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Abstract:

Macroalgae have a wide range of natural compounds which have natural antioxidants.  In 
this study, four concentrations of the ethanolic extract of the chlorophyta-related macroalga 
Spirogyra aequinoctialis were tested in vitro to evaluate their ability on the growth inhibition of 
Candida species. Results showed that the ethanolic extract has a strong and widespread inhib-
itory impact on Candida albican. The diameter of the inhibition zone (in millimeters) against 
Candida albican was ranged between (32-10) mm also It’s interesting to note that some con-
centrations had greater antifungal activity when compared to the trademarked antifungal drugs 
Nystatin and Clotrimazole. Chemical analyses showed that the active chemical compounds for 
hot ethanol extract alga (Spirogyra aequinoctialis) extract was contains alkaloids, phenols , 
Tannins , Flavones, Resins , Saponines and Flavones. The ethanol extract was further chemical-
ly characterized by using GC–MS in order to be tentative identify the compounds responsible 
for such activities. The main compositions were Decenoic  acid, Pyrimidine, Tetradecanoic 
acid, Heptane, and Boranamine compounds which had antimicrobial activity. Acetone extract 
of Spirogyra aequinoctialis exhibited appreciable antimicrobial activity. This mean that could 
be a source of valuable bioactive materials for health products. The current study confirmed that 
macroalgae (Spirogyra aequinoctialis) ethanolic extract could be potentially used as antimicro-
bial agent.

KEY WORDS: ALGAE,FUNGI,ACTIVE COMPOUNDS .

التحري في النشاط المضاد للمبيضات البيض 
.Spirogyra aequinoctialis للمستخلص إلايثانولي للطحالب الكبير

ثائــر حميــد خليل و أحمد ســاهي دويش 
قســم علــوم الحيــاة – كليــة العلــوم – الجامعــة المســتنصرية –بغداد – العراق 

مستخلص:

تحتــوي الطحالــب الكبــرة عــى مجموعــة واســعة مــن المركبــات الطبيعيــة التــي تحتــوي عــى مضــادات الأكســدة 
الطبيعيــة. في هــذه الدراســة ، تــم اختبــار أربعــة تراكيــز مــن المســتخلص الإيثانــولي مــن الطحالــب الكبــرة العائــدة الى 
ــات.  ــواع المبيض ــو أن ــط نم ــى تثبي ــا ع ــم قدرته ــر لتقيي ــراء  Spirogyra aequinoctialis في المخت ــب الخ ــعبة الطحال ش
ــراوح  ــط قــوي وواســع الانتشــار عــى المبيضــات البيضــاء. ت ــر مثب ــه تأث ــولي ل ــج أن المســتخلص الإيثان أظهــرت النتائ
قطــر منطقــة التثبيــط )بالمليمــرات( ضــد المبيضــات البيضــاء بــن )10-32( ملــم ، ومــن المثــر للاهتــام أيضًــا ملاحظــة 
أن بعــض التركيــزات كان لهــا نشــاط مضــاد للفطريــات أكــر عنــد مقارنتهــا بالعقاقــر المضــادة للفطريــات Nystatin و 
Clotrimazole. أظهــرت التحليــات الكيميائيــة أن المركبــات الكيميائيــة الفعالــة لمســتخلص الايثانــولي الحــار لطحلــب 
ــدات ، فينــولات ، تانــن ، فلافــون ، راتنجــات ، صابونــن وفلافــون.  )Spirogyra aequinoctialis( تحتــوي عــى قلوي
تــم وصــف مســتخلص الإيثانــول كيميائيًــا باســتخدام GC-MS مــن أجــل تحديــد مؤقــت للمركبــات المســؤولة عــن مثــل 
هــذه الأنشــطة. التركيبــات الرئيســية هــي حمــض ديســينويك ، بيريميديــن ، حمــض تتراديكانويــك ، هيبتــان ، ومركبــات 
 Spirogyra ــن ــيتون م ــتخلص الأس ــج إلى أن مس ــذه النتائ ــر ه ــات. تش ــاد للميكروب ــاط مض ــا نش ــي له ــن الت البورانام
aequinoctialis أظهــر نشــاطًا مضــادًا للميكروبــات ملحوظًــا ويمكــن أن يكــون مصــدرًا للمــواد الحيويــة النشــطة 
Spirogyra aequinoctia� )للمنتج�ـات الصحي�ـة. أك�ـدت الدراس�ـة الحالي�ـة أن المس�ـتخلص الإيثان�ـولي للطحال�ـب الكبيـرة) 

ــات. lis( يمكــن اســتخدامه كعامــل مضــاد للميكروب
كلمات مفتاحية : طحالب – فطريات – مركبات فعالة .



190Investigate the anti-Candida albicans activity of an ethanolic extract of the macroalgae 
Spirogyra aequinoctialis.  ...............................................  Thaeer H.Khleel     &    Ahmed S.Dwaish

Introduction :
Algae are common and widespread 

in the water bodies of various coun-
tries. It could be possible to categorize 
macro-algae through their nutrients and 
chemicals contain. Some marine organ-
isms, including seaweeds, have been 
examined upon as potential sources of 
pharmacological main metabolites. (1). 
Algal extracts were found to be highly 
active against Candida albicans, and 
the same results were achieved against 
other fungal strains (2 , 3). (4) Using 
paper disc agar diffusion methods, test-
ed the antimicrobial and antifungal ef-
fects of ethanolic crude extracts from 
seven marine algal species (Cladopho-
ra glomerata, Enteromorpha linza, 
Ulva rigida), Cystoseira barbaden-
sis, Padina pavonica, and Rhodophy-
ceae (Corallina officinalis, Cerami-
um ciliatum) found along the coast of 
Vona. When (5) obtained antimicrobial 
agents from 23 species of marine algae 
belonging to the Chlorophyta, Phae-
ophyta, and Rhodophyta using three 
different solvents (ethanol, acetone, 
and methanol-toluene), they found 
that the ethanol extract had the high-
est antibacterial and antifungal activi-

ties and the methanol-toluene extract 
had the lowest. The Rhodophyta genus 
includes four species with broad-spec-
trum antimicrobial activity: Laurencia 
okamurai, Dasya scoparia, Gratelou-
pia filicina, and Plocamium telfairiae. 
Extracts from seaweeds had a greater 
impact in inhibiting bacterial growth 
than fungal growth, while Rhodophyta 
species had the highest antimicrobial 
and antifungal activity. Some green, 
red, and brown seaweeds were iden-
tified as possible sources of antibiotic 
compounds, according to a report from 
(6). Green algae were shown to be the 
most effective antibacterial agents (7). 
(8) investigated the presence of bio-
active phytochemicals in green algae 
(Chlorococcum humicola) and the anti-
microbial activity of these compounds 
using a variety of organic solvents, and 
they found that organic extracts of C. 
humicola had potent effects against the 
pathogenic fungal strains of C. albi-
cans and A. flavus.

Five different types of seaweed 
were extracted using petroleum ether, 
benzene, chloroform, ethanol, eth-
yl acetate, and water, and all of the 
extracts showed antifungal activity. 
Eleven human infections and five fish 
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pathogens were tested for resistance 
to nine different solvents of algal ex-
tracts (10). When compared to extracts 
made using different solvents, the ace-
tone extract of Ulva lactuca exhibited 
the widest range of antibacterial activ-
ity. Researchers from Bejaia, Algeria, 
looked into the antifungal properties 
of four different marine algae species 
and found that all of the extracts tested 
showed antifungal activity; however, 
the red algae Rhodomela confervoides 
and the brown algae Padina pavoni-
ca had the greatest inhibiting effect 
against Candida albicans (inhibition 
zone: 24 mm) and Mucor ramanian-
nus (inhibition zone: 26 mm), respec-
tively. Ulva lactuca (Chlorophyceae) 
was shown to be more effective as an 
antibacterial agent than Jania rubens 
(Rhodophyceae), according to a study 
(12).Thirteen researchers tested the ef-
fectiveness of extracts from nine ma-
rine macroalgae (three Rhodophyceae 
species, four Chlorophyceae species, 
and two Phaeophyceae species) found 
in Abu-Qir bay (Alexandria) against 
various microorganisms. The variety 
of algae seen in Iraq is remarkable. Ac-
cording to the existing literatures, anal-
yses of antifungal properties of Iraqi 

algae have been ignored. Therefore, 
the purpose of this research is to inves-
tigate the potential therapeutic value 
of biologically active substances pro-
duced by extract of macroalgal species 
collected in Baghdad, Iraq.

Materials and Methods:
Study area and algal samples col-

lection:
From  September to October of 

2022, macro-algae were collected by 
hand from the Tigris River in the Rash-
ididia regni of Baghdad, Iraq. All sam-
ples were placed polyethylene bags and 
transported directly to the laboratory 
for diagnosis and description using 
standard reference and taxonomy keys 
(14). After that  algae was , cleaned of 
epiphytes, unwanted waste, and  de-
caying tissue in the field, then washed 
completely with water, and stored in 
the shade for 7 days.

Preparation of extracts: 
The shade-dried macro algae was 

ground and kept frozen. After filling 
the thimble with 20g of powder, 8 hours 
were spent using a Soxhlet device to 
extract the substance from 400ml of 
Ethanol solvent. For later analysis, the 
crude extracts were kept in an airtight 



reagent bottle.
Culture media:
Potato dextrose agar (PDA) and 

Sabouraud dextrose agar (SDA) were 
used and prepared according the man-
ufacturer details, Combine all ingre-
dients in ~900 ml of deioinized water, 
adjust to pH 5.6 with hydrochloric acid 
and adjust final volume to 1 liter, heat 
to boiling to dissolve the medium com-
pletely,autoclave at 121ºC for 15 min-
utes. Cool to ~45 to 50°C and pour into 
petri dishes or tubes for slants.

Candida albicans :
Candida albicans were obtained 

from the postgraduate Bio-lab at the 
College of Science at Dialla University 
in Iraq to use in the following experi-
ments. Five different antifungal drugs 

(table 1) were tested for their sensitivi-
ty to each of these pathogens.

Antifungal activity assay:
Efficacy antifung of algal extract 

was tested in vitro with use the well 
diffusion method (15). Fungal growth 
inhibition rings around the well are 
measured in millimeters to express the 
results. The solvent DMSO was em-
ployed as a placebo. Experiment-to-ex-
periment comparison data are present-
ed as the mean with standard error, 
and all tests were run in triplicate with 
halos larger than 10 mm deemed to be 
positive.

Indicators of Active Compound in 
Extract :
Algae were tested using established methods 
(16, 17) to identify the presence of active chem-
ical substances.

result

M
etroconazol

Fluconazol

K
etoconazol

C
aspofangn

A
m

photricn B

Sources.samples

RRRISUrineC. albicans1
SSSSSUrineC. albicans2

MDRRRRIRStoolC. albicans3
RRRRSStoolC. albicans4

MDRRRRRRUrineC. albicans5
MDRRRRRRVaginal swapC. albicans6

RRSSSBurnC. albicans7
RRRSSStoolC. albicans8

MDRRRRRSUrineC. albicans9
RRSSSUrineC. albicans10
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Gas Chromatography-Mass Spec-
trometry :

GC-MS analysis was performed us-
ing a high-temperature column from 
Agilent Technologies, with initial col-
umn temperature set at 100°C. A 5 L 
sample volume was injected, and oven 
temperatures were raised to 225°C and 
300°C. Mass spectra were recorded 
and analyzed using Agilent GC-Mass 
Solution and postrun software. Chemi-
cals were identified by comparing their 
masses to NIST database and genuine 
standards. (15).

Results and discussion:
Morphological Structure of algae:
Spirogyra aequinoctialis is a type of 

green algae that float freely in freshwa-
ter environments such as ponds, lakes, 
and other similar environments. In 
common usage, Spirogyra are referred 
to as “water silk” or “pond silk” (Fig-
ure 1). They have a vegetative structure 
that is unbranched and filamentous all 
throughout. There are around 400 dis-
tinct species of the genus Spirogyra. 
The distinctive spiral chloroplasts that 
are found inside the cells of algae (Fig-
ure 2) inspired the naming of the genus 
Spirogyra (18,19).

Spirogyra aequinoctialis species 

have rapid response times, easy iden-
tification by experienced biologists, 
and simple sampling. They exhibit tol-
erance or sensitivity to environmental 
changes, as noted by the US Environ-
mental Protection Agency. (20).

Figure (1):  Spirogyra aequinoc-
tialis in nature after isolate.

Figure (2):  Spirogyra aequinoc-
tialis under microscope (40X) .

Antifungal activity:
Antifungal of  Chlorophyta mac-

roalga Spirogyra aequinoctialis was 
evaluated against ten  different strains 
of Candida albicans. The efficacy of 
Spirogyra aequinoctialis differed build 
on  the difference between  isolates of 
C. albicans used in the studies. Effects 



of Spirogyra aequinoctialis extract 
(ethanol extract) at four different con-
centrations that the ethanolic extract 
has a strong and widespread inhibito-
ry impact on Candida C. albican(Table 
2). According to the results of the cur-
rent assessment, it appears that the eth-
anolic extract has a strong and wide-
spread inhibitory impact on Candida 
albican. The diameter of the inhibition 
zone (in millimeters) against Candida 
albican was measured to evaluate the 
antifungal activity of Spirogyra aequi-
noctialis (Chlorophyta) in extracts of 
different treatments.(Table2). Notably, 
the colony diameter of the examined 
pathogenic fungi was significantly re-
duced by the ethanolic extract of Spi-
rogyra aequinoctialis, which contrasts 
with the results of the sensitivity test 
for these isolates, most of those that 
were resistant to antifungal drugs. The 
current findings were consistent with 
those of (21) who found that extracts 
of some algae displayed more antifun-
gal action than common drugs against 
C. albicans. Several authors found 
conflicting findings on the antifungal 
effects of algae extracts on various 
Candida species. This is significant 
since (22) found that seaweed extracts 

made with methanol were the most ef-
fective against C. albicans. In con-
trast, the anti-Candida activity of the 
ethanol extract of both algae is moder-
ate. Extracts of green algae in acetone, 
methanol, and chloroform revealed no 
action against C. albicans, however 
(8) reported opposite results. All of the 
above mentioned may have occurred 
because of the season, location, and 
isolate solvent employed for the algae.

Phytochemical evaluation: 
According to the findings, the Spi-

rogyra aequinoctialis the extract of 
ethanol contains active chemical com-
pounds. Alkaloids, phenols, flavo-
noids, resins, saponine, and tannins 
were found in S. aequinoctialis ex-
tract. Table 3 indicates that no couma-
rins nor glycosides were present. They 
examined the most chemically active 
compounds in macro algae, and their 
findings matched those of a number of 
other studies (15).
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GC-MASS analysis:
Extracts that had notable antimicrobi-

al activity were investigated by biochem-
ical research to identify the structures 
and identities of the chemicals respon-
sible for their bio-activity. Table 4 and 
Figure 3 both show that identifying nat-

ural organic substances requires exam-
ination using Gas chromatography-mass 
spectrometry (GC-MS). Extract of Spi-
rogyra aequinoctialis was chemically 
analyzed using GC-MS to identify the 
active components responsible for the 
extract’s apparent biological activity.

Table(3): Presence or absence of active compounds in Spirogyra aequinoctialis extract.

Chemicals Compound ethanolic Extract 
Glycosides Absence 

Phenols Presence 
Alkaloids Presence 

Resins Presence 
Saponines Presence 

Tannins Presence 
Flavones Presence 

Coumarines Absence

Table(2) : The effect (inhibition zone mm ± SD )  of ethanolic Spirogyra aequinoctialis extract 
in four different concentration on different sample source of Candida albicans  .

 Sample
Source

Spirogyra  algae extract in four different concentration
No. 100mg/ml 50mg/ml 25mg/ml 12.5mg/ml
1 Urine 1±23 1±22 1±19 1±18
2 Urine 2±30 1±25 1±24 1±22
3 Stool 1±28 1±26 1±24 2±21
4 Stool 1±32 1±31 1±30 2±26
5 Urine 1±16 0.5±14 0.5±11 0.5±10
6 H.V.S 1±26 1±23 1±20 0.5±16
7 Burn 2±24 1±22 1±19 1±18
8 Stool 2±28 2±23 1±21 1±19
9 Urine 1±27 1±24 0.5±18 0.5±17
10 Urine 1±26 1±24 1±21 1±18



A wide range of naturally produced 
antimicrobial compounds, including 
indoles, terpenes, acetogenins, phenols, 
fatty acids, and volatile halogenated 

hydrocarbons (23), have been detected 
in algae. Fatty acids and volatile com-
pounds in the hexane and ethyl acetate 
extracts of the algae were therefore 

Table(4): GC-MS Analysis of Major Compounds 
in ethanol extract of Spirogyra aequinoctialis.

CompoundsArea%RT.Number
Aziridine2.094.7041

3-Quinolinecarboxylic acid, 6,8-di1.276.8332
Decenoic  acid2.3113.0043

2-Decenoic acid8.0713.6624
Pyrimidine, 4,6-dimethoxy-5-nitro-0.9515.4365

2-Pyrrolidinethione1.1416.6316
Tetradecanoic acid3.3018.9247

Ethylcyclopent-1-ene-1-carboxyli2.4019.1928
Bicyclo[3.1.1]heptane, 2,6,6-trime1.2619.9289
2-Pentadecanone, 6,10,14-trimethyl6.8120.00610

Heptane,1.7320.30011
1,2-Cyclobutanedicarboxylic acid1.2220.97512

n-Hexadecanoic acid53.1221.79813
Heptadecyl heptafluorobutyrate1.9022.10914

Pyrrolidin-2-one, 5-[2-butyrylethy1.9923.55515
Boranamine2.4624.01316

Figure (3): The chromatogram of GC-Mass spectrophotometry showed in 
ethanol extract of Spirogyra aequinoctialis.
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analyzed using GC-MS techniques be-
cause they indicated medication action. 
This finding suggests that long-chain 
hydrocarbons might be a pharmaco-
logical substance that could be used in 
pharmaceuticals. Seaweeds’ potential 
antimicrobial properties are promising, 
and the fact that they are cultivable is 
a boon to large the production process. 
The antioxidant and anti-inflammatory 
activities of Spirogyra aequinoctialis 
are now under investigation, and re-
search into the mechanism by which its 
natural components reduce infections 
is occurring.  Our findings are consis-
tent with the findings of the previous-
ly published studies (24, 25).
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