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ABSTRACT:
Background: The worldwide increase in microbial resistance to

antibiotics necessitates immediate research on sustainable and
advantageous natural treatment alternatives.

Method: Algae isolated from the aquatic environment of Baqubah city
(Khreesan River and Othmania River ) and subsequently identified
using taxonomic references. The study utilized hexane and ethanol
solvents to extract by maceration and shaking. After that, analyze the
active compounds present in these algae species. After extraction, the
compounds were analyzed using Gas Chromatography-Mass
Spectrometry (GC-MS) to fully characterize their chemistry and
identify potential bioactive substances with therapeutic properties. To
determine the antimicrobial properties of the ethanol and hexane
extracts, in vitro experiments were conducted on three strains of
Klebsiella, two strains of Pseudomonas, two strains of Acinetobacter,
and , two strains of Candida albicans. They have also undergone
testing for antibiotic resistance.

Results: Cladophora glomerata and Mougeotia floridana are two
species of algae isolated from the environment. The GC-MS analysis
determined Several organic compounds, including phenolic
compounds, nitrogen compounds, hydroxylamines, aldehydes, fatty
acid methyl esters, diterpenoids, long-chain primary fatty alcohols,
long-chain fatty acids, aromatic solvents, phenylpropanes, and
alkanes. The findings revealed that the crude ethanolic extract of
Cladophora glomerata exhibited the highest activity at a
concentration of 100 mm/L, which was consistent with the
performance of its crude hexane extract at the same concentration.
Conversely, the crude ethanolic and hexane extracts of Mougeotia
floridana demonstrated superior activity only at a higher
concentration of 500 mm/L. When comparing the results of the algal
extracts with the antibiotic susceptibility test according to the CLSI
system, the algal extracts showed a remarkable superiority. This is
attributed to the fact that the tested microorganisms exhibited a high
level of resistance to conventional antibiotics.

Conclusion: Since antibiotic resistance is on the rise worldwide, these
algae have shown promise as potential alternative medicine projects.

KEYWORDS: Cladophora glomerata, Mougeotia floridana, GC-MS, Antibacterial, Antifungal.
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INTRODUCTION:
Throughout human history, infectious diseases have had a tremendous impact on society's

structure and the development of medical knowledge. Many diseases have had a horrific, deadly
impact throughout human history, such as the Spanish flu of 1918, which claimed the lives of more
than 50 million people, and the Black Death, which killed more than a third of Europe in the
fourteenth century (Lusk, et al.,2016; Chrystal, 2021). These catastrophes demonstrated how
vulnerable humans are to infections, which resulted in important developments in therapeutic
medicine (Theodosiou et al., 2023). The field of medicine underwent an enormous transformation
with the discovery of antibiotics. Penicillin was discovered in 1928, which opened the door to a great
deal of success in getting rid of infections (Elshobary et al, 2025). However, a new worldwide
epidemic known as antibiotic resistance arose as decades went by and antibiotics were overused. It
had to be managed using natural alternatives, the most significant of which is algae (Maji et al,
2025). Recently, one of the most important sources of natural products has been algae. Since algae
can survive and develop in fresh, salty, and brackish water, their ease of cultivation, quick growth,
short life cycle, and lack of competition for arable land are important, especially when compared to
terrestrial plants (Edward and David, 2010; Levasseur et al., 2020; Nova et al., 2020). Algae are a
fundamental and significant material for humans on an industrial, environmental, and therapeutic
level (Rani et al, 2018; Jung et al, 2019). It is abundant in natural compounds that might have
application in the medicinal and cosmetics sectors (Sathasivam et al, 2019). According to AAh
(2016), algal biomass accumulates bioactive substances as lipids, proteins, fats, phenols,
carbohydrates, enzymes, flavonoids, toxins, amino acids, fatty acids, growth regulators, and
pigments. Numerous properties, including antioxidant, antidiabetic, antibacterial, antiviral, anti-
parasitic, and cytotoxic activity, are exhibited by biologically active substances (Michalak, and
Messyasz, 2021). Cladophora spp. are a possible source of basic materials for cosmetic, dietary, and
medicinal uses, and believed that Cladophora extracts' antifungal and antibacterial qualities may
also result from the presence of thymol, a chemical that frequently appears in cosmetics (Horincar,
et al., 2014). This study aimed to collect algae from Baqubah city, extract them, and analyze them
using GC-MS. The sensitivity of these extracts to a range of pathogenic microbes was then tested, and

the efficacy of these extracts was compared with a range of commercial antibiotics.
Materials and Methods

Description of the study area
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Samples of macroalgae were collected from two freshwater river sites in Baqubah city (Khreesan
River and Othmania River) during October and November / 2023, as illustrated in Figures 1 and 2.
These sites are subjected to pollution from agricultural fertilizers and wastewater discharge, which,
according to Al-Abboodi (2018), increases the probability of algal presence. Furthermore,
environmental parameters such as water temperature, pH, and electrical conductivity were

measured, as presented in Table 1.

Figure 1: Location of the khreesan according to Google Maps08 GPS (33.745841,44.6468)

Figure 2:
Sample collection

In the current study. Large quantities of algal mats were taken and placed in sterile containers.
They were then transported to the laboratory and thoroughly cleaned with running tap water for
more than half an hour, with light rubbing to remove any suspended impurities and other

microorganisms, so that we could diagnose them (Milledge, et al, 2018).
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Table (1): Measurements of the studied environment within months

The Month Temperature pH Electrical conductivity (EC)
(€) (ppm)

Khreesan

October 20 7.8 258

Othmania

November 26.5 7.8 268

Algal identification

In order to be able to identify and confirm the genus and species of the algae isolated from the
water, several filaments were randomly selected from each sample and examined under a light
microscope at various magnifications. The presence of branching, the location of branching (if
present), the presence of a sporangium, the distribution of plastids within the cells, and whether the
algal filament was divided. By referring to classical taxonomic references, the species was confirmed

(Desikachary, 1959; Prescott, 1982; Mahdi and Al-Hussieny, 2022).

Preparation of algal extract

The following modified method was used to produce crude extracts of algae (Elnabris et al., 2013; Al-
Tmimi et al, 2018; Hashimi et al., 2022): Five grams of powdered algae were macerated and shaken

for seven days in 250 ml of 95% hexane and ethanol.

Analysis of Gas Chromatography-Mass Spectrometry (GC-Ms)

These experiments were carried out at the Basra Oil Company at Basra Governorate / Iraq to
identify the active compounds in microalgae extracts using GC-Ms (Agilent). And identified through
matching mass spectra to library spectra (Salman, 2018) as shown in table 2.

Antimicrobial susceptibility test

The method outlined below has been used to carry out the sensitivity test (CLSI, 2022). Five to six
colonies with a diameter of about 1 mm were chosen over a period of a day from a nutrient Agar
culture plate. The suspension was then injected into five milliliters of sterile saline, and its

turbidity was visually adjusted according to 0.5 McFarland standards. A swab made of sterile
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cotton wool was moistened with the modified inoculum suspension. On the inside surface of the
tube, the swab was rolled above the fluid surface to remove any remaining excess fluid. Stripping
was done on the Muller-Hinton Agar (MHA) surface to create a lawn out of the isolate. The
following antibacterial discs (CondalabTM) were used on Mueller-Hinton Agar: Trimethoprim -
sulphathiazole, Chloramphenicol, Trimethoprim, Nitrofurantoin, Tobramycin, Tetracycline,
Ampicillin, Imipenem, Clarithromycin, Azithromycin, Penicillin, Meropenem for Klebsiella
pneumoniae. Piperacillin, Piperacillin - tazobactam, Ceftazidime, Cefepime, Imipenem,
Trimethoprim - sulphamethoxazole, Gentamicin, Tetracycline, Amikacin, Ciprofloxacin,
Levofloxacin for Acinetobacter baumannii, and Pseudomonas aeruginosa. And fluconazole disk (25

pg) and Amphotericin B (20 pg) antifungal discs (CondalabTM).

Table 2: GC/MS conditions. (Satar, and Abdul-Jalil, 2022).

Instrument Agilent 5977A GC Mass Spectrometer

Analytical Column Agilent HP-5MSUI 30 m x 0.25 mm, 0.25 pum column
Injection volume 1ul

Pressure 11.933 psi

Temperature Transfer line temperature 100-350 °C

Ion source temperature 150-350 °C
Quadrupole temperature 106 -200 °C

Carrier Gas He 99.99%

Injector 250 °C Scan Range: m/z 25-1000
Temperature

Injection Type Split less Injection

Evaluation of the activities of crude algal extract against pathogenic microbes by the Agar well
diffusion method

The approach (Nesrullah, et al, 2023) was used to investigate the sensitivity of pathogenic
microorganisms to algal extracts.

To produce a suspension, five to six colonies were selected from a 24-hour-old culture of the
pathogenic microbe on a nutritional agar plate for bacteria and an SDA culture plate for Candida,
each with a diameter of approximately 1 mm. The following colonies were placed in 5 mL of
sterile saline; turbidity adjusted to 0.5 McFarland standards. The sterile cotton swab was
moistened with the modified inoculum suspension. The swab was then rolled along the inside
surface of the tube above the fluid surface to remove any excess fluid. The Muller-Hinton agar
(MHA) surface was streaked in order to create a lawn out of the isolates. A sterile cork borer was

used to make holes in the culture media that were 5 mm in diameter. 100 ul of the algal extract
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should be added to each hole using a micropipette (Two concentrations: 100mg/ml and

500mg/ml). The control is water. Following that, incubate the dishes for 24 hours at 37 °C.

Statistical Analysis

Statistical analysis of the experiments, the curves were drawn, and the ratios were calculated
using the Excel program, while the significant differences were determined using One-way
analysis of variance ANOVA were used to test group variance significance. Significance was

defined as p<0.01.

Results and Discussion
In the current study, two species of macro-algae were collected as follows: Mougeotia floridana,

Cladophora glomerata. Figures 3,4 show the isolated and identified algal species photographed
under a microscope in the Botany Laboratory in the Biology Department, College of Science,

University of Diyala.

Figure3: Mougeotia floridana with 400X magnification
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Figure4: Cladophora glomerata with 400X magnification

The studied geographical area lacks studies on the presence of algae and the biological diversity of
this aquatic environment. However, in other regions of Iraq, the presence of these two algae was
widespread, as this study agrees with the study (Aldaraji, 2015), which confirmed the presence of
Cladophora in five different areas in the Beat Zwana River in Diyala. The study (Al-Moula and
Dwaish, 2017) isolated Cladophora algae from water channels at the University of Baghdad. As well
as the study (Toma and Aziz, 2022), which found, through a biological survey, Mougeotia algae in
the city of Shaglawa/Erbil, northern Iraq. In addition to environmental factors, it should be noted
that the large biodiversity of algae is the significant rise in contaminants in freshwater, particularly
phosphates and nitrates, which are the main drivers behind the growth and reproduction of all
algae. As algae are a more valuable environmental indicator than other physical and chemical
indicators, the vast number of different species of algae is a potent bioindicator that demonstrates a

significant rise in pollutants (O'Neill and Rowan, 2022; Stoyneva-Gartner et al., 2023).

The Gas chromatography-mass spectrometry

This method is crucial for identifying various chemical and inorganic substances.

The (GC-MS) of ethanol Mougeotia floridana as figure (5) and Table (3)
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Figure 5: The GC-Ms Analysis of ethanol Mougeotia floridana
Table (3): The GC-Ms Analytical of Mougeotia floridana
NO | Chemical | Compounds Molecular | Area | Biological Ref
Class formula Pct | Activity
1 Fatty acid | Hexadecanoic acid, | C17H3402 3.6 Antibacterial Shaaban et al,
methyl ester 2021
2 Fatty acid | n-Hexadecanoic acid | C16H3202 4.1 Antibacterial Ganesan et al,
Antioxidant 2024
3 Organo Silane, CoH200Si | 1.8 | Anti- Chetehouna, et
silicon cyclohexyldimethoxy inflammatory al, 2024
methyl-
4 Polycyclic | Tetracyclo[6.1.0.0(2, | CisH24 1.5 |- | -
Alkane 4).0(5,7)]nonane,3,3,
6,6,9,9-hexamethyl-
(1L.alpha.2.alpha.4.al
pha.,5.beta.,7.beta.,8.
alpha.)-
5 alkanes Hexadecane C16H34 1.4 Lipase inducer | Miranda et al,
2024
6 Phthalate | Diethyl Phthalate C12H1404 | 1.1 Anti-Cancer Flocchetti et al.,
Ester 2021
7 Ketone aR-Turmerone C15sH200 1.3 | Cyto Megumi et
productive al, 2017
activity
8 alkanes Octadecane CigHss 1.5 | Antibacterial Rouis-Soussi et
al, 2014
9 Fatty acid | Tetradecanoic acid C14H2802 | 1.4 | Anti-Virulence | Juarez-
Properties Rodriguez et al.,
2021
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10 | Fatty acid | Hexadecanoic acid, | C17H3402 | 2.0 Anti-cancer Nisa et al., 2022
ethyl ester Antimicrobial Musa et al., 2015
11 | Fatty acid | Octadecanoic acid C18H3602 1.3 Antiviral Entigu et al,
2013
12 | Fatty Hexadecanamide C16H33NO | 1.6 | Anti- Baoetal, 2023
amide inflammatory
13 | Fatty 9-Octadecenamide, C1sHssNO | 8.1 | Hypolipidemic | Cheng et al,
amide (D)- 2010
14 | Fatty acid | Hexadecanoic acid, C19H3804 | 7.1 | Anti-bacterial Tyagi, and
ester 2-hydroxy-1- Anti- agarwal, 2017
(hydroxymethyl)eth inflammatory
yl ester
15 | Phthalate | Bis(2- C24H3804 | 2.2 | Antibacterial Javed et al .
ester ethylhexyl)phthalate and Larvicidal | 2022
16 | N-Oxide Methadone N-oxide | C21H27NO | 1.1 | -- ---
2
17 | Fatty acid | Octadecanoic  acid, | C21H4204 | 13.2 | Anti-biofilm Canlietal., 2023
monoeste | 2,3-dihydroxypropyl Anti-oxidant
r ester Anti-bacterial
18 | Phosphite | Phenol, 2,4-bis(1,1- | C42He303P | 7.1 Anti- Renetal, 2018
ester dimethylethyl)-, Phytopathogeni
phosphite (3:1) c Fungi
19 | Aryl Tris(2,4-di-tert- C42He303P | 10.6 | Toxic Kang et al., 2025
Phosphat | butylphenyl)
e phosphate

The (GC-MS) Analysis of hexane Mougeotia floridana as figure (6) and Table (4)
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Figure 6: The GC-Ms Analysis of hexane Mougeotia floridana
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Table :(4) The GC-Ms Analytical of Mougeotia floridana

No | Chemical | Compounds Molecula | Area Biological Ref
class r formula | Pct Activity
1 Organo Silane, CoH200Si | 1.9 - -
silicon cyclohexyldimethoxymet
hyl-
Y Alkane Pentacosane CssHs2 1.1 Anticancer Mishra et al,
2019
3 | Alkane Hexadecane C16H3z4 1.2 Lipase Boekema et
production al, 2007
4 | Phthalate | Diethyl Phthalate C12H1404 | 1.2 Adipogenisis | Mondal et al,
Ester inhibitor 2024
5 Ketone aR-Turmerone C15H200 1.4 Antimicrobia | Lee, 2006
1
6 | Haloalkan | 2-Bromo dodecane Ciz2H2ser | 1.6 Fatty  acid | Hamilton et
e procusor al., 1995
7 saturated | Pentadecanoic acid, 14- | C17H3402 | 3.7 anticancer, Momodu, et
fatty acid | methyl-, methyl ester antioxidant, | al. 2022
methyl antimicrobial
ester , anti-
(FAME androgenic,
anti-
inflammator
y and
hepatoprotec
tive
properties.
8 | Fattyacid | n-Hexadecanoic acid C16H3202 | 3.6 Anti Aparna et al,
inflammator | 2012
y
9 | Fatty acid | Hexadecanoic acid, ethyl | C19H3804 | 1.3 Anti-viral Sagna et al,
ester ester 2023
10 | Alkane Heptadecane C17H36 1.7 Antibacterial | Abdel-Hady et
Cytotoxic al, 2016
11 | Fatty acid | Octadecanoic acid C1sH3602 | 1.1 Antiviral Entigu et al,
2013
12 | Fatty 9-Octadecenamide, (Z)- | C1s8HssNO | 9 Hypolipidem | Cheng et al,
amide ic 2010
13 | Fatty acid | Hexadecanoic acid, 2- | Ci9H3804 | 5.5 Anti- Manaswini et
hydroxy-1- microbial al, 2025
(hydroxymethyl)ethyl Cytotoxic
ester
14 | Phthalate | Bis(2-ethylhexyl) C24H3804 | 2.3 Antibacterial | Javed et al
Ester phthalate and ,2022
Larvicidal
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15 | Indole 1H-Indole, 5-methyl-2- | CisH1sN | 1.1 Antibacterial | Modi and Jain,
derivative | phenyl- Antioxidant | 2019
16 | Fatty acid | Octadecanoicacid,2,3- C21H4204 | 10.7 Anti-biofilm | Canli et
monoester | dihydroxypropyl ester Anti-oxidant | al,2023
Anti-
bacterial
17 | Treterpen | Squalene CzoHso 1.1 Antioxidant | Cheng et al,
es 2024
18 | Phosphite | Phenol, 2,4-bis(1,1- | C42He303 | 4.6 Antifungal Devi et al,
ester dimethylethyl)-, P 2021
phosphite (3:1)
19 | Aryl Tris(2,4-di-tert- C42He303 | 11.8 Toxic Kang et al,
Phosphate | butylphenyl)phosphate | P 2025

The (GC-MS) Analysis of ethanol Cladophora glomerata as figure (7) and Table (5)
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Figure 7: The GC-Ms Analysis of ethanol Cladophora glomerata
Table (5) The GC-Ms Analytical of Cladophora glomerata
No | Chemical class | Compounds Molecula | Are | Biological Ref
r formula | a Activity
Pct
1 Organo silicon | Silane, CoH200Si | 1.9 | - -
cyclohexyldimethoxymet
hyl-
2 alkanes Pentacosane C2sHs2 1.2 | Pheromone Sun et al,
2017
3 alkanes Hexadecane C16H34 1.8 | Alkane Nie et al,
metabolism 2017
substrate
4 Phthalate Diethyl Phthalate C12H1404 | 1.8 | Anti-Cancer Flocchetti
Ester etal., 2021
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5 bromoalkanes | -YBromo dodecane Ci2H2sBr | 1.7 | Biodegradation | Shah et

al,2024

6 saturated fatty | Pentadecanoic acid, 14- | C17H3402 | 3.8 | anticancer, Momodu, et

acid  methyl | methyl-, methyl ester antioxidant, al, 2022
ester (FAME) antimicrobial,

anti-

androgenic,

anti-

inflammatory

and

hepatoprotecti

ve

properties.

7 fatty acid n-Hexadecanoic acid C16H3202 | 3.7 | Anti-biofilm Senthil et
Quorum al.,2025
sensing
inhibitor

8 Fatty acid | Hexadecanoic acid, ethyl | C1sH3607 | 1.5 | Anti-cancer Nisa et al,

Ester ester Antimicrobial | 2022
Musa et al.,
2015

9 Alkane Heneicosane C21Ha4 1.6 | Micro biocidal | Vanitha et
Anti-biofilm al., 2020

10 Fatty amide Octadecenamide, (Z) %- | CisHssN | 9.3 | Hypolipidemic | Cheng et al.,

0 2010
11 Monoacylglyc | Hexadecanoic acid,2- | C19H3804 | 5 Anti microbial | Manaswini
erols hydroxy- Cytotoxic etal.,2025
1hydroxymethyl)ethyl
ester
12 Phthalate Bis(2-ethylhexyl) C24H3804 | 2.8 | Antibacterial Javed et al .,
Ester phthalate and Larvicidal | 2022
13 Amine-N- Methadone N-oxide C21H27N | 1.4 | antioxidant Ekeanyanw
Oxided 02 and u et al,
neuroprotectiv | 2024
e effects
14 Monoglycerid | Octadecanoic acid, 2,3- | C21H4204 | 9.6 | Anti-biofilm Canli et al,
e dihydroxypropyl ester Anti-oxidant 2023
Anti-bacterial
15 Triterpene Squalene C3oHs0 1.1 | Antioxidant Kim et al,
hydrocarbone Antioxidant 2012
16 Phosphite Phenol, 2,4-bis(1,1- | C42He303 | 5.6 | Antifungal Devi et al,
ester dimethylethyl)-, P 2021
phosphite(¥:))

17 Phosphite Tris(2,4-di-tert- Ca2He303 | 12. | Antioxidant Shi et al,

ester butylphenyl) phosphate P 8 and stabilizer | 2020
in food
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The (GC-MS) of hexane Cladophora glomerata as figure (8) and Table (6)

Abundance TIC: S1.D\data.ms

2e407! 25571 28074

159*07? %718

1407/ 21.597

12217

19.358

50000001 16,869, o8
50 VPl
Lo, S0 B0 N0 RO 0D 600 B0 DM ZO) A0 AW BN AN T M KO RO 00 LN 4D 60 60
Figure 8: The GC-Ms Analysis of hexane Cladophora glomerata
Table (6): The GC-Ms Analysis of hexane Cladophora glomerata
No | Chemical Compounds Molecular | Area | Biological Ref
class formula Pct Activity
1.| alkanes Pentacosane Cz2sHs2 1.4 Antibacterial | Marrufo et
al, 2013
2.| Alkane Tetradecane C14H3o0 1.1 Antibacterial | Nasr et al,
2022
3.| Terpenoid -YMethyl-4-(1- C12H2003 | 2.3 - -
ester acetoxy-1-
methylethyl)-
cyclohex-2-enol
4.| Alkanes Hexadecane C16H34 2.5 Support Perera et al,
microbial 2019
degradation
5.| Terpenoid Benzene, 1-(1,5- | CisH22 1.3 antibacterial | Ohaegbu, et
aromatic dimethyl-4-hexenyl)- activity al, 2022
compound 4-methyl-
6.| Alkanes Heptadecane C17H3e 2.4 Antimicrobial | AlZahrani,
2025
7.| Alkane aR-Turmerone C15H220 1.4 Anti-caner Lee, 2009
8.| Alkane Heneicosane C21Ha4 2.8 Microbicidal | Vanitha et
al, 2020
9.| Fatty acid Tetradecanoic acid C14H2802 | 3.1 Anti Juarez-
virulence Rodriguez et
properties al,, 2021
1Q Aliphatic 2-Pentadecanone, C18H360 5.3 Antibiofilm Alkuwayti,
ketone 6,10,14-trimethyl- 2023
13
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11 Fatty acid | Hexadecanoic acid, | C17H3402 | 4.8 Anti bacterial | Shaaban et
Methyl ester | methyl ester al, 2021
17 Fatty acid n-Hexadecanoic acid C16H3202 | 5.1 Anti-fungal Hrichi et
Anti biofilm al.,2022
13 Alkane Heneicosane C21H44 1.4 Anti- Khan  and
inflammatory | Sharma,
2020
14 Alkane Eicosane C20H42 1.7 Anti-biofilm Beema
Anti adhesion | Shafreen et
al, 2022
15 Branched Octadecane, 2,6,10,14- | C22H4e 1.4 anti- Frahtia, and,
Alkane tetramethyl- inflammatory | Niemann,
antioxidant 2024
16 Branched Dodecane, 4-methyl- C13Hzs 2.2 antibacterial | Ajijolakewu,
Alkane potential etal, 2024
17 Long chain | Hexadecanoic acid, 2- | C19H3804 2 Ant Alcer Syed et al,
fatty acid hydroxy-1- 2024
(hydroxymethyl)ethyl
ester
1§ Halogenated | 1-lodo-2- C12Hozsl 2.3 Estrogen Achiraman
Alkane methylundecane dependent etal, 2010
pheromone
19 N-oxide Methadone N-oxide C21H27NO2z | 1.6 Antioxidant Ekeanyanwu
etal, 2024
2( Phosphate Phenol,  2,4-bis(1,1- | C42He303P | 6.4 Anti- Tyagi et al,
ester dimethylethyl)-, enterococcal | 2021
phosphite (3:1) Anti-oxidant
21 Organa Tris(2,4-di-tert- C42He303P | 6.2 Autophagy Chen et al,
Phosphate butylphenyl) induction 2025
ester phosphate

The species of Pathogenic Microbes

Pathogens used: Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and

Candida albicans isolates were obtained from the postgraduate laboratory in the Biology Department,

College of Science, University of Diyala. The diagnosis was confirmed through differential media and

biochemical tests.

The Effect of Antifungal agents

This study investigated the effects of two antifungal agents: fluconazole disk (25 g) and

amphotericin B (20 g). Figures below (9) and Table (7) show the results of antibiotic therapy for

each isolate.
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Figure 9: The Antifungal agent effect of two kinds (Amphotericin B (20 mg) and Fluconazole disk (25
mg)) on the isolate of C. ablicans.

Table (7) The Antifungal agent effect of two kinds (Amphotericin B (20 mg) and Fluconazole disk (25
mg)) on two isolates of C. ablicans.

Name of Sample Fluconazole Amphotericin B
C. albicans 1 40 26
C. albicans 2 0 40

In hospitals, fungal infections have increased alongside bacterial infections due to the development
of antifungal resistance. (Brown et al.,, 2012; Roy et al., 2023). Candida spp. is the most significant
fungal infection known to exist worldwide. because practically every organ in the body is susceptible
to its spread. As a result, Candida species infections provide a serious threat to public health.
According to Kaur and Nobile (2023), one of the species of Candida that is most common in the human
microbiome is Candida albicans. It asymptomatically colonizes the mouth, skin, genitourinary system,
and gastrointestinal tract, among other parts of the body. The connection between Candida infections
and biofilms is one of the primary causes of their severity. They are resistant to higher doses of
antifungal drugs, making biofilm infections challenging to treat. because their complex three-
dimensional Biofilms offer their individuals the perfect environment. Additionally, only a few types of
antifungal medications are available for treating patients with invasive fungal infections. (Bohner et

al,, 2022; Kaur and Nobile, 2023).

Antibiotic susceptibility of isolated bacteria (Disc diffusion)

The antibiotic sensitivity of three different pathogenic bacterial species—Klebsiella pneumoniae,
Acinetobacter baumannii, and Pseudomonas aeruginosa—was investigated. To determine an isolate's
susceptibility to or resistance to the antibiotics currently used in healthcare settings, sensitivity tests
were conducted against 11 groups of antibiotics for Acinetobacter baumannii & Pseudomonas

aeruginosa, and 14 for Klebsiella pneumoniae. Figure 10: Isolated bacteria's susceptibility to
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= Klebsiella pneumonti

Figure 10: Antibiotic susceptibility of bacteria

P. aeruginosa & A. baumannii, based on previous studies, are widely produced beta-lactamase
enzymes, biofilms, and efflux pumps, among other mechanisms, which contribute to their resistance
to antibiotics. Additionally, it carries its R-resistance plasmids, which are packed with genes that
resist antibiotics (Pang, et al., 2019; Pachori, et al., 2019). Additionally, the concentration of antibiotics
inside the cell can be decreased by constricting the channels in the outer membrane (Zahn et al., 2016;
Kyriakidis et al., 2021). Moreover, Klebsiella pneumoniae, which belongs to the Enterobacteriaceae
family, developed resistance to antibiotics through several mechanisms. It involves using the beta-
lactamase enzyme to analyze the antibiotics and reduce their permeability into the cell. and reducing

the enzyme's affinity for them, Penicillin Binding Proteins (Manolitsis et al., 2023; Su et al., 2023).

Antimicrobial activity of extracts (ethanol and hexane) of Mougeotia floridana & Cladophora
glomerata

In the current study, all isolates (P. aeruginosa, A. baumannii, and K. pneumoniae and Candida spp.)
were inhibited by the crude extracts of two algae. The highest value of inhibition zone is 90mm in (P.

aeruginosa, A. baumannii, and Candida Spp), while the lowest value of inhibition zone is 20 mm with
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(Candida Spp). Table 8 shows the inhibition zone of all isolates. Figures (11, 12, 13, 14, 15) below
describe the effect of the hexane and ethanol extract. of Mougeotia floridana and Cladophora
glomerata on all isolates.

**According to the analysis of variance, Statistical analysis revealed a highly significant variation

among the tested groups (p = 0.01).

The effect of crude extracts (ethanol and hexane) of Mougeotia floridana and Cladophora

glomerata
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albicans albicans

8

20
80
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60
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40
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10

Pseudomonas Acinetobacter Acinetobacter
aeruginosa baumannii baumannii

Inhibition zone diameter (mm)

o

Pseudomonas
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Klebsiella
pneumoniae

Klebsiella
pneumoniae

Klebsiella
pneumoniae

Pathogenic Microbes

M Ethanol Cladophora 100 mg/ml M Ethanol Cladophora 500 mg/ml (mm) ® Hexane Cladophora 100 mg/ml Hexane Cladophora 500 mg/ml (mm)
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Figure 11: The effect of crude extracts (ethanol and hexane with Two concentrations) of Mougeotia
floridana and Cladophora glomerata on all isolates of microbes

Table 8: The effect of crude extracts (ethanol and hexane with Two concentrations) of Mougeotia
floridana and Cladophora glomerata on all isolates of microbes

Ethanol | Hexane | Hexane | Ethanol | Ethano | Hexane | Hexane
Cladoph | Cladoph | Cladoph | Mougeo |1 Mougeo | Mougeoti
Ethanol | 5,5 500 | ora 100 | ora 500 | tia 100 | Mouge |tia 100 |a 500
Cladoph | jo/ml | mg/ml | mg/ml | mg/ml | otia mg/ml | mg/ml
Name of ora 100
sample (mm) (mm) (mm) (mm) 500 (mm) (mm)
mg/ml mg/ml
Klebsiella 45 32 42 33 40 30 30 40
pneumoniae
Klebsiella 50 55 35 45 80 55 40 40
pneumoniae
17
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Klebsiella 55 36 33 50 50 27 65 64
pneumoniae
Pseudomonas 38 40 35 55 50 38 43 48
aeruginosa
Pseudomonas 90 70 60 67 50 62 90 70
aeruginosa
Acinetobacter | 70 90 90 70 90 70 85 75
baumannii
Acinetobacter | 45 37 40 35 40 25 50 45
baumannii
Candida 38 40 48 43 90 70 90 90
albicans 1
Candida 90 90 90 90 20 81 25 30
albicans 2

P-value = 0.997664. According to the analysis of variance, at a significant 0.01 **,
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Figure 12: The effect of crude extracts (A. Hexane extract of Mougeotia floridana, B. Hexane extract of
Cladophora glomerata, c. Ethanol extract of Mougeotia floridana, D. Ethanol extract of Cladophora
glomerata) on all isolates of Klebsiella pneumoniae
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Figure 13: The effect of crude extracts (A. Hexane extract of Mougeotia floridana, B. Hexane extract of
Cladophora glomerata, c. Ethanol extract of Mougeotia floridana, D. Ethanol extract of Cladophora
glomerata) on all isolates of Acinetobacter baumannii
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Figure 14: The effect of crude extracts (A. Hexane extract of Mougeotia floridana, B. Hexane extract of
Cladophora glomerata, c. Ethanol extract of Mougeotia floridana, D. Ethanol extract of Cladophora
glomerata) on all isolates of Pseudomonas aeruginosa
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Figure 15: The effect of crude extracts (A. Hexane extract of Mougeotia floridana, B. Hexane extract of
Cladophora glomerata, C. Ethanol extract of Mougeotia floridana, D. Ethanol extract of Cladophora
glomerata)on all isolates of Candida albicans

Algae can produce several secondary metabolites that are physiologically active against a range of
pathogenic bacterial and fungal strains, which may help explain their antibacterial capabilities. The
research results showed that the algal extract affected the used microorganisms. In the current
investigation, the crude extract of two algae inhibited every bacterial isolate that exhibited antibiotic
resistance. Gram-negative bacteria's reaction is because the extract can penetrate their cell wall due to
its few layers. Additionally, the protein enzyme phosphatase, which is essential for transferring

chemicals into the organism's body, is blocked by the algae extract, which also inhibits the negative
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bacteria (Gram stain) (Salman, 2024). The results of this study agree with previous studies conducted
by Mohammed et al. (2024), which showed the antibacterial activity of C. glomerata alcohol extract
against five distinct bacterial species. Additionally, research conducted in Thailand by Laungsuwon
and Chulalaksananukul (2014) showed that hexane and ethyl acetate extract of C. glomerata was
effective against Vibrio parahaemolyticus and Bacillus cereus. Many compounds are shown in Tables 2,
3, 4, and 5of the GC-MS analysis. Among these compounds are alkanes such as heneicosane and chain
alkanes that have been shown to have antibacterial activity in a study by Vanitha et al. (2020). Since
heneicosane is non-polar and can integrate into lipid bilayers, it can increase membrane fluidity,
weaken structural integrity, and impair the functions of membrane-associated proteins. This
mechanism of action is linked to the hydrophobic interaction between alkanes and microbial
membranes (Thawabteh et al., 2024). These algae also contain a lot of fatty acids with antibacterial
properties, like n-hexadecanoic acid. According to the theory, these compounds mostly affect the cell
membrane. The permeability of the membrane increases as holes enlarge. Cell death results from the
dissolution of the protein membrane. Fatty acids may increase oxidative stress by interfering with
respiratory enzymes and electron transport (Wei et al,2023). According to El-Adl et al. (2022),
transmission electron microscopy demonstrated that fatty acids from C. glomerata and C. vieillardii

induced structural damage to K. pneumoniae, including membrane disorder and cell deformation.

CONCLUSION

This study's findings indicate that two algae species, Mougeotia floridana and Cladophora glomerata,
show strong antimicrobial properties against isolates obtained from the University of Diyala's College
of Science. Since antibiotic resistance is on the rise worldwide, these algae have shown promise as a
source for new drugs. According to a chemical investigation by (GC-MS), this is because of the
biologically beneficial chemicals it contains
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