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Abstract. The aim of this study is to investigate the antibacterial effect of cyanobacterium 

via detection of phenolic compounds with antibacterial activity, Recently, a new search for 

friendly to the environment alternatives to antibiotics has been explored, so there is a trend 

to use cyanobacteria, which are one of type of microalgae as a source for obtaining 

compounds that have an anti-bacterial effect. Cyanobacteria is an important source of many 

bioactive compounds, such as phenols, alkaloids, terpenes, fatty acids, and many other 

bioactive compounds. Ethanolic extract of Oscillatoria had no effect towards Gram 

positive Staphylococcus aureus, Bacillus subtilis) and negative bacteria (Pseudomonas 

aeruginosa, Escherichia coli), while the phenolic compound isolated from that ethanolic 

extract showed a clear effect on the above-mentioned bacteria. The Gram-positive bacteria 

are more sensitive to phenols compared with a negative one, according to the results of 

inhibition zones diameters for each treatment. The highest inhibition (20, 19 mm) for Gram 

positive bacteria and (10, 16 mm) for Gram negative. Many phenols have been diagnosed 

through the use of HPLC technology such as Quercetin (11.8%), Apigenin (11.5%), Rutin 

(44.4%), Kaempferol (5.2%) and Luteolin (9.4%). 
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1   Introduction 

The development of pathogenic bacteria for many mechanisms of continuous defense 

against the drugs requires research about other materials that are cheaper and natural that are 

friendly to the environment. Of these materials, are bioactive compounds that are represented 

in secondary metabolites of microalgae (cyanobacteria is an example). 

Algae are a group of organisms that have recently become popular in researches and 

different industrial fields because of their direct and indirect relationships in different areas of 

individual life, as well as they possess an important role in respect to the bio-based economy 

because of its unique properties that distinguish it from other organisms. The algae can be grown 

efficiently in areas not suitable for cultivation and it is a source of many products including 

biodiesel [1]. Microscopic algae in particular have tremendous potential if it used in the field of 

biotechnology which is very important as a biological system or bioreactors for the production 

of several valuable chemicals.  It is believed that the best results are obtained using algae by 

providing appropriate conditions in photobioreactors [2]. The algae are photosynthetic 

organisms that have the ability to produce organic carbon during photosynthesis, and their 

individuals vary in size, cellular composition, and biological characteristics [3]. 

Algae are commonly classified into microalgae and macroalgae depending on their cellular 

organization and microalgae have the potential to produce several bioproducts [4]. Microalgae 
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are unicellular and multicellular microorganisms that produce important industrial compounds, 

and it includes prokaryotic microalgae )cyanobacteria( and eukaryotic microalgae which include 

Bacillariophyta (diatoms), Chlorophyta (green algae) and Rhodophyta (red algae). Microalgae 

with simple growth requirements can be the best resource for promising environmentally 

friendly alternatives such as pharmaceutics, nutraceuticals [5]. 

Cyanobacteria, also known as Blue Green Algae (BGA) are a class of Gram negative 

bacteria that are very unique due to the oxygenic nature of their photosynthesis that is similar to 

higher plants [6]. However, microalgae could be an alternative resource of natural antioxidants 

as they are much more diverse than other sources. Like plants, antioxidants include either 

phenolic compounds or pigments (Carotenoids) [7]. 

The ability of algae to produce antimicrobial substances could be used not as a defense 

agent against pathogens but also as pharmaceutical bioactive natural compounds. Phenolic 

compounds, cause an injury of the membrane functions has been proposed as a mechanism of 

action [8]. phenolic compounds are important antioxidants and polyphenols act as antioxidants 

through single electron transfer and hydrogen atom transfer. Microalgae are also able to produce 

more complex phenolic compounds, so research of phenolic compounds in microalgae is 

required, especially as they may contain novel phenolic compounds. There are only a few 

published studies interested in that subject for identification and quantification of phenolic 

composition in microalgae species [7]. Therefore, we need more research in detecting kinds of 

phenolic compounds in different species of microalgae with the study of the effect of various 

conditions on its production from these organisms. The verify of manner for production is effect 

also a phenolic content and detection of its compounds in microalgae extract, thus the results of 

antimicrobial activity of that extracts differ from research to another.  

Cyanobacteria classification depends on their ability to perform photosynthesis because 

they contain Chlorophyll. It is noted since ancient periods that there are several names including 

Cyanophyceae, Schizophceae, and Myxoohceae, then blue-green algae and also named 

Chloroxybacteria described as the oldest oxygen-producing photosynthetic organisms [9]. It 

was indicated that they are true Gram negative bacteria [4],[6]. The Oscillatoria sp. 

Cyanobacterium belongs to the Oscillatoriaceae family and it is a dark bluish-green alga as a 

non-branched cylindrical thread common in shallow water trenches and ponds. The thread is 

considered a colony and all cells are the same except for the terminal cell is often convex and 

the thread is undifferentiated to the base and apex and some cells are dead and empty that as 

viewed at areas in some threads. The taxonomic position of Oscillatoria is: 

Division: Cyanophyta 

Class: Cyanophyceae 

Tribe: Hormogoneae 

Order: Oscillatoriales 

Family: Oscillatoriaceae [10]. 

There is also another classification of demand as follows: Order is Nostocales [11]. 

Phenolic compounds consist of an aromatic ring that is associated with a group of one or more 

hydroxylates, whose name is due to the simplest of these compounds is phenyl C6H5OH.         

Phenols are white crystals in the state of solid and are colorless in the state of liquidity and have 

a smell similar to that of detergents and sterilizers [12]. Phenols are secondary metabolites that 

have multiple uses, low molecular weights, and inhibitory effects for bacteria and fungi 

[13],[14]. Natural phenolic substances enter the composition of thousands of compounds known 

as flavonoids that represent the largest group in addition to simple-ring phenols, the 

phenylpropionate, and phenolic cations, which are present in large numbers of plants, the 

distinguished phenolic substances are water-soluble substances, and their solubility increases 



 

 

 

 

with the increasing number of hydroxyl groups that have been found to be bound with a glucose 

unit of sugar in the plant tissue [13]. Phenolic compound are present in various form such as 

simple phenols (cinnamic acid and complex ones as Queinic that are inhibitors for 

microorganisms, but they are not toxic when found inside organisms because they are bound in 

the form of glycosate esters to give non-toxic compounds, but when aqueous hydrolysis occurs 

within the plant it is converted into phenolic compounds that are toxic and antibacterial, the 

plant phenols are divided into two parts:A) Preformed phenols that are naturally made by the 

plant  B) Induced phenols are those produced by the plant in response to physical damage or 

pathogenic infections or when exposed to heavy metal salts or the effect of ultraviolet radiation 

or heat [15]. 

The new fields in algae research including what is concerned with the production of 

metabolic materials that is useful in various life fields. phenols are one of these materials in 

which there are multiple studies to separate them from plant sources. The algae and 

cyanobacterium are among the best and most important of these sources as they are produced 

after the acid decomposition of the extracts [16].  

The importance of algae and its primary and secondary products have a bioactive activity 

that gave it an important characteristic in the pharmaceutical industry because it is antibacterial, 

anti-fungal, anti-parasitic, anti-algal. The materials produced from algae are either inside cells 

(Entracellular) or out cells (Extracellular) which have many uses especially anticancer one that 

blue-green algae (Oscillatoriaceae) had own it [17]. One of these important materials is 

polyphenols that show a wide biological range such as antioxidants because of benefit in 

reducing oxidation reactions [18], and it was mentioned, several algae contain these compounds 

[19]. Therefore, cyanobacteria extracts have biological activity and important role in the 

pharmaceutical industry [20], thus it considered a great source for naturally occurring 

compounds which have therapeutic and physiological effect and produced in small amounts as 

products from secondary metabolite processes [21].  

    

2 Materials and Methods 

2. 1 Growth and Maintenance of Cultures 

 

Oscillatoria sp. This microalgae is a cyanobacterium identified morphologically [22], [23], 

[24]. The thallus is a multicellular filamentous form, it was preserved and cultivated in modified 

Chu10 medium [25], [26], that consist of these components (g/L): 

Ca(NO3) 0.4 

K2HPO4 0.1 

NaCO3 0.2 

MgSO4 . 7H2O 0.25 

Na2SiO3 0.25 

Ferric Ammonium Citrate 0.05 

 

The pH of the medium was adjusted to 7.7 and autoclaved at 121ºC for 20 min. This 

research was done at the Laboratory of Algal Research of Biology Department / Education for 

Pure Science College/ Mosul University. The cyanobacterium was grown in modified broth 



 

 

 

 

Chu10 medium inside simple photobioreactor that has supplied with air at 25 ±2 ºC under 

photoperiod cycle 16:8 hour (Light: Dark) respectively see Figure 1.            

 

 
Fig. 1. Simple photobioreactor for cyanobacterium growth. 

 

2.2 Preparation of raw cyanobacterium extract 

 

The raw extract was prepared after collecting fresh weighted biomass of Oscillatoria by 

centrifugation (3000 rpm/15 min) after 14 days of inoculation and then drying it in the oven at 

40ºC for about 12 hours. Dried biomass (5 g) was taken and grinding by a ceramic mortar to 

make it fine powder, then ethanol (95%) was added (50 ml) to algal powder to make the raw 

ethanolic extract [27]. The mixture was well mixed and stored in the refrigerator overnight then 

filtered through Whatman No.1 filter paper under the vacuum. 

 

2.3 Extraction of phenolic compounds 

 

To extract the phenolic compounds of Oscillatoria from its raw ethanolic extract, the 

filtrated extract was concentrated under reduced pressure by using a rotary evaporator at 

respective boiling points of the solvent. The concentrated extract was kept in a closed container 

at 4 ºC until another step of extraction done. Another step is an acidic degradation of the 

concentrated ethanolic extract [13], it was done by taking (2 ml) of that extract with adding (200 

ml) of hydrochloric acid (2M), then heating that mixture in a water bath(90-100ºC) for 30 min 

with stirrer followed by cooling the extract to room temperature. Next, the mixture was 

transferred into separating funnel and ethyl acetate (100 ml) was added (this process is repeated 

twice), and two layers were observed: the top layer represents the ethyl portion containing free 

phenolic acids and it is concentrated using a rotary evaporator under pressure to obtain 

precipitate that was kept in 4ºC until use in the diagnosis of phenols, whereas the bottom layer 

is the aqueous layer. 

 

2.4 Phenols Diagnosis by HPLC  

 

Phenolic compounds were dissolved in about (1 ml) of methanol and filtered before analysis 

by 0.22 µm Millipore filter and then analyzed by HPLC device that present in Environment and 



 

 

 

 

Water Department/Ministry of Science and Technology, SYKAM German type origin device 

see Fig. 2. with the following specifications used: Autosampler model: S5200, detector: V 

S2340, Pump model: S 2100 Quaternary Gradient, Column Oven model: S 4115 Pump, Column 

is C18-ODS (25 cm*4.6 mm), Detector UV-360 nm. 

The chromatographic separation was carried out according to the method described by [28]. 

The separation process was carried by using a mixture of solvents A and B as a mobile phase 

and the flow rate was 1 ml/min. Both solvents consisted of Methanol: D.W.: Acetic Acid but its 

different in that ratio on to another as this: Solvent A (85:13:2) and Solvent B (25:70:5) ml 

respectively. Many standards are used as phenols: Rutin, Quercetin, Apigenin, Luteolin, and 

Kaempferol. 

 

 
Fig. 2. Image of the HPLC device used to separate phenols. 

 

2.5 The antibacterial activity of crude and phenolic extracts 

 

Nutrient agar was prepared by dissolving 28 g from media powder in 1 L D.W. then 

autoclaving it at 121ºC for 20 min. Antibacterial activity of Oscillatoria sp. ethanolic raw extract 

and phenolic extract were performed by diffusion method [29]. The inhibitory effects of extracts 

were screened by placing 50 µl of it in each agar well that plated with bacteria. The inoculated 

plates were incubated at 37ºC for 24 hours, then results were taken by measuring the inhibition 

zone diameter (mm) around the well (6mm by using stainless-steel borer) [30]. The extracts 

were screened against two Gram positive bacteria (Staphylococcus aureus and Bacillus 

subtitles) and two Gram negative bacteria (Pseudomonas aeroginosa and Escherichia coli). 

3 Results and Discussion 

3.1 Cyanobacteria Growth and Maintenance 

 

After the growth of algae in a glass flask (250 ml), inoculum (10 ml) was taken for 100 ml 

media in the simple photobioreactor. The medium was renewed every about 14 days, as well as 



 

 

 

 

making a temporary slide of the algae to ensure its purity and the appearance of pure thallus as 

shown in Figure 3. 

 

 
Fig. 3. Microscopic image of Oscillatoria thallus. 

 

3.2. Preparation of raw ethanolic and phenolic extracts 

 

After collecting and drying cyanobacterium biomass that subjected to grinding well, 

ethanolic alcohol (95%) was added and shaken well overnight, the raw ethanolic extract was 

complete. The next step is to filter the extract to remove its residues and kept until using it at 

4ºC see Figure 4. 

 

 
Fig. 4. The stages for preparing raw ethanolic extract. 

 

After obtaining the raw ethanolic extract, it was concentrated by evaporation and complete 

the acid decomposition with transferred to separating funnel for the received phenolic extract 

from the upper layer after ethyl acetate addition, see Figure 5. 

 



 

 

 

 

 
Fig. 5. Separation of phenolic extract in a separation funnel. 

 

The phenols with the upper layer concentrated by rotary evaporation as shown in Figure 6. 

 

 
Fig. 6. Concentrating phenolic extract by rotary evaporation. 

 

At last, phenolic compounds of phenolic Oscillatoria extract (approximately 2 ml) 

transferred to an airtight container. 

 

3.3 Diagnosis of Oscillatoria phenols in HPLC  

 

The types of phenols present in the extract of Oscillatoria sp. was identified using the HPLC 

device by compared with the data of the standard phenolic samples, the types were diagnosed 

and their percentages were determined in the extract as shown in Table 1. and Figure 7. 

 
Table 1. HPLC data for standard phenols and phenols in the cyanobacterial sample. 

% of area in 

the sample 

Sample retention 

time(min) 

Standard Retention 

Time (min) 

Phenolic 

Compound    

No. 

11.5 3.40 3.06  Apigenin 1 

5.2 3.86 3.79  Kaempferol 2 

44.4 4.69 4.84  Rutin 3 

9.4 5.15 5.18  Luteolin 4 

11.8 6.05 6.56  Quercetin 5 



 

 

 

 

The results in Table 1. and Figure 7. shows the presence of several types of phenolic 

compounds in Oscillatoria algae extract in varying proportions and the highest of which was 

for Rutin compound (44.4%), followed by similar proportions Quercetin and Apigenin 

compounds with rates of 11.8 and 11.5% respectively and Luteolin compound 9.4% and 

Kaempferol the lowest in 5.2% . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. Measurements of HPLC phenolic compounds. 

 

Each phenolic compound has special protective importance. Rutin is the most common in 

plants and has a protective function from the sun in addition to many uses including anti-oxidant 

and anti-inflammatory and vasodilating action as well as lowering blood sugar [31]. Quercetin 

is a simple phenol and is found in tea, onions and citrus fruits and are used in the manufacture 

of many drugs such as Estrogens, Digoxin, Cisplatin, Fellodipine and others as it works as an 

antioxidant and catalyst for some biological pathways and inhibitor of several enzymes [32]. 

Apigenin found in many plants; it is a class of glycosides, which is a natural Flavon having a 

yellow substance and used to dye wool [33]. It also has protective properties from chemicals 

that cause cancer, inhibiting the spread of cancer cells to other tissues and preventing the growth 

of the tumor and reducing free radicals and removing harmful toxins from the body, while 

Apigenin Luteolin 

Kaempferol Quercetin 

Rutin Oscillatoria phenols 



 

 

 

 

Luteolin is available in boiled chamomile, celery, and pepper and is considered an anti-cancer 

flavonoid and protects the liver and lung tissues from cancer and helps to detoxify the body 

toxins, Apigenin and Luteolin are found in low concentrations in foods but have great effects in 

preventing the spread of cancer cells. Kaempferol is also a flavonoid and has anti-oxidant and 

anti-bacterial properties in addition to its anti-cancer activity and is found in several plants [34]. 

As a result of this study, the presence of many phenols in the cyanobacterium extract agrees 

with the possibility of adopting cyanobacteria as a new and rich source for these compounds 

[35]. Also, in many studies conducted on brown algae, the presence of many phenols in the form 

of accumulated phlorotannins has published and it has a unique composition that is not found 

in terrestrial plants and that it constitutes about 25% of the fresh weight of brown algae, and that 

its concentration varies with the habitat, harvest time, the exposed light density, and the 

available nutrients [36], [37], while [19] indicated that phenolic content in algae products 

depends on the different extraction conditions used in terms of the type of solvent used for 

aqueous extraction, methanol, chloroform, ethanol, hexane, ethyl acetate extracts.  

 
Table 2. Effect of ethanol and phenolic extracts on pathogenic bacteria 

Pathogenic bacteria inhibition diameter 

(mm) / rate of 3 replicates 

 

Pathogenic Bacteria 

Phenolic 

extract    

 Sample 

control raw 

extract  

  G + bacteria 
 *20  ___ Staphylococcus aureus 

19  ___ Bacillus subtillus 

  G - bacteria 

10  ___ Psedomonas aeroginosa 

16  ___ Escherichia coli 
              *Pathogenic bacteria inhibition diameter (mm) / rate of 3 replicates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Pictures of the pathogenic antibacterial activity 
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   Antibacterial activity of the crude and phenolic extracts of the cyanobacterium: The 

efficacy of inhibition of crude and phenolic extracts of Oscillatoria was shown in Table 2. and 

Figure 8. The phenolic extract showed a great inhibitory effect on the Gram-positive bacteria 

than its effect on the negative bacteria. This is consistent with many studies, and the biggest 

effect was on Staphylococcus aureus (G +) in which the inhibition diameter was  (  20 mm) and 

the least effect on the negative bacteria (G-) Pseudomonas aeroginosa with an inhibition 

diameter (10 mm). It has been suggested that the cause is the resistance of negative bacteria that 

due to the very low permeability of their outer membrane equipped with secondary resistance 

mechanisms such as having anti-flow pumps [38]as well as, the cell membrane layer has a 

component of phospholipids which is impermeable to many compounds [39]. 

Conclusions 

Oscillatoria sp. ethanolic extract was screened for phenolic content and seem to have 

potency as a rich source of these compounds. In HPLC analysis, many types of phenols were 

diagnosed such as Rutin, Quercetin, Apigenin, Luteolin, and Kaempferol. Phenols of 

cyanobacterium Oscillatoria have antibacterial activity against both Gram positive and Gram 

negative bacteria that make it a good choice to use it with antibiotics materials in the future. The 

cyanobacterium growth in simple photobioreactors is a perfect method to get algal biomass for 

using it in these kinds of researches. Thus, Further work must be carried out to determine the 

optimal conditions for producing phenols from algae with trying to increase that production. 

Although, obtaining and diagnosis of more phenols with the study of their synergistic effect 

with antibiotics affecting bacteria and applying it with animals later. 
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