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1. Introduction 

    Over the past few decades, antibiotic resistance to 

bacteria has been increased leading to adverse side 

effects and increased mortality, and has posed a ma-

jor public health concern. Because antibiotics have 

lost their effectiveness and an alarming rate of antibi-

otic-resistant microorganisms has been developed 

[1].   

 Treatment of infectious diseases, especially diseases 

caused by resistant pathogens, has become one of the 

biggest health care challenges worldwide. Resistance 

against antibiotic has emerged in major bacterial spe-

cies and created a crisis [2]. It is predicted that the 

human cost of this crisis reaches 300 million prema-

ture deaths by 2050, resulting in $ 100 trillion lose of 

global economy [3]. To address this problem, major 

cooperation between the nations of the world and  

Abstract 
Introduction 

Treating infectious diseases, especially diseases caused by resistant pathogens, has 

become one of the biggest health care challenges worldwide. Marine microorganisms 

are a rich The increasing prevalence of resistant pathogens, makes treating infec-

tious diseases one of the major health care challenges in the world today. Introduction 

Marine microorganisms are a repository of unique bioactive secondary metabolites, 

considerably important in novel pharmacological agent discovery. 

Materials and Methods  

The sample of this article is alcoholic extract of Nanochloropsis algal by Soxhlet meth-

od.The antimicrobial effects of alcoholic extract on Staphylococcus aureus, Escherichia 

coli and Pseudomonas aeruginosa were evaluated. The extracts were first investigated 

for antibacterial properties by tubular dilution in liquid medium, determining the 

minimum inhibitory concentration (MIC) and minimum lethal concentration (MBC) at 

varying concentrations of extracts.MIC and MBC test results revealed that  

Conclusion 

Staphylococcus aureus and Escherichia coliwere the most sensitive andPseudomonas 

aeruginosawas the most resistant bacterium to algae extract. Hence, it is proposed that 

extracts of alcoholic algae have antimicrobial effect on Staphylococcus aureus and 

Escherichia. 
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There is a great diversity of microalgae — some-

where close to 10 million species, depending on how 

you count them, and the total number of algal species 

ranges from 40,000 to ever-absorbing-into-the-

unfolding-pagans. Microalgae are eukaryotic algae 

that are photosynthetic and are found primarily in 

aquatic systems; they account for ∼40% of global pho-

tosynthesis[5]. Each have distinct morphological, 

physiological, and genetic characteristics and produce 

multiple bioactive metabolites [6]. Microalgae are ca-

pable of high-biotarget corresponding to a broad 

spectrum of biological activity such as carotenoids, 

phycobilins, unsaturated fatty acids, proteins, poly-

saccharides, vitamins, and sterols, and other chemi-

cals [7]. Due to their many advantages for health, tiny 

(algal) molecules are widely used in various areas 

such as nutrition, medicine, and applications. Recent-

ly, a number of biological active compounds from 

marine organisms, including microalgae which are 

fast growing and rich sources of many bioactive mol-

ecules between them [8], have attracted significant 

attention in the research markets. 

The use of microalgae as an alternative source of 

antibiotics and preservatives has attracted much 

attention. Cell extracts of various microalgae show 

antibacterial activity against gram-negative and gram

-negative bacteria.[9] Bioactive compounds, whose 

antimicrobial potential have been shown, include 

amino acids, polysaccharides, proteins, unsaturated 

fatty acids (PUFAs), especially EPA and DHA, and 

antioxidants (polyphenols, flavonoids, and carote-

noids) [9][10]. 

Nanochloropsis microalgae belong to the ostig-

matophyse family and eukaryotic photosynthetic sin-

gle-celled microorganisms that live in both freshwater 

and saline environments [7]. This microalgae contains 

antioxidants such as carotenoids, phenolics, flavo-

noids, unsaturated fatty acids, vitamins, sulfated pol-

ysaccharides, sterols, minerals, amino acids, phyco-

biliproteins as well as some other compounds such as 

MAAF, coal, MAA, coal Q, and peptides [11]. 

In 2016, Sayegh et al. introduced the potassium 

salt of fatty acids in nanochlorpecis as an effective 

factor in the antimicrobial activity of this alga against 

gram-positive and gram-negative bacteria [9]. The 

aim of the present study was to investigate the anti-

microbial properties of the Nanocloropsis.sp. microal-

gae extract. 

 

2.Materials and Methods 

      Nanochloropsis algae powder is prepared 

from the Caspian Ecology Research Institute. 25 g of 

algae powder was combined with 250 ml of 95% etha-

nol alcohol as a solvent and placed in a Soxhlet ex-

tractor for 24 hours to separate the effective ingredi-

ents of the algae. The obtained extract was filtered 

with Whatman paper, concentrated using a rotary 

evaporator at 45°C, and finally dried by placing it at 

55 °C for 48 hours. Then, it was placed in a freezer at -

20°C for the next investigation. To evaluate the anti-

microbial activity of the extracts of standard and 

freeze-dryer strains, three bacteria of Escherichia coli 

PTCC 1330, Staphylococcus aureus PTCC 1113, and 

Pseudomonas aeruginosa PTCC 1557 were prepared 

from Iran Scientific and Industrial Research Organiza-

tion and kept in -20°C freezer until the experiments 

were performed. First, according to the instructions 

and under sterile conditions, the heads of the vials 

were broken and the contents were transferred to calf 

Brain Heart Infusion (BHI) broth medium. The sam-

ples were then incubated at 37 °C for 24 hours and the 

grown colonies were used to prepare a standard mi-

crobial suspension. Thus, after the initial post-culture 

of the colonies in BHI medium, and incubation at 37 °

C for 16 hours and observation of turbidity in the 

broth medium, the samples were centrifuged at 6000 

rpm for 15 minutes. The samples were centrifuged 

again after washing with sterile phosphate buffer se-

rum. This process was repeated 3 times and finally 

the turbidity of each bacterium was compared with a 

standard McFarland tube (0.5 McFarland equals 1.5 

×108 cfu/ml). Dilution method was used to determine 

the minimum inhibitory concentration of MIC and 
the minimum lethal concentration of MBC.  

0.2 ml of the studied bacteria at a concentration of 

approximately 106 cfu/ml was added separately to the 

experimental tubes containing 1 ml of BHI broth medi-

um. In the next step, concentrations of 1, 2, 4, 8, and 10 

mg / ml of microalgae extract with DMSO were added 

for 0.2 ml each and then the samples were placed in the 

incubator for 24 hours at 37 °C. The lowest concentra-

tion at which no turbidity was observed in the test 

tubes was considered as MIC. After determining the 

MIC, to determine the MBC under sterile conditions, 0.1 

ml of the contents of tubes that were still clear after 24 

hours of incubation and no turbidity were observed, 

was cultured at the surface in BHI agar medium.  
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After 24 hours of incubation at the appropri-

ate temperature, the growth and non-growth of 

bacteria were examined and the first concentra-

tion at which no growth was observed was con-

sidered as MBC. To evaluate the growth inhibition 

zone, 100 μl of each bacterial suspension (106 cfu/

ml) was first cultured on the surface of Müller-

Hinton agar medium. Then, wells with a diameter 

of 6 mm were installed in different parts of the 

culture medium and concentrations of 1, 2, 4, 8, 

and 10 mg/ml of microalgae extract for 50 μl were 

added to each well. DMSO and trimethoprim sul-

famethoxazole antibiogram disc (30 mg) were 

used as negative and positive controls, respective-

ly. Bacterial media were incubated for 37 h in a 37 

°C incubator and the diameter of non-growth 

zones around the wells was measured using a 

caliper and determined in millimeters (AOAC, 

2000). Statistical analysis of data was performed 

using SPSS software version One-way analysis of 

variance was used to check the presence or ab-

sence of significant differences at the 5% level be-

tween the values of each index, and if a significant 

difference was observed, the Tukey test was used 

for the post hoc test. Statistical calculations were 

performed using Prism software version 7 at a 

significant level of P <0.05. 

3.Results 

The antimicrobial properties of the hydroalcoholic 

extract of Nanochloropsis algae were studied in five 

different concentrations on three bacteria and the re-

sults were shown in Table 1. The mean diameter of the 

growth inhibition zone was calculated after three repli-

cations. 

Results The most sensitive bacterium was 

Staphylococcus aureusand the most resistant bac-

terium was Pseudomonas aeruginosawith Esche-

richia colibeing in the median position concerning 

the level of sensitivity to algae extract; however, 

their response to use of extract together differed 

highly significant (p<0.01). Moreover, the in-

creased concentration of the extract within the 

range used led to an increase in the inhibition of 

the studied bacteria. Thus, by increasing the con-

centration of the extract, the diameter of the 

growth inhibition zone increases markedly. Con-

centration 10 was the best inhibitory concentra-

tion for growth inhibition for all bacteria and ex-

erted the most powerful inhibition against Staph-

ylococcus aureus, the next PS. aeruginosa and 

Escherichia coli were less sensitive to this concen-

tration of the extract and differences between their 

sensitivities were significant (p<0.01).The antimi-

crobial properties of algae extract in three differ-

ent concentrations by dilution in the tube are 

shown in Table 2. The minimum concentration at 

which the bacteria did not grow was considered 

equal to the minimum inhibitory concentration 

(MIC). Staphylococcus aureus and Escherichia coli 

were the most sensitive bacteria (lowest MIC) and 

Pseudomonas aeruginosa was the most resistant 

bacterium (highest MIC) to algae extract.The anti-

microbial properties of algae extract in three 

different concentrations by dilution in the tube are 

shown in Table 3. The minimum concentration at 

which the bacterium did not grow was considered 

equal to the minimum bactericidal concentration 

(MBC).  

 

Nanocloropsis and Antimicrobial 

Table 1_ Comparison of the antimicrobial effect of hydroalcoholic extract of Nanochloropsis algae on the mean diame-

ter of growth inhibition zone in vitro (each data indicates Mean ± SD of 3 replications. Different uppercase and lower-

case letters in each row and column show significant differences between data, respectively). 
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Results The most sensitive bacterium was Staphylococ-

cus aureusand the most resistant bacterium was Pseu-

domonas aeruginosawith Escherichia colibeing in the 

median position concerning the level of sensitivity to 

algae extract; however, their response to use of extract 

together differed highly significant (p<0.01). Moreover, 

the increased concentration of the extract within the 

range used led to an increase in the inhibition of the 

studied bacteria. Thus, by increasing the concentration 

of the extract, the diameter of the growth inhibition 

zone increases markedly. Concentration 10 was the best 

inhibitory concentration for growth inhibition for all 

bacteria and exerted the most powerful inhibition 

against Staphylococcus aureus, the next PS. aeruginosa 

and Escherichia coli were less sensitive to this concen-

tration of the extract and differences between their sen-

sitivities were significant (p<0.01).The antimicrobial 

properties of algae extract in three different concentra-

tions by dilution in the tube are shown in Table 2. The 

minimum concentration at which the bacteria did not 

grow was considered equal to the minimum inhibitory 

concentration (MIC). Staphylococcus aureus and Esche-

richia coli were the most sensitive bacteria (lowest MIC) 

and Pseudomonas aeruginosa was the most resistant 

bacterium (highest MIC) to algae extract. 

Bacteria  

  

Staphylococcus aureus 8 

Pseudomonas aeruginosa 10 

Escherichia coli 8 

Table 2_ Comparison of antimicrobial properties of Nanochloropsis algae extract on mean 

minimum inhibitory concentration (MIC) in vitro 

The antimicrobial properties of algae extract in three 

different concentrations by dilution in the tube are 

shown in Table 3. The minimum concentration at 

which the bacterium did not grow was considered 

equal to the minimum bactericidal concentration 

(MBC). Pseudomonas aeruginosa is the most suscepti-

ble bacterium (lowest MBC) and Escherichia coli and 

Staphylococcus aureus are the most resistant bacteria 

(highest MBC) to algae extract. 

Table 3_ Comparison of the antimicrobial effect of Nanochloropsis algae extract on 

the mean minimum bactericidal concentration (MBC) in vitro 

Elham Yaqubi et al. 
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Discussion 

In recent years,  the use of new sources with 

antimicrobial potential, such as natural com-

pounds found in seaweed, has increased due to 

the reduction of side effects [11]. The first antimi-

crobial compound, chlorine, was isolated from 

Chlorella sp. It is a mixture of fatty acids that in-

hibits the growth of gram-positive and gram-

negative bacteria [12]. The results of research by 

Dvoretsky et al. on the alga Chlorella sp. in 2019 

showed that the inhibitory properties of this mi-

croalgae are caused by fatty acid compounds 

[13].In addition, eicosapentaenoic acid (EPA), hex-

adecaterinic acid, and palmitoleic acid isolated 

from Phaeodactylum tricornutum have antimicro-

bial activity against methicillin-resistant gram-

positive Staphylococcus aureus [14],[15]. Unsatu-

rated fatty acids extracted from Scenedesmus in-

termedius, Chaetoceros muelleri, Haematococcus 

pluvialis, Chlorococcum sp., and Skeletonema 

costatum also have antimicrobial effects against a 

wide range of gram-positive and gram-negative 

bacteria. [16]showed that fatty acids with a chain 

length of more than ten carbon atoms cause the 

lysis of bacterial protoplasts. Accordingly,[17] 

stated that fatty acids primarily affect plasma 

membranes. [18] reported that unsaturated fatty 

acids inhibit the synthesis of fatty acids in bacte-

ria.It has been proved in several studies that lino-

leic acid and oleic acid have antimicrobial activity 

[19]; [20];[21]. Saturated fatty acids showed little 

or no antimicrobial activity [16]. In addition, or-

ganic extracts obtained from Euglena viridis and 

S. costatum showed inhibitory activity against 

Pseudomonas and Listeria monocytogenes[22];

[23]. It was also found that ethanolic extracts of 

Isochrysis galbana and Dunaliella salina are active 

against four different bacterial strains with inhibi-

tory concentrations (IC50) of 100 and 80 mg/ml, 

respectively[24]. Extracts of Coccomyxa onubensis 

fatty acids against E.coli and P. mirabilis showed 

minimum inhibitory concentrations (MIC) of 305 

and 106 mg/ml, respectively [25]. Another study 

showed that the ethanolic extract of Rivularia 

mesenterica has a strong inhibitory effect against 

various antibiotic-resistant bacteria and fungi and 

the MIC is between 0.06 and 32.00 mg/ml[26]. Re-

searchers have shown that phytosterols isolated 

from marine microalgae have interesting biologi-

cally active properties such as antimicrobial, anti-

inflammatory, anti-cancer, antioxidant, and anti-

diabetic[27],[28] ,[29],[30].In 2016, Sayegh et al. 

The only study on antimicrobial activity of nano-

chloroplecis refers to potassium salt of fatty acids, 

which is an effective factor in the antimicrobial 

activity of this algae so that it can act effectively 

against gram-positive and gram-negative bacteria 

[9]. In 2014, Surendhiran et al. Fatty acids from 

Nannochloropsis oculata were found to be inhibi-

tory to both grampositive and gram-negative bac-

teria [31]. Nevertheless, highly varying suscepti-

bility was recorded even between members of the 

gram-negative bacteria [1].Nanochloropsis extract 

exhibited higher antimicrobial potential against 

gram-positive Staphylococcus aureus bacteria in 

the current investigation. These types of bacteria 

are defined by the cell wall structure in the differ-

ence of gram-positive bacteria and gram-negative 

bacteria. The envelope for gram-negative species 

is their outer membrane. It is a multilayer, consist-

ing of an outer membrane, a peptid glycan cell 

wall and a cytoplasmic membrane (inner mem-

brane) [32].The outer membrane is also impermea-

ble to some compounds and removes e.g. antibiot-

ics. The role of the outer cell wall explains the 

greater sensitivity of gram-positive species to 

gram-negative bacteria and their greater suscepti-

bility to antibiotics. 

Conclusion 

This indicates that microalgae could be a 

source of potent antimicrobial agents towards hu-

man and plant pathogens, provided that the right 

solvent and extraction conditions are used. The 

above bioactive or bactericidal compounds can act 

individually or in a combination synergistically, 

although the mechanism of action behind them is 

yet unclear. So more studies are required to de-

scribe the interactions mechanisms of both, micro-

algae and microalgae so that the antimicrobial 

compounds be produced commercially or as sup-

plements to diet or be used as biological preserva-

tives. 
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