with the smallest widths were observed at a concentration
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of 12.5 mg/ml. At this concentration, Proteus mirabilis

and Micrococci species were observed to have diameters

ranging from 0 to 7 mm.

Table 2. Effect of Methanolic C. glomerata extract at
four different concentrations on selected microbial

isolates
. . Concentration (mg/ml)
Microbial Isolates
100 50 25 12.5
Micrococcus spp. | 4o 1 | 1441 |8+2 | 721
(mm)
Bacillus cereus 1542 | 13+1 | 741 | 542
(mm)
Pseudomonas | 11,9 | 945 641 | 4%1
aeruginosa (mm)
Proteus mirabilias 13+2 | 1022 | 6+2 | 0%0
(mm)
Candida albicans 1641 | 13+1 | 9+2 | 6+1
(mm)

In contrast to the results obtained from the sensitivity test
for the isolates of C. glomerata, which indicated that most
of them were resistant to antifungal drugs, As a result of the
methanolic extract, the colony diameter of the pathogenic
fungi that were investigated was dramatically reduced. In
agreement with the findings of Dwaish, which found that
algae extracts have greater antifungal properties than
common drugs against C. albicans, the current findings
are consistent with the findings of Dwaish.?! In a study
by Manivannan et al., methanol-based seaweed extracts
showed to be most effective in killing microbes.?? However,
methanol extracts of algae have a moderate antimicrobial
activity. Acetone, methanol, and chloroform extracts of
green algae have no effect on microorganisms.® There are
many alternatives to antibiotics that act as antimicrobials
against pathogenic microbes that might have caused the
variations in the mentioned results. These alternatives may
have occurred due to differences in the season, location,
and isolate solvents used for the algae.?>?’

Phytochemical Evaluation

According to the findings, the methanolic extract of C.
glomerata contains active chemical compounds. Alkaloids,
tannins, flavones, resins, saponins, terpenes and steroids
were found in the extract. The researchers examined the
most chemically active compounds in macroalgae, and their
findings matched those of a number of other studies.®

GC-Mass Spectrometry Analysis

It was determined that the extracts with high antimicrobial
activity had biochemical properties that could be identified
through the identification of the chemical structures and
identities that contributed to their antimicrobial activity.
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For this identification of natural organic substances, GC-MS
is used. An investigation was conducted to determine the
active components responsible for the bioactivity of the
extract of C. glomerata, the extract was chemically analysed
using GC-MS. Consequently, tridecyne, hexadecanoic acid,
octadecadienoic acid, octadecynoic acid, pentadecadien-
1-ol, and tetradecenal were discovered to be components.
Several antimicrobial compounds have been detected in
the algae, including indoles, terpenes, phenols, and fatty
acids. 2 As GC-MS techniques indicated medication action,
active compounds in algae acetate extracts were analyzed.
Seaweeds are believed to possess antimicrobial properties,
and their ability to be cultivated is an advantage in increasing
their production. It is currently being investigated whether
C. glomerata has antioxidant and anti-inflammatory activity,
and the mechanism by which the natural components of
this plant reduce infections is being investigated. Several
studies have previously reported similar findings to those
of this study.?%3°

Conclusion

A recent study confirmed that methanolic extract of
Cladophora glomerata could potentially be used as an
antimicrobial agent.
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