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ARTICLE INFO ABSTRACT

Avrticle History: Arthrospira platensis (homotypic synonym Spirulina platensis) is a

Received: Oct. 3, 2023 member of the family Microcoleaceae, which was referred to as Spirulina

Accepted: Nov. 14, 2023  platensis throughout this paper. S. platensis holds a significant nutritional

Online: Nov. 30, 2023 value due to the presence of important secondary metabolites. The current
study aimed to analyze the fatty acids, minerals composition, and

antimicrobial activities of Spirulina platensis isolated from Qliyasan stream

Keywor_ds: water. For the extracts of S. platensis, two distinct organic solvents, ethanol,
Fatty acid, - . .
Minerals and ethyl-acetate, were utilized to achieve this purpose. Furthermore, crude

extracts of S. platensis were evaluated in vitro against Escherichia coli,
Staphylococcus aureus, and Aspergillus niger using a well diffusion assay
method. According to the findings of this study, nine fatty acids were
investigated using the high-performance liquid chromatography (HPLC)
technique. Results revealed that ¢- linoleic acid C18:3 (omega 3) constituted
the highest percentage (23.734%), followed by oleic acid C18:1 (17.159%).
Additionally, the concentrations of 14 types of minerals were determined
using an atomic absorption spectrophotometer (AAS). The highest
concentration value of magnesium (Mg) was 6548ug/ gm, followed by iron
(Fe) at 1250ug/ gm. The antimicrobial activity of crude extract of S.
platensis by ethanol proved to be more efficient than ethyl-acetate against
bacterial models. The highest inhibition zone diameter was recorded
against E. coli at 16.3mm, while ethyl-acetate extract was more effective
against Aspergillus niger with an inhibition zone diameter of 12.3mm,
compared to the bacterial pathogens.
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Ethanol,
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Microscopic

INTRODUCTION

Arthrospira platensis, a microscopic multicellular filamentous organisms, is
classified within the order Ocillatoriales, the family Microcoleaceae, the class
Cyanophycean, and the genus Arthrospira. Moreover, it is known by the homotypic
synonym Spirulina platensis (Geitler, 1925). Spirulina platensis is a type of blue-green
algae that is gaining popularity around the world due to its easy cultivation, quick
development, and high nutritional value as a food source for humans .. Despite its rich
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concentration of nutrients, such as proteins, vitamins, minerals, essential omega-3 and
omega-6 fatty acids, Arthrospira platensis (Spirulina platensis) exhibits significantly
lower percentages of total fat and cholesterol when compared to other food sources
(ALfadhly et al., 2022). Microalgae create a vast range of compounds from many
metabolic pathways, such as polysaccharides, carotenoids, fatty acids, and amino acids
(Martinez-Ruizet et al., 2022), owing to the inclusion of crucial components including
vital amino acids, carbohydrates, fatty acids, and minerals. Spirulina platensis has a high
nutritional value since 50 to 70% of its dry weight is made up of protein (Kapoor Mehta,
1993; Mazo et al., 2004; Soni et al., 2017). Several pharmacological actions of bioactive
compounds have been documented, viz. anthelmintic, antiviral, antibacterial, and anti-
inflammatory activities (EI-Sheekh et al., 2021). Due to their lack of a hard outer layer,
Spirulina sp. in dietary supplements has a more advantageous nutritional uptake than
lactobacilli and yeasts, making substances like iron, carotenoids, vitamins B1 and B2 in
addition to y-linolenic acid easier to be absorbed by the digestion system (Martinez-
Ruizet et al., 2022; Taher and Saeed,2022). Microalgal-derived compounds have the
benefit of decreasing the adverse effects of synthetic antibiotics and are thought to be
inexpensive (Falaise et al., 2016). Several ecologists and scientists have studied the
importance of naturally occurring algae in various ecosystems including freshwater since
they may have biological effects on microorganisms, such as bacteria and fungi (Thomas
et al., 2021). Hot water extract of S. platensis has anticancer and antiviral impacts, as
well as enhancing the innate immune system by changing the signal pathway of toll-like
receptors (TLR) 2 and 4, which results in prominent maturation of macrophages
(Hirahashi et al., 2002). Spirulina platensis powder has a rich mineral composition, with
the highest total content being potassium (1400mg.100 g—1), followed by sodium
(900mg.100 g—1), phosphorus (800mg.100 g—1), calcium (700mg.100 g—1), magnesium
(400mg.100 g—1), and iron (100mg.100 g—1). Furthermore, the algae are rich in selenium
and cyanobacterial selenium, which exist as selenite (2%) and selenomethionine (18%). It
was reported that, the high levels of calcium and magnesium were observed in
Arthrospira platensis cultured in salt water compared to freshwater (Sukumaran et al.,
2014). The ability of S. platensis to reduce lipid levels and exhibit an antioxidant effects
in humans with chronic obstructive pulmonary disease was addressed in the studies of
Ismail et al. (2015) and Charoenying et al. (2022). The global overuse of antibiotics has
increased antibiotic-resistant bacteria, such as Staphylococcus aureus, Escherichia coli,
and the resistant fungus Aspergillus niger. Hence, scientists are still searching for new
approaches to combat these infections. An alternate method to assess antibacterial and
antifungal capabilities is to use different quantities of aqueous extracts of microalga, such
as Gloeocapsa species against pathogens, as indicated by Najdenski et al. (2013).
According to most studies, methanol and acetate were the best extractable organic
solvents (AL-Nagishbandy, 2020; Toma and Aziz, 2023). Crude extracts of S. platensis
in methanol, petroleum ether, and acetone exhibit inhibitory zones against pathogenic
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bacteria, such as E. coli, S. aureus, Bacillus cereus, and Proteus mirabilis, as well as
pathogenic fungi, including A. niger, A. flavus, A. fumigatus, and Candida albicans
(Usharani et al., 2015). Some researchers monitored the antibacterial properties of
ethanol crude extract of S. platensis and C. albicans pathogenic fungi using models of
multidrug-resistant Streptococcus pyogenes and Salmonella typhi pathogens (Sdiq et al.,
2020). Antimicrobial resistance is a major public health concern of the twenty-first
century since it impedes the effective prevention and treatment of an increasing number
of diseases caused by pathogenic bacteria (Potocki et al., 2021). Several Chlorophyta
species' microalgae have gained attention for being an economically significant sources
of several bioactive compounds (Kiran and Venkata, 2021). The current work aimed to
determine the ability of the organic solvent to isolate fatty acids which have the potential
as antibacterial agents against two bacteria, namely Staphylococcus aureus and E. coli, as
well as a pathogenic fungus, Aspergillus niger.

MATERIALS AND METHODS

Description of study area

Samples were collected from four different sites on the Qilyasan stream which is in
the West of Sulaymaniyah City, with an altitude of 761m above sea level, at a latitude of
35° 34’ 44.8" North and a longitude of 45° 22’ 20.3” East. (Fig. 1).
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Fig. 1. Map of the Kurdistan region of Iraq on the left, and Qilyasan stream studied sites on the
right side
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Samples collection

Samples were monthly collected from April till the end of November 2021. Four
sites were selected from the Qilyasan stream. The first station (Site 1) is near
Sarchinar Spring, followed by the second (Site 2) under Qilyasan bridge; the third
(Site 3) is close to Awal Village, and the fourth (Site. 4) is below the Tanjaro bridge
(Table 1).

Table 1. Global position system used for reading the studied area

Station Location Latitude Longitude
Site 1 Near Sarchinar Spring 35°3518.31" N 45°22'34.11"E
Site 2 Under Qilyasan Bridge 35°34'44.31" N 45°22'35.01"E
Site 3 Close to Awal Village 35°32'8.71" N 45°22'26.75"E
Site 4 Below the Tanjaro Bridge 35°28'43.26" N 45°25'46.45"E

Cultivation and harvesting of Spirulina plantensis

Water samples were taken from the Qilyasan stream at four separate locations, and
after being identified using a standard key, as indicated by Wang and Zhao (2005), they
were cultured, purified, and harvested following the method of Sena et al. (2011). To
grow the algae in a 250mL conical flask, 100mL of blue green 11(BG11) medium was
added. The algal culture was grown for 16 days in a (1000 lux lighted) growth
environment at 25+ 2°C, with 12/ 12-hour light-dark cycles, as described by Stanier et
al. (1971). The algal mass was centrifuged for approximately 15 minutes at 10000rpm,
after which the pellet was gathered and dried in the oven at a temperature around 40°C,
following the method of Abdo et al. (2012).

Extract of Spirulina platensis preparation

According to the method of Al-Qahtani and Bionobead (2019), 10gm of Spirulina
platensis powder was extracted with 100ml of 70% ethanol and ethyl-acetate. Moreover,
the solvents were extracted by Soxhlet at a tempreture exceeding 78°C for 3- 4 hours,
following the soxhletation method as described by Redfern et al. (2014). It is considered
a more efficient process since it increases the surface contact between the solvent and the
material, resulting in higher yields and more number of compounds extracted. Algal
extracts were dried at 40°C using a rotary evaporator. The extracts were used for the
analysis of fatty acids by HPLC technique and minerals composition by atomic
absorption spectrophotometer method. These experiments were conducted in the
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laboratories of the Biology Department for Advanced Research, College of Science,
University of Sulaimani.

Analysis of fatty acid by high-performance liquid chromatography (HPLC)

In the analysis, the mixture of fatty acid was separated using the FLC column with
a particle size of 3um, and dimensions of (50x4.6mm [.D) C-18DB. The mobile phase
consisted of acetonitrile: tetrahydrofuran (THF): 0.1% phosphoric acid in THF in a ratio
of 50.4:21.6:28 (V/ V). Detection was performed using UV set at 215nm flow rate of
1.5ml/ min. The temperature was set at 40°C, and each standard used had a concentration
of 25ug/ ml. The separation was carried out using a liquid chromatography on
ShimazulOAV-LC system equipped with a binary delivery pump model LC-10A
Shimadzu. The eluted peaks were monitored by Shimadzu SPD 10A vp detector.
Specifically, an area baseline correction of 5000UV was applied, indicating that the mean
area of 5000UV will give retention time on the chromatogram without clear peaks, while
the area below 5000UV was considered as undetected. this baseline correction in both
standard and sample was made to get a clear baseline resolution, as described by El-
Sheekh and Fathy (2009) and Cavonius et al. (2014).

Calculation

Area of sample
Concentration of sample pg /ml = *conc. of standard*dilution factor
Area of standard

Mineral analysis

The present study aimed to screen the important minerals, such as sodium, potassium,
calcium, cobalt, chromium, copper, iron, magnesium, zinc, manganese, cadmium,
aluminum, nickel, and lead, using an atomic absorption spectrophotometer (AAS). The
processes for analyzing minerals composition included the digestion of 1 gram of algae
sample with 5ml of 10M HNO3 for dryness. Five milliliters of 10M HCI were also added
to complete the digestion. After cooling at room temperature, the digested solution was
diluted to 100ml with deionized water, following the method of Paul and Muthu
Sheeba (2014) and Pradhan et al. (2014).

Antimicrobial activity

All microbiological models utilized in this investigation were provided by Media
Diagnostic Center in Erbil, Irag-Kurdistan Region. S. platensis crude extract was used to
treat drug-resistant strains of the pathogenic bacteria Staphylococcus aureus (ATCC:
25923), Escherichia coli (ATCC: 25922), and the pathogenic fungus Aspergillus niger
(ATCC: 16404). The bacterial culture was inoculated on Mueller Hinton Agar, comprsing
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beef infusion powder (300g /I), acid digest of casein (17.5¢/ 1), agar (17.0g/ I), and starch
(1.5g/ 1). Incubation extended for 24hrs. at 37°C, while fungal culture was inoculated on
potato dextrose agar comprising of glucose (20.0g/ 1), agar (15¢/ 1), potato infusion (4.0g/
), and tartaric acid solution (14ml/ I), followed by incubation at 37°C. Antibiotics such as
Erythromycin and Itraconazole were added to the culture medium to prevent the
proliferation of pathogens that would stunt the development of the microalgae.
Additionally, zones of inhibition were measured with a ruler and compared to the
negative control and positive control in an agar well diffusion assay for bacteria and
fungi, respectively. For the bacterial assay, erythromycin 15g was employed as a positive
control, as indicated by Abdo et al. (2012) and itraconazole 15ug was used as a positive
control for the fungus, following the method of Mullis et al. (2019).

Statistical analysis

For the analysis of the data, a GraphPad Prism version 9 (GraphPad, California,
USA) was used. The experimental results were expressed as mean + standard deviation
(SD). An independent t-test was used to compare between the two groups. The P-value
was regarded as statistically significant. Significance was defined as * P< 0.05; ** P<
0.01; *** P< 0.001, and **** P< 0.0001.

RESULTS AND DISCUSSION

Determination of fatty acid

In the analysis of fatty acids in S. plantesis, where stearic acid was not detected, the
predominant compound was ¢- linoleic acid C18:3(omega 3) 23,734%, followed by oleic
acid at 17.159%, palmitic acid at 15.891%, and a minor presence of eicosatetraenoic acid
at 6.010% (Table 2). The variation of fatty acid content in algae may be related to the
environmental factors (location and habitat) and algal species, according to the extraction
and transesterification methods described by El-Sheekh and Fathy (2009) and Cavonius
et al. (2014).

Table 2. Fatty acid (%) analysis in Spirulina plantesis algae

Fatty acid Amount of fatty acid by pg/ ml Percentage %
Capric C14:0 47,579 10.737%
Palmetic C16:0 70,415 15.891%
Oleic acid C18:1 76,036 17.159%
Stearic acid C18:1 0.000 0.000%
Linoleic acid C18:2(omega 6) 22,348 5.043%

a- liolenic acid C18:3(omega 3) 105,172 23.734%
Arachidic acid C20:3 54,104 12.210%
Decosohexaneoic acid 40,832 9.215%
Eicosopentaneoic acid 26,636 6.011%

Total 443,122 100.00%
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Mineral composition

Results of the mineral composition of S. platensis showed that it contains sodium,
potassium, calcium, cobalt, chromium, copper, iron, mMagnesium, zinc, manganese,
cadmium, aluminum, nickel, and lead. The highest amount of Mg was 6548ug/ gm,
followed by Fe at 1250ug/ gm, while the minimum amount was recorded for Cd at
0.92ug/ gm (Table 3). The variation of mineral concentration may be ascribed to the
geochemical composition of the rock, and parent material of the studied sites.
Additionally, the availability of these metals in the water is likely a contributing factor.
However, it is important to consider the influence of climate conditions and the sources
of pollution along the study streams. Concentration and extraction time are key factors,
with intraspecific variability in the production of secondary metabolites occasionally
related to seasonal variations. Discrepancies in the extraction protocols used to recover
the active metabolites and differences in the assay methods may stand for the variation
between our results and those reported in other studies (Lechuga Morente, 2021).

Table 3. Minerals analysis of Spirulia plantesis algae

No. Metals in Spirulina sp. Mo/ gm
1 Sodium (Na) 452
2 Potassium (K) 620
3 Calcium (Ca) 800
4 Cobalt (Co) 0.92
5 Chromium (Cr) 11.2
6 Copper (Cu) 3.21
7 Iron(Fe) 1250
8 Magnesium (Mg) 6548
9 Zinc (Zn) 82.6
10 Manganese (Mn) 52.3
11 Cadmium (Cd) 1.27
12 Aluminum (Al) 154.5
13 Nickel ( Ni) 2.31
14 Lead (Pb) 3.25

Antimicrobial activity

An opportunistic pathogen, Staphylococcus aureus, and a coliform bacterium,
Escherichia coli, have been carefully chosen for a clinically qualitative antibacterial
assay using the Kirby-Bauer test, as cited by Hudzicki (2009). The assay was conducted
against both ethyl acetate and ethanol 70% crude extracts of Spirulina platensis.
Furthermore, the bacterium Aspergillus niger was selected among pathogenic fungi for
antifungal activity detection. The two crude extracts mentioned above (ethyl-acetate &
ethanol) showed antibacterial action in varied degrees against the tested pathogenic
microorganisms, as seen in Table (4). Regarding the ethyl-acetate crude extract of S.
platensis, the inhibition zone diameters were measured at 8.5, 7.0, and 12.1mm for E.
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coli, Staphylococcus aureus, and Aspergillus niger, respectively. Pathogenic
microorganisms showed a range of reactions and sensitivities, with Gram-positive (G+ve)
germs having more responses than Gram-negative (G- ve) germs. These differences
occur due to the genetic or chemical structure of microbes, as indicated by Caccamese et
al. (1981), or may be traced back to cell membrane nature of the microorganisms
consisting of a high level (90- 95%) of peptidoglycan, lipopolysaccharides and
phospholipids (5- 10%). This composition influences the selection of a suitable medium
for reactions and facilitates the entry of antibacterial factors (both bactericidal and
bacteriostatic agents) into Gram-positive bacteria, leading to the disruption of the cell
membrane or interference with protein biosynthesis units, such as DNA and RNA. This
is in contrast to Gram-negative bacteria, where the cell membrance consists of double
layers separated by a periplasmic space. The inner membrane contains of Gram-negative
bacteria contains peptidoglycan (5- 10%), while the outer membrane contains
phospholipids, lipoproteins, and mucopolysaccharides. This composition results in a high
lipid content (90- 95%) in the Gram-negative cell membrane, making it less conductive to
reactions and limiting the entry of antimicrobial agents. This, in turn, reduces the
effectiveness of these agents on pathogenic microorganisimis, as noted by AL-Samary
(1999). Moreover, the inhibition zone diameters of ethanol extract were measured at 16.3,
7.3, and non-detected Omm for E. coli, Staphylococcus aureus, and Aspergillus niger,
respectively.

Table 4. Inhibition zone of antibacterial assay kirby-bauer method of both ethyl-acetate
and ethanol crude extracts of (S. platensis) against 3 pathogenic microorganisms

Inhibition zone (mm) of tested pathogens (mm)

Crude extract E. coli S. aureus Aspergillus niger
Ethyl acetate of S.platensis 8.5mm 7.0mm 12.1mm
70% ethanol of S.platensis 16.3mm 7.3mm Omm
Erythromycin (15pg) 9.5mm 8.9mm Omm
Itraconazole (15ug) - - 19.4mm

For positive control, antibacterial erythromycin (15pg) was used in the agar-
diffusion assay experiment. The inhibition zone of erythromycin against E. coli was
measured at 9.5+ 0.08mm, while the ethyl-acetate crude extract for E.coli exhibited
an inhibition zone of 8.5+ 0.2mm. On the other hand, the ethanol extract
demonstrated an inhibition zone of 16.3+ 1.7mm, which is higher than the
antibacterial activity of erythromycin. This difference is statistically significant,
according to the statistical analysis conducted using GraphPad Prism, as shown in

Fig (2).
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Fig. 2. Bar graph showing statistical analysis of (A) Ethyl-acetate crude extract (blue bar) on E.
coli compared to erythromycin (Positive control, red bar) and (B) Ethanol crude extract (blue bar)
on E.coli compared to erythromycin (Positive control, red bar)

For Staphylococcus aureus, the average diameters of inhibition zones created by
each crude extract differed only in points (7.0 0.08mm for ethyl acetate, and 7.3+
0.3mm for ethanol). Statistically, erythromycin showed highly significant results,
compared to each crude extract that have been used (Fig. 3).
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Fig.3. Bar graph showing statistical analysis of (A) Ethyl-acetate crude extract (blue bar) on S.
aureus compared to erythromycin (Positive control, red bar) and (B) Ethanol crude extract (blue
bar) on S. aureus compared to erythromycin (Positive control, red bar)
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The ethyl-acetate extract for fungal specimen Aspergillus niger showed an average
inhibition zone diameter of 12.1+ 0.17mm; however, the ethanol extract did not show any
result. In comparison, itraconazole (15ug) was used as a positive control and had an
inhibitin zone diameter of 19.4+ 0.1mm, which is highly significant.

25+ 25—
- ... B e seskokok
£ 20 £ 20—
E £
b= c
= 15 2 154
o) o
£ £
= 10— 'g 10—
£ @
S o
N 5- N 54

OE hyl ¢ ate P It 1 0 1
thy acet‘}tt EREATE: T ARGIREGLS 70% Ethanol extract Itraconazole
A.niger A-miger
(A) (B)

Fig. 4. Bar graph showing statistical analysis of (A) Ethyl-acetate crude extract (blue bar) on
A.niger compared to itraconazole (Positive control, red bar) and (B) Ethanol crude extract (no
effect) on A.niger compared to itraconazole (Positive control, red bar)

Ethanol extract was most effective on E. coli rather than on Staphylococcus
aureus. Nevertheless, the ethanol extract had no effect on pathogenic A. niger.
Alternatively, the ethyl-acetate crude extract showed both antifungal and
antibacterial properties on all the pathogenic microorganisms used, thus it is not as
effective as other antimicrobial agents, such as erythromycin and itraconazole. The
study conducted by Kaushik and Chauhan (2008 ) which also used ethyl-acetate
and 70% ethanol solvent extracts of Spirulina platensis against Streptococcus
pyogenes, Salmonella Typhi, and Candida albicans showed that the 70% ethanol
crude extract was very effective against all microbial agents. The inhibition zones
were 8.7, 19.3, and 19.5mm, respectively, for each microbe, and erythromycin was
used as a positive control against S. pyogenes (5.3mm), Salmonella Typhi (8.0mm)
and itraconazole (12.7mm). Moreover, it was a positive control for the C. albicans.
This means that ethanol solvent proved to be more effective on these microbes than
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on E.coli, S.aureus, and A.niger used in the current study. In the study at hand, 70%
ethanol showed the highest effect on the Gram—ve E. coli. According to a previous
study by Usharani et al. (2015), Spirulina platensis extracts, administered at a
dosage of 5.0mg/ ml, led to a significant reduction in bacterial growth, resulting in
10- to 20mm inhibition zones. Gram-positive cocci Streptococcus pyogenes showed
the greatest mean zone of inhibition (20+ 0.4mm) when exposed to methanol crude
extract of Spirulina platensis (5.0mg/ 1), followed by Staphylococcus aureus
(190.3mm), and Streptococcus epidermidis (18+ 0.6mm), while Gram-negative mean
inhibition zones are (19+ 0.8mm), (19+ 0.5mm), and (18+ 0.3mm) for Proteus
mirabilis, Klebsiella pneumoniae, and E. coli, respectively. In accordance with the
results of the study, the methanol crude extract of Spirulina platensis proves more
effective compared to ethyl-acetate and ethanol crude extracts used in our study since
methanol is a good solvent for extraction, and it is frequently used in biology due to
its polarity. Furthermore, it is capable of extracting both lipophilic and hydrophilic
molecules or substances. The other advantage is that it can easily be removed at
room temperature since it is highly volatile. This suggests that other organic solvents
extracted from S. platensis have the potential to be studied and further used as
antimicrobial agents. The results of a study concluded that the ethyl-acetate crude
extract of S.platensis is effective against S.aureus but has no effect on E.coli, this
disagrees with our study due to the fact that ethyl-acetate extract had no significant
effect on either S.aureus or E.coli (Fayyad et al., 2022). Moreover, the inhibitory
activity is influenced by the type of algae the effectiveness of the extraction
technique, and the active intergradient (Lechuga Morente, 2021).

CONCLUSION

The purpose of this study was to investigate the antibacterial properties of ethanol
and ethyl-acetate crude extracts of S. platensis on two drug-resistant pathogenic bacteria,
Staphylococcus aureus and Escherichia coli, as well as a pathogenic fungus, Aspergillus
niger. Samples for this study were collected in the Qilyasan stream of Sulaimani City.
The present study concluded that crude extracts of Spirulina platensis have antimicrobial
activity against E. coli, S. aureus, and A. niger. Moreover, this study determined that the
antimicrobial activity of crude extract of S. platensis by ethanol is more effective on the
pathogenic bacteria used in our study than the fungal model. However, ethyl-acetate
crude extract was more effective on A.niger than S.aureus and E.coli. Furthermore, the
highest inhibition zone, measuring 16.33mm, was recorded against Escherichia coli, and
this was achieved using a 79% ethanol solvent. This study could facilitate further
exploration into the utilization of algal secondary metabolites as antibiotics and
potentially developing the world of drug design by designing antibiotics made from
algae.
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