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Abstract
Marine microalge are known as source of bioactive secondary metabolites. In the present work,
production of antimicrobial activity by three marine cyanobacteria Oscillatoria simplicissima,
Oscillatoria acutissima and Spirulina platensis and antimicrobial activities of them was investigated
against different microorganisms. The effects of pH, temperature and light intensity on the production
of antimicrobial activity were tested. Extracts of the algae were prepared using hexane, chloroform,
ethanol, methanol and water, then assayed for antimicrobial agents against microorganisms like
Staphylococcus aureus, Micrococus luteus, Serratia marcescens, Salmonella spp., Vibrio spp.,
Aeromonas hydrophila, Pseudomonas aeruginosa, Escherichia coli and one species of yeast
Candida albicans. Data showed that the methanol extract was very effective against bacterial and
fungi strains compared to other extract at pH 8.0, 30ºC and 3000 lux for three algal. No antimicrobial
activity was detected in the water extracts. This material was produced, maximally, after 12, 14, 12
days of incubation period in aerated culture for Oscillatoria simplicissima, Oscillatoria acutissima and
Spirulina platensis respectively. The results indicated scope for utilizing these microalgae as a source
of antimicrobial substances.
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INTRODUCTION
Several recent studies have been revealed that
seaweed and algae are potential sources that can be
used as antimicrobial products (Al-Saif et al. 2014,
Maftuch 2016, Rabia et al. 2013). Microalgae are one of
the cheapest organisms that can be used in different
biotechnological applications (Demirel et al. 2018).
Microalgae has become a very popular source of
antibacterial agents and offers numerous advantages for
antimicrobial studies due to their huge biodiversity and
fast growth rate (Pulz and Gross 2004). Microalgae are
new source of structurally - novel and biologically - active
compounds in the pharmaceutical industry (Ely et al.
2004, Patra et al. 2009, Tuney et al. 2006). Aquatic
microorganisms and algae produce a pool of under
investigated secondary metabolites and are potential
sources of drug-like compounds to inhibit pathogens
(Dussault 2016). Large number of literature have been
released about compounds derived from algae with
antibacterial activity, such as acrylic acid, halogenated
aliphatic compounds, terpenes (Ming 2017). However,
the identification of compounds directly responsible for
the antimicrobial potential of algae is still a relatively
incipient field of research, mainly owing to the new kinds
of compounds found in recent years (Amaro et al. 2011,
Pina-Perez 2017). Microalgae can produce several

compounds like chlorophyll, carotene, phenolics,
proteins, and fatty acids (Rao et al. 2010). Under stress
conditions, extremophile microalgae might produce
unique substances to adapt the changing condition.
Thus, with changing environmental requirements, the
content of the bioactive compounds might also be
changed. It is known that algae had a chemical defence
system being synthesized to survive in a competitive
environment (Barros et al. 2005). Antibiotic resistance in
bacteria and fungi is one of the major emerging health
care related problems in the world; it became a greater
problem of giving treatment against resistant pathogenic
bacteria (Abdel-Raouf et al. 2015, Sieradzki et al. 1999).
Extracts from 10 cyanobacteria proved to be active
against multidrug resistant Mycobacterium tuberculosis,
the causative agent of tuberculosis (Rao et al. 2007).
Antimicrobial activity depends on both algal species and
the solvents used for their extraction (Prakash et al.
2011, Radhika et al. 2012, Reham et al. 2015). The
antimicrobial activity of algae extracts is generally
assayed using various organic solvents which always
provide higher efficiency in extracting compounds for
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antimicrobial activity (Cordeiro et al. 2006, Tuney et al.
2006). Analytical methods play important roles in the
discovery, development and manufacture of bioactive
molecules (Mariswamy et al. 2011). Temperature of
incubation (Ame et al. 2003, Issa 1999), pH of the culture
medium (Patterson and Boils 1995), and light intensity
(Griffiths and Saker 2003) are the important factor
influencing antimicrobial agent production. The aim of
the present study was discussed about: the antimicrobial
activity of three cyanopacteria by different solvent
extracts against some pathogenic bacterial and fungal
strains and the effects of PH, Temperature and light
intensity on the production of antimicrobial activity.

MATERIALS AND METHODS
Algal Isolation
The algal species used in this study were isolated
from the Gulf of Aqaba of the Red Sea coast of
Alexandria. Samples were grown in the F/2 medium
(Guillard 1975, Guillard and Ryther 1962). The medium
was then autoclaved at 120 °C for 30 minutes. The
culture was incubated at temperature 30±1°C, pH 8 and
light intensity 3000 lux. The algae were kept under
optimum conditions. The isolated strain was identified
according to available literature (Cronberg et al. 2006,
Prescott 1968, Tomas et al. 1996).
Measurements of Algal Growth
According to the method described by Strickland and
persons (1972). Determination of algal growth as a
chlorophyll a. Harvesting took place by centrifugation at
5000 rpm for 15 min. The pigment content in filtered
extract was determined by the absorbance at 663 and
645 nm in a 1cm quartz cell against a blank of 80%
aqueous acetone by spectrophotometer using the
following equation:
Chlorophyll a=12.7. E663-2.69. E645
Test Organisms
1. Two gram positive bacteria: ((Staphylococcus
aureus, Micrococus luteus,).
2. Six
gram
negative
bacteria:
(Serratia
marcescens, Salmonella spp., Vibrio spp.,
Aeromonas
hydrophila,
Pseudomonas
aeruginosa, Escherichia coli).
3. The unicellular fungus (Candida albicans).
These test organisms were deposited as culture
collection at Microbiology Lab., National Institute of
Oceanography and Fisheries – Alexandria.
Preparation of the Algal Extracts
Three microalgae were grown in F/2 medium at
aerated conditions. Microalgae pellets were harvested
for growth at stationary phase, the culture centrifuged
and the pellets were dried in hot air oven (60°C) till
constant weight and used for extraction of antimicrobial
agents. Half g of each dried biomass of the three
microalgae was extracted in 10 ml each of hexane,
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chloroform, ethanol and methanol. All of the extracts
were preserved at -4° C (Gonzalez Del Val et al. 2001).

Antimicrobial Activity Test
Screening for antibiotic activity of the tested algal
extracts was carried out by the agar diffusion assay
according to European Pharmacopoeia (1997). One
loop full of each test organism was suspended in 3 ml
0.85% sterile NaCl solution, separately. Nutrient agar
(Difeco, UK) was inoculated with this suspension of the
respective organism and poured into a sterile Petri dish.
According to preliminary test for the most effective dose,
10 µl of dimethyl sulfo-oxide (DMSO) Contained 5 mg of
each extract was placed on sterilized paper disc (6 mm
diameter). The loaded discs were placed apart from
each other on the inoculated agar plate aseptically.
Sterilized discs that loaded with DMSO only served as
negative control and antibiotic discs (Ceprozil and
Polymixin) served as positive control. A prediffusion for
3h was carried out at 10°C (Bansemir et al. 2006).
Inhibition zones were measured after 24h incubation
period at 37°C for bacteria and at 30°C after 48h for the
fungus species. After incubation, the diameter of the
inhibition zone was measured with calipers and the
results were recorded in mm (Attaie et al. 1987).
Effect of Different pH, Temperature and Light
Intensity on the Production of Antimicrobial
Activity
The F/2 medium (100 ml) was prepared in 250 ml of
Erlenmeyer flask. The different growth parameter
including pH (5, 6, 7, 8 and 9), temperature (25, 30, 35,
40°C) and light intensity (1000, 2000, 3000 and 4000
Lux) were optimized independently. Then 10 ml of
actively growing log phase inoculum was transferred to
the culture flask aseptically and reserved under the
fluorescent light for 20 days at aerated condition. The
antimicrobial activity was determined by disc diffusion
method.
Statistical Analysis
The data for various biochemical parameters were
analyzed statistically by one-way ANOVA (Duncan
1957).
RESULTS AND DISCUSSIONS
Microalgae Isolated
The algal strains were identified as Oscillatoria
simplicissima, Oscillatoria acutissima and Spirulina
platensis (Fig. 1). The algal strains were harvested at
their exponential phase of growth which is 14th day for
Oscillatoria simplicissima, 14th day for Oscillatoria
acutissima and 12th day for Spirulina platensis under
30±2°C, pH 8 and 3000 Lux (Fig. 2). The most studies
on the biochemical production of algal and their analysis
were carried out in stationary phase of growth period
(Becker 1994).
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Fig. 1. Scanning electron microscope (SEM) images of (A) Oscillatoria simplicissima (B) Oscillatoria acutissima(c) Spirulina
platensis

Fig. 2. The growth of Oscillatoria simplicissima, Oscillatoria acutissima and Spirulina platensis measured as chlorophyll (a)
mg/g fresh wt

Antimicrobial Activities
The antimicrobial activity was evaluated as the
diameters of the inhibition zones formed as a result of
disc assay method in case of bacteria and one species
of yeast. No antimicrobial activity was detected in the
hexane, chloroform and water extracts for Oscillatoria
simplicissima and Oscillatoria acutissima. The methanol
extract of three cyanobacteria had more activity against
most of the test organisms. The diameter of inhibition
zones for methanol extract of Oscillatoria simplicissima
recorded 1.9 cm in Staphylococcus aureus. On the other
hand, the hexane and chloroform extracts were not
active against all tested microorganisms. The ethanol
extract for Oscillatoria acutissima showed more activity
against P. aeruginosa recorded 1.4 cm diameter of
inhibition zone. On the other hand; the hexane,
chloroform and water extracts were not active against all
tested microorganisms. The methanol extract for
Spirulina platensis represented more activity against
Staphylococcus aureus, Vibrio spp., Pseudomonas
aeruginosa, Escherichia coli. On the other hand; the
ethanol and water extracts were not active against all
tested microorganism (Table 1). In the light of the

experimental results concerning the antimicrobial
activity of the test microorganisms against standard
antibiotics showed that when the effects of extracts
obtained from marine microalgae were compared with
standard antibiotics used in this study, it was found that
the effect of standard antibiotics was more than that of
extract of Oscillatoria acutissima and Spirulina platensis.
While the effect of antibacterial agents resulted from
extracts of Oscillatoria simplicissima was more as
compared to standard antibiotics in the same test
bacteria which was observed by measuring the zone of
inhibition. These results go in harmony with those
obtained by Ozdemir et al. (2004) and Tuney et al.
(2006). Likewise, in methanol extracts for three
cyanobacteria gave the largest inhibition zone tested
against bacterial pathogens These results were
compatible with the study of Prakash et al. (2011) on the
antimicrobial potential of Oscillatoria sancta and Lyngby
abirgeiagainst exhibited antibacterial activity against S.
aureusin methanol and acetone extracts in accordance
with Guedes et al. (2011). In addition, Ostensvik et al.,
1998 who observed that aqueous extracts of Microcystis
aeruginosa inhibited B. subtilis, and Rao et al. (2007). It
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Table 1. Antimicrobial activity of the investigated hexane, chloroform, ethanol, methanol and water extracts of three
cyanobacteria using the agar plate by diffusion assay
Standard antibiotics

Diameter of inhibition zone(cm)
Gram (+V) bacteria
Gram (-V) bacteria
M.
S.
Salmonella
A.
P.
S. aureus
Vibrio spp.
Luteus marcescens
spp.
hydrophila aeruginosa
1.0± 0.003
1.0 ± 0.06
1.0±0.03
1.1 ± 0.03
0.8±0.03
2.0± 0.03
1.0 ± 0.03

Spirulina
platensis

Oscillatoria Oscillatoria
acutissima simplicissima

Cefprozil
Polymixin
2.0 ± 0 .03
1.5 ± 0.03
Solvent
Microalgal sp.
extracts
Hexane
Chloroform
Ethanol
1.1 ± 0.03
Methanol
1.9± 0.03
1.0± 0.03
Water
Hexane
Chloroform
Ethanol
1.3± 0.03
Methanol
0.9 ± 0.03
1.0 ± 0.03
Water
Hexane
0.9± 0.03
Chloroform
1.0 ± 0.01
0.9 ± 0.03
Ethanol
Methanol
1.5± 0.03
0.8 ± 0.01
Water
- = No inhibitory effect; width 0.1 to 0.8 cm = week activity;
the form of mean ±SD

1.5±0.03

1.5± 0.03

1.0±0.03

2.3 ± 0.03

1.3± 0.03

Fungal sp.
E.
coli
1.5 ± 0.03
1.6± 0.03

C. albicans
1.2±0.03
1.6±0.03

1.1±0.03
1.2± 0.03
1.2 ± 0.03
1.3± 0.03
1.7±0.03
1.3± 0.03
1.5 ± 0.03
1.1±0.03
1.8±0.03
0.9±0.03
0.6±0.03
1.4± 0.03
0.8±0.01
1.3±0.03
1.0± 0.03
1.0±0.03
0.6±0.03
1.2±0.01
0.8 ± 0.01
0.9±0.03
1.2±0.01
0.9± 0.01
0.9±0.01
1.0±0.03
1.0±0.01
1.4±0.03
1.5± 0.03
1.5±0.06
0.5±0.01
width 0.8 to 1.0 cm = moderate activities; width >1,0 cm = strong activity. Data are expressed in

Fig. 3. Effect of different pH on antimicrobial activity production by Oscillatoria simplicissima, Oscillatoria acutissima and
Spirulina platensis

is worth mentioning that the extracts obtained from
various solvents used in this study had antibacterial and
antifungal activities and so of these extracts could be
more effective than antibiotics. Emerging resistance to
antibiotics has raised serious concerns regarding the
next source of new chemical entities that can meet the
challenge of continually emerging drug resistance.
Although considerable progress is being made within the
fields of chemical synthesis and engineered
biosynthesis of antimicrobial compounds, nature still
remains the richest and the most versatile source for
new antibiotics (Pina-perazl et al. 2017). Some recent
studies reveal seaweed and algae as a potential source
of antimicrobial products (e.g. Alghazeer et al. 2013, AlSaif et al. 2014, Mendes et al. 2013).
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Effect of Different Initial pH, Temperature and
Light Intensities on Antimicrobial Activities
Production by cyanobacteria
One optimum pH 8.0 was recorded for antimicrobial
agent production from three cyanobacteria (Fig. 3). The
diameter of inhibition zone recorded (1.9cm) for
Oscillatoria simplicissima against S. aureus, while in
Oscillatoria acutissima and Spirulina platensis, the
diameter of inhibition zone recorded (1.4 and 1.5cm
respectively) against P. aeruginosa. It has been well
documented by the earlier researcher (Richmond
A.2000, Renaud SM. et al., 1991, Renaud SM. et al.,
1995, and Borowizka MA. et al., 1990). The pH of the
medium is very important for growth of microorganisms,
for the character of their metabolism and hence for the
biosynthesis of antimicrobial products as secondary
metabolites. Scytonema ocellatum was found to exhibit
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Fig. 4. Effect of different temperature on antimicrobial activity production by Oscillatoria simplicissima, Oscillatoria
acutissima and Spirulina platensis

Fig. 5. Effect of different light intensity on antimicrobial activity production by Oscillatoria simplicissima, Oscillatoria
acutissima and Spirulina platensis

maximal scytophycin productivity at pH 8.0–8.5
(Patterson and Boils 1995).
Temperature is an environmental factor which
indirectly affects growth of microalgae and antimicrobial
activity (Huang et al. 2008). The results recorded in (Fig.
4) revealed that the diameter of inhibition zone recorded
(1.9 cm) after 14th days of incubation for Oscillatoria
simplicissima. While in Oscillatoria acutissima the
diameter of inhibition zone recorded (1.4cm) at the same
temperature 30 after 14th days of incubation. Ame et al.
(2003) found that production of higher amounts of the
bioactive toxin, microcystin by cyanobacteria was
favored at temperature more than 30 oC, although
maximum cylindros peropsin production was attained by
the cyanobacterium Cylindros permopsis raciborskii at
30 oC (Griffiths and Saker, 2003). Lehtimaki et al. (1997)
found that low temperatures (7, 10, 16 oC) gave low

measurements
for
nodularin
production
by
cyanobacteria, while the highest production was
attained at high temperatures. The relationship between
temperature and growth of microalgae is linear
(Takemura et al. 1985). Temperature determines the
activity and reaction rates of intracellular enzyme, which
will have an influence on algal photosynthesis,
respiration intensity, affect the growth of microalgae and
to limit its distribution (Tan et al. 2009).
Light is an essential key for growth of microalgae.
when light intensity was changed effectiveness of
bioactive compounds also varied. In Fig. 5, it was clearly
seen that under 3000 Lux light intensity, three
cyanobacteria produced the most effective bioactive
compounds against all the microorganisms tested. At
stationary phase, the diameter of inhibition zone for
Oscillatoria simplicissima, Oscillatoria acutissima
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and Spirulina platensis recorded (1.9, 1.4 and 1.5 cm)
respectively. Microalgae uses light to process the
photosynthetic, but the light energy cannot be stored by
microalgae, so the light should be supplied sustainably.
The microalgae cannot use all the supplied light
because microalgae cannot absorb all the photons, and
too much light will cause light inhibition for the surface
layer of microalgae. Through the photosynthetic
process, for autotrophic microalgae to convert carbon
dioxide in the air into organic compounds, visible light is
the main source of energy (Carvalho et al. 2011) since
the chlorophylls, phycobilins and carotenoids in
microalgae can be absorbed in the visible light range.
High light intensity can cause strong harmful effects in
the cell due to excessive stimulation of the
photochemical apparatus (Skjånes et al. 2013). Under
high light stress, chlorophyll can interact with oxygen to
cause the formation of reactive oxygen species (ROS).
Algae had defense systems against these ROS, of
these, increasing to produce carotenoids was the most
common one. On the other hand, Seepratoomrosh et al.
(2016) demonstrated that under low light conditions, the
chlorophyll content of D. tertiolecta was higher than in
high light condition. In a study done by Simionata et al.
(2011), under low light, cells of Nannochloropsis
gaditana accumulated more chlorophyll than it was in

high light. Since chlorophyll is essential for light
harvesting (Li et al. 2009), in low light the increment of
the pigment was expected. It was known that carotene
had antioxidant properties, while, phenolic compounds
as a photo protective response were be useful as
antimicrobial (Skjånes et al. 2013).

CONCLUSION
The results of the present investigation on selected
species of marine cyanobacteria indicated scope for
deriving biologically active compounds which are
effective in inhibiting the growth of the pathogenic
bacteria both Gram-positive and Gram-negative. Further
the Red sea marine environment has potential to return
pharmaceutically useful microalgae which can be
harnessed for the development of drugs for use in
management of human pathogens, cancer, tumor, AIDS
and many human degenerative diseases. There is great
scope for further investigations toward drug
development.
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