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ABSTRACT 

Marine microalgae are recognized to be novel and rich in bioactive compounds. In the present study, Nannochloropsis 
oceanica extract (after methanol extraction) was subjected to pharmacological studies like In vitro antibacterial, 
antifungal and hemolytic assay. The activity against G+ve bacteria was less effective compared to G-ve bacteria. The 
activity was found to be highly significant against bacteria and moderately significant against fungal strains. The 
highest hemolytic activity was observed in chicken blood compared to goat and human blood. 
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INTRODUCTION 
Microalgae are photoautotrophic organisms that need light as their main source of energy. The growth 
and proximate composition of microalgae have been widely explored on the basis of the effects of light 
intensity, temperature, salinity and media nutrients [31, 4]. Microalgae play a key role in aquaculture 
development as they are the primary food source for a large number of aquatic organisms are widely 
used to maintain water quality  in marine hatcheries as well as food sources [26, 12]. Among the several 
strains available, Chaetoceros spp. and Nannochloropsis spp. are widely used in marine hatcheries as food 
sources as well as to maintain water quality [26, 12]. Nannochloropsis sp. is a small green alga that is 
widely used in the aquaculture industry for growing rotifers (zooplankton) and also been recognized for 
human diet due to its high nutritional value as an excellent source of proteins, carbohydrates, lipids and 
vitamins. This microalga is well known as a source of different valuable pigments, such as chlorophyll a, 
zeaxanthin, canthaxanthin and astaxanthin [24] produced at high levels. 
Secondary metabolites from microalgae are associated with toxic, hormonal, antineoplastic and 
antimicrobial effects [22, 5]. The antimicrobial substances involved may target various kinds of 
microorganisms, prokaryotes as well as eukaryotes. Nannochloropsis is classified under the class 
Eustigmatophyceae of the Heterokontophyta [1]. The present study was undertaken to examine the 
antibacterial, antifungal and hemolytic effect of methanolic extracts of N. oceanica against human 
pathogens.  
 
MATERIAL AND METHODS 
Microalgal culture:  The marine microalgae, Nannochloropsis oceanica was isolated, identified and 
cultured in ‘Biotoxinology Laboratory’, CAS in Marine Biology, Annamalai University, using Walne 
medium [24].  The culture was grown at 30 ᵒC, pH between 8.5 to 11 and salinity 25- 32psu with 
approximate 12:12 light/ light cycle of light intensity. The mass scale production of microalgal species 
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was cultured by using low cost medium in a glass tank. An amount of 100g of microalgae 
(Nannochloropsis oceanica) was thoroughly washed with demineralized water. The algae were then 
transferred to an Erlenmeyer flask and extracted with absolute methanol using an ultrasonic 
homogenizer (BioLogics, Inc., Manassas, VA, USA) for 1 hr at RT, 15 kHz. The mixture was filtered and 
using a rotary evaporator (Buchi Rotavapor® R-210, Flawil, Switzerland) the solvent was removed. By 
making use of the freeze-drying technique the mass was lyophilized. The Nannochloropsis oceanica  
extract (AME) was then placed in a desiccators to store it for further evaluation. 
Bioassays 
Antimicrobial assay: In the present study, the antimicrobial activity of microalgae was compared with 
antibiotics. Amoxycillin served as an antibacterial standard and Flukonazol (12.5 μg/ml, Pfizer, Turkey) 
served as an antifungal standard. 
The antibacterial activity of the prepared Nannochloropsis oceanica microalgae was tested against a 
range of human pathogens which included both gram-positive and negative bacteria and fungi. All the 
strains were obtained from the Department of Microbiology, Raja Muthiah medical college and hospital, 
Annamalai University, Annamalai Nagar, India and were maintained on a suitable agar medium at 4°C 
until testing. 
The bacterial pathogens were grown at 37 ̊C in Mueller-Hinton (MH) broth (Himedia Laboratories, Pvt. 
Ltd, Mumbai, India) and fungal pathogens were grown at 28 ̊C in Sabouraud Dextrose Broth (Himedia 
Laboratories, Pvt Ltd, Mumbai, India). 
The following test bacteria and fungi were used: Vibrio sp., (Gram - ve) Escherichia coli, (Gram - ve), 
Proteus sp., (Gram - ve), Klebsiella sp., (Gram - ve) and MRSA Methicillin-resistant Staphylococcus aureus, 
(Gram +ve)  and Aspergillus niger, A. flavus, A. fumigatus, Mucor sp.,  and Rhizopus sp. After nutrient agar 
and YEPD (yeast extract peptone dextrose), agar was inoculated with 100 μl of an overnight culture of the 
test organisms, wells (6 mm)were made. Then extracts (25μl, 50μl and 100 μl) were applied directly into 
the wells and incubated at appropriate temperatures for 24 hours. The test organisms were prepared by 
subculturing them overnight in an incubator. The isolated microbes were inoculated using the swab 
method. The well was cut by using gel puncture. 1ml of the prepared extract was introduced in the hole.  
After incubation, the diameter of the inhibition zone was measured with callipers. The measurements 
were done basically from the edge of the zone to the edge of the well [2]. 
Antihaemolytic activity of the extract of Nannochloropsis oceanica 
The crude extracts of Nannochloropsis oceanica were assayed for their hemolytic activities on chicken 
goat bloodand Human blood. Chicken and goat blood were obtained from a nearby slaughterhouse and 
human blood was collected froma clinical laboratory, using 2.7% ethylene diamine tetra acetic acid 
(EDTA) solution as an anticoagulant for 5% of the blood volume and brought to the laboratory. The blood 
was centrifuged thrice at 3000 rpm for 10 minutes with normal saline. This process was repeated thrice 
and finally concentrated RBC was obtained. 1% erythrocyte suspension was prepared by adding 99 ml 
normal saline to 1 ml of packed erythrocytes. The micro hemolytic assay was performed in 96-well ‘V’ 
bottom microtitre plates. Transferred 100 μl normal saline (pH 7) into a well and 100μl of the microalgal 
extract was added to the well and mixed thoroughly. Transferred 100μl to the next well and repeated the 
process till the last well and discarded the 100μl taken from the last well. Then 100 μl of 1%RBC was 
added to all the wells and gently shaken and allowed to stand for two hours at room temperature. The 
presence of homogenous red colour suspension in the wells was considered to be a positive reaction due 
to hemolysis of RBC and a negative reaction was indicated by a compact demarked disc of sediment cell in 
the bottom of the wells that showed a lack of hemolysis. The reciprocal of the highest dilution at which 
the hemolysis has taken place is one hemolytic unit  (the amount of toxin-producing 50% hemolysis is 
defined as one hemolytic unit). 100 μl of 1% RBC and 100 μl of distilled water were considered as positive 
control and 100μl of 1% RBC with 100μl of normal saline served as negative control. 
 
RESULTS AND DISCUSSION 
Antibacterial activity 
Results are presented as the mean± standard deviation (SD) of three replicates. Agar well diffusion 
method was carried out to test the antibacterial activities and antifungal activities of methanol extracted 
Nannochloropsis oceanica and the data are tabulated in Table 1 and 2.In the present study N. oceanica 
showed zone of inhibition against all five bacterial pathogens. The highest activity was shown by 
Escherchia coli (4.06±0.06), followed by Proteus sp. (3.37±0.06), Klebsiella sp. (2.46±0.05), Vibrio 
sp.(2.3±0.05), and least activity were shown by MRSA (1.86±0.1). Fungal strain Aspergillus flavus showed 
highest activity (2.57±0.05) at 100 µl concentration followed by Rhizopus sp. (1.8±0.05), A. niger 
(1.57±0.06), A. fumigatus (1.43±0.06) and Mucor sp. (1.37±0.1). 
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Marine microalgae are a potential source of new antimicrobial compounds which can be attributed to 
their genetic diversity. They represent an untapped resource of novel natural products. Like all 
organisms, they also need to protect themselves against opportunistic attack or pathogenic damage [20]. 
Till date, many  compounds of marine origin are chemically unique with various biological activities have 
been isolated and are under investigation and are being used to develop new pharmaceuticals [32]. 
 Cell extracts and active constituents of various algae have shown to possess antimicrobial activity in vitro 
against microbial pathogens. A wide range of results of in vitro antifungal activities of extracts of green 
algae, diatoms and dinoflagellates have also been reported. [3]. The activity against G+ve bacteria was 
less effective compared to G-ve bacteria [13] which coincided with our results. Methanol have higher 
antibacterial activity compared to the extracts obtained with other organic solvents [8, 29, 27, 21, 15,6, 7, 
28] reported that the methanol extract of seaweeds contains phenolics, alkaloids and amino acids which 
may responsible for the antimicrobial activity. N. oceanica were extracted using methanol as solvent 
which showed significant results which were confirmed by Manilal et al.,[18] and Rangaiah et al., [25] 
who explained that the methanol extraction yielded higher antimicrobial activity than n-hexane and ethyl 
acetate. Methanol extract of Sargassum polycystum showed more activity against E.coli, P.vulgaris, 
E.caratovora, K. pneumonia and fungal strain of methanol extract of A.niger and R. stolonifer. Chloroform 
extract showed moderate activity with Sargassum tenerrimum. 
 

Table 1. Antibacterial activity of Nannochloropsis oceanica extracts. 
 

 

 
Fig. 1. Antibacterial activity of Nannochloropsis oceanica extracts (Positive control – Amoxycillin; 

Negative control – Distilled water) 
 

Table 2. Antifungal activity of Nannochloropsis oceanica extracts 
                                        Zone of Inhibition in mm (Mean± SD) 
Fungal Pathogens 25 µl 50 µl 100 µl 50 µl (Positive control) 
Aspergillus niger - - 1.57±0.06              1.27±0.1 
Aspergillus flavus 1.43±0.06 1.97±0.05 2.57±0.05 2.43±0.06 
Aspergillus fumigatus  0.87±0.1  1.13±0.1 1.43±0.06 1.53±0.05 
Mucor sp.  0.97±0.05 1.27±0.06   1.37±0.1 1.17±0.06 
Rhizopus sp.  0.8±0.1   1.4±0.1 1.8±0.05               1.07±0.1 

 

Bacterial Pathogens 25 µl 50 µl 100 µl 50 µl (Positive control) 

Escherichia coli 1.8± 0.1 2.56±0.05 4.06±0.06 3.03±0.05 
Klebsiella sp. 1.67±0.05 2.17±0.06 2.46±0.05 2.37±0.05 
MRSA 1.13±0.06 1.47±0.05 1.86±0.1 1.43±0.06 
Proteussp. 2.47±0.05 3.03±0.1 3.37±0.06 2.87±0.1 
Vibrio sp. 1.4±0.06 1.9±0.05 2.3±0.05 1.8±0.06 
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Fig. 2. Antifungal activity of Nannochloropsis oceanica extracts (Positive control-fluconazole; 

Negative control- distilled water) 
Hemolytic activity 
The micro algae, Nannochloropsis oceanica after methanol extraction produced notable hemolytic 
activity on chicken, goat and human (O + ve) erythrocytes. The highest hemolytic activity was observed in 
chicken blood (32 HU). 

 
Fig. 3. Hemolytic assay of methanol extracted Nannochloropsis oceanica on chicken, goat and 

Human (O +ve) erythrocytes. 

Table 3. Hemolytic activity of methanol extracted Nannochloropsis oceanica on chicken, goat and 
Human (O +ve) erythrocytes. 

Sample Haemolytic unit (HU) 
Chicken blood Goat blood Human blood (O+ve) 

Nannochloropsis oceanica  
32 

 
16 

 
16 

 
CONCLUSION 
Finally, we conclude that microalgae Nannocloropsis oceanica from Vellar estuary, southeast coast of India 
are potential sources of bioactive compounds and should be investigated for natural antibiotics. 
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