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Abstract

Cyanophyceae (blue-green algae) is a group of prokaryotic microorganisms. The antioxidative phyto-
chemical constituents present in them have received attention for their role in the prevention of human dis-
eases. This study mainly concentrates on the presence of phytochemical constituents in the methanolic ex-
tract of Gloeothece rupestris and the antioxidant and antimicrobial activity of the extracted constituents. The 
qualitative phytochemical analysis showed the presence of alkaloids, carbohydrates, flavonoids, glycosides, 
fixed oils and fats, and phytosterols. The methanol extract was used at different concentrations to estimate 
the antioxidant potential by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity. The in vitro 
antimicrobial activity was evaluated against various human pathogenic bacteria, such as Staphylococcus au-
reus, Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumonia, Proteus vulgaris, Pseudomonas 
aeruginosa, and some fungal pathogens, such as Aspergillus niger, Aspergillus flavus, and Candida albicans. 
The extract showed much more effective antibacterial activity as compared with the antifungal activity. The 
study concluded that Gloeothece rupestris (Lyngbye) Bornet possesses unique bioactive compounds, poten-
tial antioxidant and antimicrobial properties, which can be exploited for industrial applications.
Keywords: Blue-green algae, methanolic extract, Gloeothece, Bioactive compounds, Antioxidant, DPPH, 
antimicrobial activity.
Резюме

Cyanophyceae (синьо-зелени водорасли) е група прокариотни микроорганизми. Антиоксидант-
ните фитохимични съединения, присъстващи в тях, представляват интерес заради ролята им в профи-
лактиката на човешките заболявания. Това изследване е фокусирано върху наличието на фитохимич-
ни съставки в метаноловия екстракт от Gloeothece rupestris и тяхната антиоксидантна и антимикробна 
активност. Качественият фитохимичен анализ показа присъствие на алкалоиди, въглехидрати, фла-
воноиди, гликозиди, фиксирани масла и мазнини и фитостероли. Екстрактът от метанол се използва 
в различни концентрации за оценка на антиоксидантния потенциал чрез изследване на 2, 2-дифе-
нил-1-пикрилхидразил (DPPH) радикалната активност. Антимикробната активност in vitro е оценена 
срещу различни човешки патогенни бактерии, като Staphylococcus aureus, Staphylococcus epidermidis, 
Escherichia coli, Klebsiella pneumonia, Proteus vulgaris, Pseudomonas aeruginosa и някои гъбични па-
тогени като Aspergillus niger, Aspergillus flavus  и Candida albicans. Екстрактът показа много по-голяма 
антибактериална активност в сравнение с противогъбичната активност. В заключение, изследването 
установи, че G. rupestris (Lyngbye) Bornet притежава уникални биоактивни съединения, с потенциал-
ни антиоксидантни и антимикробни свойства, които могат да имат промишлено приложение.

Introduction
The word Phycology is derived from the an-

cient Greek word phykos. The term Phycology is the 
systemic study of algae (South and Whittick, 2009).  

 
Algae have both microscopic and macroscopic 
members. They are important primary producers of 
an aquatic environment (Bajpai, 2018). Algae and 
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cyanobacteria are capable of fixing atmospheric 
nitrogen. The different types of pigments present 
in these organisms help them in the photosynthetic 
activity (Satpati and Pal, 2020). Algae are used as 
a protein source for humans as well as animal feed 
(Becker 2004; Becker 2007). The higher primary 
productivity of algae makes them a foundation for 
natural products or nutraceuticals (Douglas et al., 
2003). Algae are used for their anti-inflammatory 
(Kobori et al., 2007), anti-cancerous activity (Sheu 
et al., 1999; Tang et al., 2002), as an antioxidant 
product (Lv et al., 2015) for human consumption, 
and also for their antibacterial and antidiabetic ac-
tivities (Luo et al., 2015). Algae and their metabo-
lites are incorporated in various functional foods, 
pharmaceuticals, cosmetics, agricultural, aquacul-
ture, animal feed and poultry farming (Michalak 
and Chojnacka, 2018).

Blue-green algae are a common well-de-
fined group of microorganisms. They lack mem-
brane-bound organelles. Blue-green algae show 
gliding motility but never possess any flagella 
for locomotion (Fogg et al., 1973). The excellent 
growth nature of phytoplankton depends on the 
rate of CO2 utilization (Shapiro, 1973). The iso-
lation of blue-green algae is quite difficult and 
time-consuming (Stanier et al., 1971). Blue-green 
algae are important nitrogen fixators in rice fields 
(De, 1939). Blue-green algae producing growth 
stimulating factors and their nitrogen fixation ten-
dency make them suitable for use as a bio-fertilizer 
(Rodgers et al., 1979). Cyanobacteria as a source 
of bio-fertilizer offer an economic benefit to farm-
ers and also improve soil fertility. Cyanobacteria 
have the potential to be used as an ingredient in 
functional foods as well as in the pharmaceutical 
industries (Chakdar et al., 2012).

Blue-green algae are a rich source of antiviral 
compounds (Patterson et al., 1994). The increas-
ing tendency of microbial infections, and the rapid 
emergence of antibiotics against multidrug-resist-
ant organisms have directed attention towards the 
natural sources of antimicrobial compounds (Chau-
han et al., 2014; Pandy, 2015). Quercitin, phycocy-
anin pigment, polysaccharide (Abdo et al., 2012), 
amino acids, terpenoids, tannins, steroids, phenolic 
compounds, halogenated ketones, alkenes, and cy-
clic polysulfides (Kini et al., 2020) are bioactive 
compounds produced by various cyanobacterial 
species (Namikoshi et al., 1996).

In addition, in recent years, many studies 
have revealed that algae with high contents of anti-
oxidant phytochemicals can protect against various 

diseases (Urquiaga and Leighton, 2000). Free radi-
cals damage cell membranes, proteins, fats, nucleic 
acid in the cells, and are implicated in the pathology 
of many human diseases/disorder conditions like 
atherosclerosis, ischemic heart disease, the ageing 
process, inflammation, diabetes, immune-suppres-
sion, neurodegenerative diseases (Beckman et al., 
1998; Maxwell, 1999; Droge, 2002). Antioxidants 
are extensively used to counter the free radical- 
mediated oxidative stress in the cell (Blokhina et 
al., 2003). These antioxidant compounds can be 
derived from natural and chemical sources. Natu-
ral sources are much safer than chemical sources 
due to less toxicity and side effects, so the uses of 
antioxidants from natural sources like algae are in 
great requirement. Several antioxidant compounds 
have been identified from cyanobacteria, such as 
alkaloids, flavonoids, phenols, tannins, phlorotan-
nin, terpenoids, pigments, glycosides, and steroids 
in algae are thought to act as a defence mechanism 
protecting them against reactive oxygen species 
(ROS) resulting from harsh environmental condi-
tions (Yuan et al., 2006; Senguttuvan et al., 2014).
These studies show that the Cyanobacteria mem-
bers have a high chance of possessing various po-
tentialities which need to be explored widely. In 
this study we tried to identify potential applications 
of the Cyanobacteria Gloeothece rupestris for the 
first time.

The genus Gloeothece is a unicellular, nitro-
gen-fixing cyanobacterium that accumulates sul-
fate in its sheath and is a widely distributed blue-
green microalgae (Mares et al., 2013). Despite its 
wide distribution, it is poorly utilized for industrial 
applications and poorly studied for its inherent po-
tentialities. Hence, the foremost objective of this 
research was to characterize and identify the mi-
croalga isolated and to analyze its potential phyto-
chemical, antimicrobial and antioxidant properties.
Materials and Methods
Collection, identification, and isolation of the 
algal sample

The algal sample was collected from the 
terrace garden during the monsoon of 2019. The 
algal sample was identified using the morphologi-
cal characters by microscopic examination (Desik-
achary, 1959). This alga was for the first time col-
lected and reported for this region Chennai, in Ta-
mil Nadu India. Primary isolation was based upon 
the standard plating method from the microalgal 
colonies.
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Production of algal biomass
The algal species G. rupestris was grown on 

BG-11 algal media to produce biomass of the cul-
ture for the study. The microalgae inoculated flasks 
were kept in the growth chamber with 12:12 hours 
of light and dark exposure periods. The growth peri-
od of blue-green algae was extended up to 3 weeks. 
The algal biomass was filtered using Whatman no. 
2 filter paper. The algal biomass was harvested and 
dried in a hot air oven at 40°C.
Extract preparation

Dried algal biomass was used for the extrac-
tion process. One gram of biomass was weighed 
and taken for the extraction process. Fifty ml of 
methanol was added into the biomass and it was 
kept in a hot air oven at 60°C for 48 h. After 48 h of 
incubation, the extract was filtered and dried for the 
experimental process.
Screening of phytochemicals

Preliminary phytochemical analysis of algal 
extracts was carried out using standard methods. 
Presence of alkaloids (Wagner, 1993; Evans, 1997), 
flavonoids, saponins (Harbone, 1998), diterpenes, 
phytosterols, phenols (Mace, 1963), proteins and 
amino acids, glycosides (Kokate, 1986), fixed oils, 
and carbohydrates (Yasuma, 1953) were tested in 
the current study.
Antioxidant activity of Gloeothece extract

The free radical scavenging capacity of the 
freshly prepared algal extract was determined by 
DPPH (1, 1,-diphenyl 2-picrylhydrazyl) radical as-
say according to Blois, 1958. Different concentra-
tions of the methanol extract (serially diluted from 
0.8 to 0.2 mg/ml) were prepared with methanol, and 
DPPH solution (0.1 mM) was also prepared with 
methanol. For the assay, 20 µl of algal extract (in 
triplicates) in different concentrations were mixed 
with 100µl of DPPH solution and kept in an orbital 
shaker for 1 min. After mixing, the solutions were 
incubated in the dark for 30 min and absorbance 
was measured at 517 nm. The control sample pre-
pared without any extract and ascorbic acid was 
used as a positive control. 95% methanol was used 
as blank. The test was performed in triplicates and 
the results were averaged. The percentage of DPPH 
scavenging activity was calculated as follows:

In vitro antimicrobial activity of Gloeothece 
extract

The cultures used for the antimicrobial activ-

ity were obtained from the culture collection of An-
nakilli Amma Research Institute (AARI), Chennai. 
Nine human pathogenic microorganisms, including 
bacterial species of S. aureus, S. epidermidis, E. 
coli, K. pneumonia, P. vulgaris, P. aeruginosa, and 
some fungal pathogens such as A. niger, A. flavus, 
and a yeast C. albicans were selected for the antimi-
crobial activity. The cultures were grown at optimal 
culture conditions and experimented in triplicates.
Agar well diffusion method

Bacterial strains were inoculated on nutrient 
broth and incubated at 37°C for 24 h. The fungal 
strains were inoculated on potato dextrose broth and 
incubated at 28 ± 2ºC for 3 days. The test organisms 
which were grown in broth cultures were adjusted 
to 0.5 Mc-Farland Standard by optical density (OD) 
method at 620 nm (1.5 x 108 cfu/ml for bacteria and 
1 x 106 cfu/ml for fungal and yeast) as per the CLSI 
guidelines.

The Mueller-Hinton agar and potato dextrose 
agar were used as a test medium. The adjusted cell 
suspensions of each test organism were swabbed on 
the agar surface under aseptic conditions (Laminar 
Airflow chamber). The 6mm wells were made on 
the agar surface using a sterile cork borer. The algal 
extract was prepared by dissolving the dry extract 
in DMSO (Dimethyl sulfoxide). Different concen-
trations of (25 µg, 50 µg, 75 µg, 100 µg, and 125 
µg) algal extracts were loaded in the different wells 
and labelled accordingly.
Results and Discussion
Isolation and identification of algal species

In the present study, water samples were col-
lected and cultured on different algal growth media. 
The isolates were subjected to microscopic obser-
vation and identified based on their cellular mor-
phology. Based on its morphology, the alga was 
identified as the species of G. rupestris and the im-
age is given in Fig. 1. The cells were oval-shaped, 
unicellular, non-filamentous, pale greyish blue 
cells surrounded by the mucilaginous sheath. These 
characters are much similar to the description given 
by Desikachary (1959), hence, it was identified as 
G. rupestris (Lyngbye) Bornet 1880, even though 
this alga was earlier reported from Madurai (Desik-
achary, 1959) and Govindapuram, Thanjavur Dis-
trict from Tamil Nadu (Mahendra Perumal and 
Anand, 2008). Here in this study, it is for the first 
time reported from Madipakkam, for Greater Chen-
nai city Corporation area, Tamil Nadu.
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Fig. 1. Microphotograph of G. rupestris (Lyngbye) 
Bornet 1880
Production of algal biomass

Dried microalgal biomass was used for the 
current study. The culture of study resulted with 
127 g/l of wet algal biomass (Fig. 2) and after dry-
ing it became just 1.05 g of biomass. The prolonged 
light cycle helped in getting higher amount of algal 
biomass in a shorter time period. The growth of the 
blue-green algae depends upon the light intensi-
ty, pH, and nutritional factors (Allen and Stanier, 
1968).

Fig. 2. Algal biomass
Screening of phytochemicals

The qualitative screening of phytochemical 
constituents using methanolic extract of G. rup-
estris is given in Table 1. The study found that G. 
rupestris has carbohydrates and glycosides abun-
dantly compared to other phytochemicals. A previ-
ous study conducted by Visweswari et al. (2013), 
designated the presence of bioactive compounds 
as the auxiliary material for pharmaceutical prod-
ucts. According to the study carried out by Shalaby 
and Shanab (2013), most of the phytoconstituents 
were extracted using absolute methanol and a high 
percentage of phenolic compounds were also ex-
tracted. If some phytoconstituents are absent in the 
extract that does not mean that these compounds 
are absent in the used plant material but instead 

those compounds might not have been successful-
ly extracted by that particular solvent. Mane and 
Bidhayak (2018) used various solvents to extract 
Spirulina platensis and concluded that methanol 
has a high potential to derive higher phytochemical 
constituents. Thus, since we used methanol as a sol-
vent, we were able to obtain positive results in most 
of the phytochemicals analysed, however, we also 
encountered some negative results which showed 
that those constituents might have been damaged 
during the process of drying and extraction. A phy-
tochemical screening from Nostoc linckia done by 
Chaitra et al. (2015), suggested that methanol can 
extract more efficiently than water. Algae produce 
various secondary metabolites which may have a 
wide range of applications in industries.
Table 1. Qualitative study on phytochemical 
screening of G. rupestris

No Tests Results
1 Alkaloids ++
2 Carbohydrates +++
3 Glycosides +++
4 Saponins -
5 Phytosterols +
6 Phenolic compounds -
7 Flavonoids ++
8 Proteins and Amino acids -
9 Diterpenes -

10 Fixed oils and Fats +

Antioxidant activity
Antioxidant activity of the plant extract is 

generally investigated by DPPH radical scavenging 
experiment. In the present study, the DPPH radi-
cal scavenging activity of the methanolic extract of 
Gloeothece spp. was evaluated and compared with 
known standard ascorbic acid. Table 2 shows the 
antioxidant effect of different concentrations of G. 
rupestris against the radicals generated by DPPH. 
However, the IC50 value of Gloeothece spp. was 
1.223 mg/ml, which is the least when compared 
with the ascorbic acid (8.89 mg/ml). The antiox-
idant activity is greater in a higher concentration 
of algal extracts. The IC50 value is comparatively 
greater than the study carried out by Costa et al. 
(2020), with the extract of G. rupestris. The metha-
nolic extract of Anabaena sp. showed IC50 value of 
101.08 mg/ml, which proves that the current spec-
imen has high radical scavenging activity (Pant et 
al., 2011). The DPPH radical scavenging activity 
of the sample is higher than the ethanolic extract of 
S. platensis used by Anbarasan et al. (2011). The 
ethanolic extract of various microalgae and cyano-
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bacterial species were studied for their radical scav-
enging activities by Assuncao et al. (2017). In their 
results, the cyanobacterial species Gloeocapsa de-
corticans has a maximum of 288.87 ± 0.01 IC50 val-
ue, which is much higher than the G. rupestris used 
in this study. The low IC50 value proves that the 
G. rupestris has higher antioxidant activity (radi-
cal scavenging activity). Based on the results, the 
blue-green algae Gloeothece sp. has a significant 

amount of activity against the oxygen free radicals, 
which proves that this alga can be considered as an 
alternative natural source of synthetic antioxidants.
Antimicrobial activity

Results show that the crude extract of G. rup-
estris has higher activity against the bacteria than the 
fungi used in this study. The extract of G. rupestris 
showed higher activity against the gram-positive S. 
epidermidis, which showed a maximum of 21 mm 
diameter zone of inhibition in 125 µg/ml extract, 
which is higher than the standard antibiotic used 
against the specific bacteria. Most of the bacterial 
cultures were inhibited by the cyanobacterium G. 

rupestris methanolic extract. The growth of S. au-
reus inhibited at 100 µg and 125 µg concentrations. 
P. vulgaris showed the highest sensitivity compared 
to the other gram-negative bacteria used in this study. 
Fungi exhibited the lower activity than the bacteria. 
The only yeast used in this study was C. albicans, 
which was resistant to the G. rupestris methanolic 
extract (Table 3). Results indicate that the gram-neg-
ative microorganisms exerted maximum inhibition 

compared to the gram-positive microorganism. The 
methanol extract exhibited maximum antimicrobi-
al activity against the tested pathogenic organism. 
Dinesh et al. (2016) reported antibacterial activity 
of methanolic extract of two green algae against K. 
pneumonia, E. coli and S. aureus with zone of inhi-
bition 12 mm, 9.5 mm and 2 mm, which is compara-
tively lower than the inhibition zones formed by the 
tested algal extract in the current study. The Gloeo-
thece extract showed higher activity against bacterial 
species P. vulgaris and E. coli than the in-vitro anti-
microbial activity of blue-green and green algae re-
ported by Prashant Kumar et al. (2006).  Similar pos-

Table 2. Radical scavenging activity absorbance data

Sample Final Conc.  
(mg/ml) Control Abs. Sample Abs. Antioxidant 

Activity Avg. SD

G. rupestris

0.2 0.612 0.583 4.74
4.03 0.660.2 0.612 0.588 3.92

0.2 0.612 0.591 3.43
0.4 0.612 0.518 15.36

14.43 0.900.4 0.612 0.524 14.38
0.4 0.612 0.529 13.56
0.6 0.612 0.612 0.468

23.53 24.130.6 0.612 0.464 24.18
0.6 0.612 0.461 24.67
0.8 0.612 0.413 32.52

33.01 0.710.8 0.612 0.412 32.68
0.8 0.612 0.405 33.82

Table 3. The Antimicrobial activity data

Tested microorganisms

Zone of inhibition (mm)
(Mean value)

Standard Negative
Control 25µg 50µg 75µg 100µg 125µg

S. aureus 34 -- -- -- -- 14.0 15.0
S. epidermidis 17 -- 12 16.0 18 19.0 21.0
E. coli 32 -- 15 16.5 17 18.5 20.0
K. pnueumoniae 36 -- 16 17.0 17.5 18.0 19.0
P. aeruginosa 21 -- 10 11.5 14 18.0 19.5
P. vulgaris 35 -- 13 15.5 18 19.5 22.0
A. niger 21 -- _ _ 16 17.0 19.0
A. flavus 19 -- _ _ _ _ 14.0
C. albicans 12 -- _ _ _ _ _



139

itive results were obtained by Seddek et al. (2019), 
in methanolic extract of blue-green algae against K. 
pneumonia, E. coli, S. aureus, and C. albicans. 

The present study recorded the highest zone of 
inhibition compared to previous reports. Heidari et 
al. (2012) investigated the antimicrobial activity of 
seven different Cyanobacterial extracts against var-
ious bacterial and fungal pathogens. Among those 
seven, six species of cyanobacteria did not show 
any antibiotic activity against the yeast C. albicans 
similarly to the current study result. In contrast in 
their study, all the seven cyanobacterial extracts did 
not show any activity against P. aeruginosa and K. 
pneumoniae, but Gloeothece sp. extract from this 
study showed higher activity against these bacteria.
Conclusion

Alga G. rupestris (Lyngbye) Bornet was re-
ported for the first time from Chennai City area par-
ticularly from Madipakkam (Chengalpattu District, 
Tamil Nadu). This study proves that the used Gloe-
othece species has high antibacterial activity and 
antioxidant potential. The qualitative phytochemi-
cal analysis showed the presence of alkaloids, car-
bohydrates, flavonoids, glycosides, fixed oils and 
fats, and phytosterols. The different concentrations 
of methanolic extract showed high activity with a 
good IC50 value. The in vitro antimicrobial activity 
against S. aureus, S. epidermidis, E. coli, K. pneu-
monia, P. vulgaris, P. aeruginosa, and fungal path-
ogens A. niger, A. flavus, and C. albicans showed 
effective antibacterial activity as compared with 
the antifungal activity. The study concluded that G. 
rupestris possesses unique bioactive compounds, 
potential antioxidant and antimicrobial properties 
which can be efficiently utilized for various indus-
trial applications. This also supports that the blue-
green algae have the potential to be the source of 
various phytochemical constituents with antimicro-
bial and antioxidant properties.
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