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X " Chara vulgaris. These were extracted using acetonitrile and tested against one Gram-
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Macro-algae positive bacterium, one Gram-negative bacterium, and one type of fungus using the well

Genera diffusion technique. Eleven different concentrations of the algal extract (2, 5, 10, 15, 20,
Algal Extracts

Antimicrobial Activity 25, 30, 35, 40, 45, and 50 mg/mL) were prepared for the study. Additionally, gas
Pathogenic Organisms chromatography-mass spectrometry (GC-MS) was used to analyse the components of the
C - extracts. The results showed that the extract of Cladophora glomerata and Chara vulgaris
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Chiyai Maaroof Sharif prepared with acetonitrile was most effective against the pathogenic fungus Candida
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albicans (ATCC: 10231) at a concentration of 15 mg/mL, followed by Staphylococcus
aureus (ATCC: 25923) at 25 mg/mL, and Escherichia coli (ATCC: 35218) at 30 mg/mL.
Furthermore, the extract of Cladophora glomerata was more effective against the Gram-
positive bacterium Staphylococcus aureus. Numerous chemical components with
antibacterial and antifungal properties were identified in the extracts. These included
alkaloids, alcohols, carboxylic acids, ketones, benzenes, amines, fatty acids, alkenes,
furans, heterocycles, and other natural compounds. The antimicrobial investigation of
Cladophora glomerata and Chara vulgaris demonstrated a significant effect in inhibiting
or killing bacteria and fungi.
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1. Introduction

In aquatic ecology, algae are the most significant primary producers [1]. Algae are aquatic photosynthetic creatures that
have been ascribed exceptional ecological significance and a place in the animal food chain [2]. Macro-algae may create a wide
range of secondary metabolites with a wide range of biological functions and they are regarded as a source of bioactive
compounds. It has been demonstrated that brown, red, and green algae contain compounds with antioxidant, antiviral, antifungal,
and antibacterial qualities [3]. Polysaccharides, indoles, terpenes, phenolic acids, and fatty acids are among the bioactive
components of algae antibiotics [4]. Green algae, one of the most prevalent types of algae worldwide, can grow rapidly in salty
water, which accounts for about 10% of all communities, or they can be attached to plants (epiphytic), epileptic (rocks), edaphic
moist soil, or both. It is well known that green algae have antibacterial properties that enable them to combat microorganisms
that are both Gram positive and Gram negative [5]. For instance, more than 183 species of Cladophora contain a variety of
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compounds having therapeutic uses [6]. The term "macrophytes" is used to refer to all green algae. From an ecological
perspective, algae are abundant and found in fresh and marine environments, where they absorb carbon dioxide and carry out
photosynthesis [2]. The multipurpose biochemical found in algae demonstrated several therapeutic qualities, such as
antibacterial, antioxidant, anti-inflammatory, and anticancer bioactivities [7]. Numerous diseases in humans and animals are
caused by fungi as agents of superficial mycoses, which affect the outer layer of skin in the stratum corneum and frequently
result in chronic infections [8]. Algae are a natural treasure, due to several studies on their chemical makeup and growing public
consciousness of the benefits of using them [9]. Interest in products made from natural ingredients is continuously rising. Thus,
it is essential to harvest algae correctly and create techniques that allow the biomass to be examined for the presence of
physiologically active substances with a variety of uses [9]. The aims of this study are determine phytochemical compounds of
Cladophora glomerata and Chara vulgaris by using GC-MASS and estimation antimicrobial activities of Cladophora glomerata
and Chara vulgaris against some pathogenic bacteria and fungi.
2. Research Method
2.1. Algal Collection

This work was done from April to July in 2023. After being gathered from freshwater sources, Cladophora glomerata
and Chara vulgaris were carefully cleaned of sand, mud, and other weeds were removed from the collected freshwater
macroalgae were first washed with tap water and then with distilled water. After being spread out on plain paper and allowed to
dry for roughly ten days at room temperature, the clean freshwater macroalgae plants were manually crumbled into a fine powder.
These algal samples were stored in the refrigerator [10] .
2.2. Location and Sampling Site Description

Between latitudes 35° 40' and 30° 30' N and longitudes 43° 20' and 44° 20' E is the province of Erbil, where this work
was conducted. Numerous writers describe the climate, water resources, and geology of the Erbil Province area under study [11].
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Figure 1. Map of the A. North part of Iraq, B. Sampling sites (ArcGIS)
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Figure 2. Microscopic picture of Cladophora glomerata at 40x

Figure 3. Microscopic picture of Chara vulgaris at 40x
Site one: (Prdisarkawr spring) (Figure 4)
This location is at an elevation of 386 meters above sea level, latitude N 385425862, longitude E 4052589, and roughly
6 kilometers north of Qandil Bridge. The discharge was used for irrigation, and the soil here is grayish brown in color. There is
mud at this location.
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Figure 4. Site 1(Prdisarkawr spring)

Site two: (Gwer pond) (Figure 5)

It is situated at an elevation of 221.3 meters above sea level in Kapran village, Gwer district, at latitude N 385369444
and longitude E 3999202. The soil colour ranged from brown to grayish-brown. Near this location, agricultural activities
predominate. Man-made ponds, this pond contains both stone and mud.

"

-

Figure 5. Site 2 (Gwer pond)
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2.3. Algal Identification

After the collection of macroalgae, each sample was labelled and then brought to the laboratory for identification. The
morphological identification of Cladophora glomerata and Chara vulgaris was done using the references of [12] and [13]. A
digital microscope camera (Model Number: SCMOS05100KPB) was used to capture images of both species.
2.4. Antimicrobial activity

The bacteria Staphylococcus aureus (ATCC:25923), Escherichia coli (ATCC:35218), and fungi Candida albicans
(ATCC:10231) were acquired from the Media Diagnostic Centre, Erbil and utilised in the current study. The bacterial culture
was incubated for 24 hours at 37°C on Muller Hinton agar, while the fungal culture incubation lasted between 24 and 72 hours
at 37°C on Sabouraud Dextrose Broth. The media used for the activation and growth of bacteria were Sheep Blood Agar(SBA)
for Staphylococcus aureus, MacConkey Agar for Escherichia coli and Sabouraud Dextrose Agar (SDA) for Candida albicans
[14]. Cladophora glomerata and Chara vulgaris algal extracts (0, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 mg/mL) were used
as antibiotic and antifungal activity.
2.5. Phytochemical examination of the algal species

According to [15], 100 ml of 97% acetonitrile was used to extract 10 grams of powdered Cladophora glomerata and
Chara vulgaris separately. Soxhlet extracts these solvents at 76°C for three to four hours until they are insoluble. The algal
extract was dried at 40°C using a rotary evaporator. The extracts were used for gas chromatography-mass spectrometry (GC-
MS) phytochemical screening. Filtration was used to sterilise the algae crude extracts, which were then diluted in dimethyl
sulfoxide until they reached a final concentration of 300 mg/mL and kept at 4°C [16].
2.6. Determining Minimum Inhibitory Concentration (MIC) of algal extraction

The antimicrobial activity and separation of different concentrations of algal extracts (0, 2, 5, 10, 15, 20, 25, 30, 35, 40,
45, and 50 mg/mL) were tested in 96-well microliter plates by mixing them with nutritional broth for bacteria and SDB for fungi.
This technique helped separate antimicrobial compounds and evaluate algae for antimicrobial activity. All wells were inoculated
with 10ul of the activated culture of Staphylococcus aureus, Escherichia coli, and Candida albicans, then incubated overnight
at 37 °C. Before and after incubation, the absorbency was determined using a wavelength of 490 nm. ELISA apparatus (EL 800
Biotek, Epison LQ-300+1II) was then used to determine the MIC [17].
2.7. Chemical composition of algae extracts

A single quadrupole detector and an HP-5 capillary column (30 mx0.25 mm L.D., 1 pm film thickness) were utilised in
the GC-MS analytical method (Agilent Technologies, USA) to determine the biochemical components of the algal extract. After
two minutes at 40 degrees, the oven was heated for five minutes to 150 degrees and then for fifteen minutes to 300 degrees. At
280°C, the injector port's temperature was maintained. One microliter of the sample (dissolved in 100% dimethyl sulfoxide) was
delivered into the system using helium as a carrier gas [15].
3. Results And Discussion

Freshwater macro-algae are a rich source of bioactive substances with a variety of advantageous biological functions
[18]. Chara vulgaris is a coarse and brittle plant that is typically heavily lime-encrusted, varying widely depending on its habitat,
varying in height from 4 cm in shallow water and on sandbars to 40 cm in deep water bottoms. Stems with cortication, the node
cells of the primary cortical series are produced into spines that may vary from mere papillae to very long and prominent cells,
giving a distinctly spiny appearance to the plant as a whole, nodes of the stem bearing a whorl of 6-11 leaves, leaves are
uncorticated for 3-4 cell lengths at the tip, and sex organs are monoecious, borne on the same leaf node [12]. Cladophora
glomerata filaments are branched, the individual cells are very large and cylindrical, the chloroplast is dense and net-like
(reticulated), and it forms dense mats attached to substrates (epiphytic) [13].
3.1. Antimicrobial activities

The antibacterial activity of Cladophora glomerata and Chara vulgaris was evaluated in this study using the diffusion
technique against two Gram positive and Gram negative bacteria, Staphylococcus aureus (ATCC:25923), Escherichia coli
(ATCC:35218), and the fungus Candida albicans (ATCC:10231). Eleven different algal extract concentrations were used,
including 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 mg/mL. The extracts were tested by determining their minimum inhibitory
concentrations (MIC) against certain bacteria and fungi at different doses (Tables 1 and 2). In reaction to biotic and abiotic
stressors, algae produce and accumulate a variety of chemicals. These substances have a variety of biological activities, such as
antiviral, antibacterial, cardioprotective, antioxidant, anti-inflammatory, and anticancer qualities [19] and [20]. Different
inhibitory activities against different harmful bacterial species are indicated by Cladophora glomerata. In the present study, the
results showed that Cladophora glomerata extract has greater antifungal and antibacterial activity against Staphylococcus aureus
and Candida albicans, with concentrations of 15 mg/mL for Candida albicans, 25 mg/mL for Staphylococcus aureus, and 40
mg/mL for Escherichia coli (Table 2). This result comes in accordance with [21]. Antimicrobial activity of Chara vulgaris was
more effective against Candida albicans by 20 mg/mL (Table 1). Fungal infections in humans have been related to serious
problems, particularly in rural and impoverished areas with limited access to diagnosis and treatment [22]. Cladophora
glomerata showed the highest antibacterial activity against Staphylococcus aureus; this result agreed with [23]. The findings of
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this investigation revealed that the two isolated algal acetonitrile extracts had the most potent antifungal efficacy. With an
antibacterial action of 25 mg/mL against Staphylococcus aureus, Cladophora glomerata demonstrated greater efficacy against
Gram positive bacteria. This result was consistent with two types of macroalgae extracts demonstrating moderate antibacterial
activity against Gram negative bacteria. This result agreed with [10]. The antimicrobial mechanisms of action attributed to
compounds extracted from algae are diverse. These encompass alterations in membrane permeability due to interactions with
proteins and lipids, as well as enzyme inhibition. Different compounds might be incorporated into the membrane of microbial
cells, leading to a loss of selective permeability and leakage of solutes, distorting their shape, size, and constituents [19].
Moreover, Cladophora glomerata showed the most promising antibacterial and antifungal capacity since they were able to inhibit
Escherichia coli growth in the intermediate or susceptible category [23]. In this study, the algae contain phytochemicals
comprised of alcohol, alkane, and alkaloids, indicate antimicrobial activity against Escherichia coli and Staphylococcus aureus.
This outcome was consistent with [24].

Table 1. Minimum Inhibitory Concentration (MIC) of Chara vulgaris toward harmful bacteria and fungi
Name of Bacterial culture absorbency (Concentration of extract mg/mL)

solvent and Control 2 5 10 15 20 25 30 35 40 45 50
bacteria

Staphylococcus

aureus 1.060  0.501 0.559 0.367 0.506 0323 0472 0 0 0 0 0
(acetonitrile)

Escherichia

coli 0.664 0.442 0411 0407 0433 0.189 0331 O 0 0 0 o0
(acetonitrile)

Candida

albicans 0.422  0.236 0.048 0.074 0.033 0 0 0 0 0 0 o0
(acetonitrile)

0: It means no growth detected

Table 2. Minimum Inhibitory Concentration (MIC) of Cladophora glomerata toward harmful bacteria and fungi
Name of Bacterial culture absorbency (Concentration of extract mg/mL)

solvent and Control 2 5 10 15 20 25 30 35 40 45 50
bacteria

Staphylococcus

aureus 0.623 0479 0.369 0.297 0.252 0.309 0 0 0 0 0 0
(acetonitrile)

Escherichia

coli 0.723  0.644 0.465 0.599 047 0.179 0.092 0.074 0.111 0 0 0
(acetonitrile)

Candida

albicans 0.462 0322 0208 0.134 0 0 0 0 0 0 0 0
(acetonitrile)

0: It means no growth detected

3.2. Natural compounds

The kind of algae being studied, the efficiency of the extraction method, the active components, and the host type all
affect the inhibitory activity. The extract of two algae taxa in the current study contained a number of chemical components
linked to human health (Tables 3 and 4). Acetonitrile, an organic solvent, was used in the current study for the preparation of
extracts from Cladophora glomerata and Chara vulgaris as well as for the GC-MS diagnosis of several chemicals. Throughout
the solvent extract GC-MS screening process, Cladophora glomerata and Chara vulgaris showed sixteen and eleven substances,
respectively (Tables 3 and 4). The polarity of the extraction solvent determines the phytochemical makeup of the crude extract
[25]. In actuality, the test microorganism’s inhibitory activity varied according to how susceptible they were to antimicrobial
compounds found in algae extracts, compared to Gram negative bacteria; Gram positive bacteria were less susceptible. Different
cell wall transparency is the cause of the sensitivity differences between bacteria and fungi [8]. These results show the presence
of various ketones, alkenes, amines, and fatty acids extracted from Chara vulgaris, these compounds having various antibiotic
actions. Similar results were conducted by [10]. In the present study, fatty acids detected from Cladophora glomerata and Chara
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vulgaris significantly contribute to their bioactive capacity [9]. Furan compounds, which were isolated from algae for this study,
contain compounds that are effective antibiotics with antibacterial and anti-inflammatory properties; this outcome was in
agreement with [26]. Moreover, palmitoleic acid has also demonstrated antimicrobial activities and appears to have potent
antibiotic activity against pathogenic bacteria and fungi [27].

Table 3. GC-MS analysis of different compounds in an acetonitrile extract of Cladophora glomerata

Peak R.Time No. Compounds Chemical formula
1 29.605 1 Chloroacetic acid C20H39ClO2
2 30.700 2 3,7,11,15-Tetramethylhexadec-2-ene CaoHyo

3 2-Hexadecene, 3,7,11,15-tetramethyl- Ca0Hao
3 30.265 4 Hexadec-9-enoic acid, Palmitoleic acid C16H3002
4 33310 5 Hexadecanoic acid Ci6H3202
5 34145 6 Carbonic acid, eicosyl vinyl ester C23Hu03
6 35470 7 3,4-Dihydroxymandelic acid C20H4005S14
8  Hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl- C12H3305Si6
7 36.035 9 2(3H)-Furanone Ci6H3002
8 38.525 10 1-Naphthalenamine, N-phenyl- CigHisN
11 Quinoline CisHisN
9 39.605 12 17-Pentatriacontene CssHyo
10 40.340 13 2H-Pyran-2-one Ci14H2602
11 46.095 14 beta.-Glyceryl monostearate C21Hp04
12 47.340 15 Squalene CsoHso
13 48.210 16 Benzoic acid Ci6H3004S13

20



EDUSJ, Vol, 34, No: 4, 2025 (14-23)

Table 4. GC-MS analysis of different compounds in an acetonitrile extract of Chara vulgaris

Peak R.Time No. Compounds Chemical formula
1 11.635 1 d-Glycero-d-ido-heptose C7H 1404
2 27970 2 2-Butenedioic acid (Z)-, monododecyl ester Ci6H2304
3 29.375 3 6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one C11H,60;
4 32705 4 Oxacycloheptadec-8-en-2-one, (8Z)- Ci6H2302
5 32.810 5 1,8,11,14-Heptadecatetraene, (Z,2,Z)- C17Hos
6 33.045 6 9-Pentadecen-1-ol CisH300
7 33.300 7 n-Hexadecanoic acid, Hexadecanoic acid C16H3,02
8 43.655 8 Hexadec-9-enoic acid, Palmitoleic acid C16H3002
9 43940 9 2-Dodecenoic acid Ci12H» 02
10 45.085 10 trans-13-Octadecenoic acid CisH3402
11 51.100 11 6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one C11Hi603

4. Conclusion

The extraction of Cladophora glomerata was found to be more effective against all pathogenic bacteria, including
Escherichia coli and Staphylococcus aureus. Both Cladophora glomerata and Chara vulgaris exhibited higher minimum
inhibitory concentrations (MICs) against the fungus Candida albicans. Using gas chromatography—mass spectrometry (GC-MS)
to analyses the two algae species, this study identified several chemical compounds with antimicrobial properties that either
inhibit or kill pathogens. Among the substances found in the acetonitrile extracts of these algae genera were alkaloids, alcohols,
carboxylic acids, ketones, benzenes, amines, fatty acids, alkenes, furans, heterocycles, and other natural compounds. Acetonitrile
was used to extract compounds from the algae species, and the results showed that several algal taxa exhibit potent antibacterial
activity against both fungi and harmful bacteria.
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