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This study was conducted to evaluate the total phenolic, flavonoid content, antioxidant, 

and antibacterial activity of hydomethanolic Limnospira fusiformis TL03 . 

 The total phenolics and flavonoids were determined by using the Folin-Ciocalteu and 

aluminum chloride methods, respectively. The YL 9100 HPLC was used to identify the phenolic 

compounds. 
 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity and beta-carotene-

linoleic acid tests were used to evaluate antioxidant activity in vitro. The antimicrobial 

activities were tested against six bacteria using the disc diffusion method and the agar dilution 

method. 

 The total phenolic and flavonoids contained in the hydromethanolic extract were 18.41 

±0.18 mg GAE/g DW and 2.11 ±0.12 mg quercetin/g DW, respectively. The result of polyphenol 

analysis showed the presence of: Ascorbic acid, Gallic acid, Luteolin , Quercetine, Kaempferol. 

This extract shows strong DPPH radical scavenging and β-carotene bleaching activities 

with a percentage of 86.19±1.61% and 85.87±1.65%, respectively, in addition to activity 

antibacterial, in which the zone inhibition diameters (ZID) range from 33.33±1.53 to 11±1 mm, 

with the higher value antibacterial activity (33.33±1.53 mm) registered against S. aureus and 

the lower minimum inhibitory concentrations (MIC) observed against K pneumonia (0.78 

mg/ml). In conclusion, it was revealed that the hydromethanolic extract of L. fusiformis TL03. 

has significant antioxidant and antibacterial properties 

Keyswords: Limnospira fusiformis TL03, Total phenolic and flavonoid, HPLC, DPPH, Beta 

carotene, Antibacterial activity 

 

INTRODUCTION 
 

There is growing interest in the global 

health community about oxidative stress and 

the spread of infectious diseases. The oxidative 

stress, caused by a variety of stressors and free 

radical inducers, may be responsible, to varying 

degrees, for the onset and/or development of 

many diseases, including cancer, diabetes, 

metabolic disorders, atherosclerosis, and 

cardiovascular disease 1. The treatment of 

oxidative stress through the long-term use of 

synthetic antioxidants may cause some health 

problems, such as skin allergies, digestive 

problems, and, in some cases, an increased risk 

of cancer2-6. The global outbreak of infectious 

bacterial diseases with the widespread 

prevalence of antibiotic-resistant bacteria poses 

another threat to human and animal health. 

Plants are a sustainable source of 

bioactive substances that have been used as 
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folk medicines by humans since ancient times 
7,8to treat various diseases, and also their 

diversity of chemical compounds has been used 

in the production of various drugs. Microalgae 

and Cyanobacteria are also valuable sources of 

bioactive compounds, with a tenfold greater 

diversity of bioactive substances compared to 

land plants9. 

 In the recent years, there has been an 

increased interest in microalgae and 

cyanobacteria research due to their wide 

biotechnological applications including, 

wastewater treatment, carbon dioxide fixation, 

production of biodiesel and methane10-16..In 

addition in agriculture as biofertilizers17, 18 and 

biostimulants19.  

Cyanobacterium (Limnospira and / or 

Arthrospira), commercially known as 

Spirulina20-22, is one of the most produced 

microalgae and cyanobacteria worldwide23; 

about 30% of the world global algal biomass 

production comes from the genus 

Arthrospira24. The global production was 

89,000 tons in 2016 (FAO, 2018)25. Spirulina 

has been consumed by humans since ancient 

civilizations such as the Aztecs, who were the 

first to realize the nutritional value of these 

organisms26 -27 and is still traditionally 

consumed in Africa, near Lake Chad 28. 

Spirulina have high nutritional value29; it 

contains a high amount of proteins with all 

essential amino acids30-35.and essential fatty 

acids, minerals, pigments, vitamins, and 

phenolic compounds. It was proven to be used 

as a food supplement, animal feed, cosmetics, 

and natural coloring ; food colors 36-42 

.Furthermore, the biological and therapeutic 

study of spirulina has also received a lot of 

attention due to the fact that it contains many 

bioactive compounds with therapeutic 

properties27,41, 43, 45- 51  including weight control, 

intestinal flora, anticancer and immune 

modulating activities, Anti-inflammatory, 

antioxidant, antiviral, and antibacterial41,52, 53. 

In this paper, the first study on the 

biological activity of Limnospira fusiformis 

TL03, recently isolated from Telamine Lake in 

the northwest of Algeria. Therefore, the current 

study was carried out to assess the antioxidant 

activities of Limnospira fusiformis TL03 

hydromethanolic extract  and the 

characterization of its polyphenolic compounds  

in addition to  evaluate its antimicrobial 

activity using agar well-diffusion assay and 

minimum inhibition concentration (MIC) 

against selected Gram positive and Gram 

negative bacteria. 

 

MATERIAL AND METHODS 

 

Chemicals Carrageenan, linoleic acid, 

ascorbic acid, butylated hydroxytoluene, 

Tween 40, potassium ferricyanide, DPPH, 

Ferric chloride, β-carotene, Methanol, Galic 

acid, Rutin, Vanillic acid, Flavone, Galangin, 

Caffeine, Stearic acid, Tannic acid, Myricetin, 

Alpha-tocopherol, Morin, Apigenin, Diosmin, 

Catechin, Tangeretin, 5-Hydroxy-flavon, 

Chrysin, Kaemferide, Robinin, 3-Hydroxy-

flavon, Acacetin, Hesperetin, Quercetin, 

6.methoxyflavone, Aspirin, Acetic acid used in 

the experiment were procured from Sigma 

(Sigma-Aldrich, Germany). 

 

Biological material 

Cyanobacterium strain: The 

cyanobacterium Limnospira. fusiformis TL03 

(accession number MZ215991.1) was isolated 

from Telamine Lake in northwest Algeria. 

 

L. fusiformis TL03 Culture conditions  

L. fusiformis TL03 was cultured in Bleu 

Green medium BG1154
,
 where the pH was 

adjusted to 9.5 and the medium was autoclaved 

at 121 °C for 20 min. 

The incubation was performed under 

controlled conditions: a temperature of 30 ± 2 

°C and continuous light of 2.7 Klux provided 

by white fluorescent tubes. The mixing of the 

cells was carried out by aeration pump in order 

to keep the cells in suspension and to avoid 

their agglomeration. After incubating for 20 

days, the cells were harvested, washed with 

distilled water, and dried using a lyophilizer. 

(ALPHA 1- 2 LD plus). 

 

Bacterial strains 

The tested bacteria were provided by the 

Microbial Systems Biology Laboratory, Kouba 

Higher Normal School of Kouba, Algeria. The 

antibacterial activity of hydromethanolic 

extracts of L. fusiformis TL03 was tested 

against six strains of pathogenic bacteria 

(Table 1). 
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Table 1 : Tested bacterial strains. 

Bacteria Strains Origin 

Bacteria gram 

positive 

Bacillus subtilis (B. subtilis) ATCC 6633 

Staphylococcus aureus (S. aureus) CIP 7625 

Listeria monocytogenes (L. monocytogenes) CIP 82110 

Bacteria gram 

negative 

Escherichia coli (E. coli) ATCC 10536  

Pseudomonas aeruginosa(P. aeruginosa) CIP A22 

Klepseilla pneumonia (K. pneumonia) CIP 82.91 

ATCC : American Type Culture Collection, CIP : Collection de l'Institut Pasteur (Institut Pasteur 

Collection). 

 

Extract preparation 

A crude hydromethanolic extract of L. 

fusiformis TL03 was prepared by macerating 2 

g of freeze-dried algae in 100 mL of 

methanol/water (7 v: 3 v). The mixture was 

kept at room temperature in the dark for 24 

hours and then filtered through Wathman No. 1 

paper. These procedures were repeated three 

times to extract the maximum amount of 

compounds. The three filtrates were collected 

in an opaque glass vial and then dried at 40 °C 

using a rotary vacuum evaporator (Buchi R-

210). The dried extracts were stored at 4°C in 

the dark until use. 

 

Total phenolic assay 

The total phenolic content of the extract 

was assessed using spectrophotometric 

methods55 based on the Folin-Ciocalteu 

reagent. 3.9 ml of distilled water was combined 

with 0.1 ml of diluted hydromethanolic crude 

extract (10 mg/mL), and the mixture was 

thoroughly mixed with 0.25 mL of Folin-

Ciocalteu reagent for 3 min. Then, 0.75 mL of 

20% (w/v) sodium carbonate (Na2CO3) was 

added to the mixture. After thorough mixing, 

samples were incubated in a water bath at 40 

°C for 40 min. The absorbance was measured 

at 765 nm against a blank sample consisting of 

distilled water instead of the diluted sample. 

The total phenolic content of the extracts was 

determined and expressed as mg of Gallic acid 

equivalents (GAE) per gram of sample in dry 

weight (mg GEA/g) using the regression 

equation of the calibration curve. The analysis 

was conducted three times. 

 

Equation: y = 0.0795X - 0.1033 

 

Total flavonoid content 

The total content of flavonoids in the 

crude extract was determined by the aluminum 

chloride colorimetric method 56 Briefly, 0.75 

mL of hydromethanolic crude extract (10 

mg/mL) was made up to 1.5 mL with 2% AlCl3 

solution methanol. The mixture was well mixed 

before incubation at room temperature in the 

dark for 10 minutes. The mixture absorbance 

was measured at 440 nm against the standard 

containing a diluted solution of AlCl3. 

A calibration curve for quercetin was used 

to determine the total flavonoid concentration 

and the result was expressed as milligram 

equivalents of quercetin per gram of dry 

microalgae (mg QE/g). Equation: Y = 0.5658X 

– 0.1155 

 

Polyphenol analysis 

The HPLC analysis of crude 

hydromethanolic extract of L. fusiformis TL03 

was performed using a Young Lin YL 9100 

HPLC chromatograph with a UV-Vis detector 

(YL9120). The separation was achieved by a 

reversed-phase Agilent XDB Eclipse C8 

column (250 mm/4.6 mm/5 m). The mobile 

phase was bi-distilled water enriched with 0.1 

% acetic acid (Eluent A) and gradient methanol 

(Eluent B). The flow rate was adjusted at 1 

mL/min, the temperature was regulated at 30 

°C, and the injection volume was 20 µL. The 

HPLC gradient elutiens were as follows: 0–50 

min, 95% elution A and 5% elution B; 50–60 

min, 5% A and 95% elution B. The 

chromatograms were recorded at 254 and 280 

nm. 

Each compound of phenolic acids and 

flavonoids contained in hydromethanolic 

extract was identified by comparing its 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bacillus
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retention time (Rt) and the UV spectra to those 

of the following standards (Galic acid, Rutin, 

Vanillic acid, Ascorbic acid, Flavone, Galangin 

Caffeine, Stearic acid, Tannic acid, Myricetin, 

Alpha-tocopherol, Morin, Apigenin, Diosmin, 

Catechin, Tangeretin, 5-Hydroxy-flavon, 

Chrysin, Kaemferide, Robinin, 3-Hydro-flavon, 

Acacetin, Hesperetin, Quercetin, and 

6.methoxy-flavon, Xanthotoxine, Luteolin, 

Kaempferol) 

 

Antioxidant Activity 

DPPH radical scavenging activity 

The DPPH assay was performed according 

to Tep 57
, the Crude hydromethanolic extracts 

(10 mg/ml) were prepared in a series of 

dilutions (0.125, 0.250, 0.5, 1, 2, 3, 4, and 5 

mg/ml) by adding methanol. 

An equal volume of DPPH solution 

dissolved in methanol (0.004%) was added to 

1.5 ml of each diluted test extract (0.125 to 5 

mg/ml). After vigorous mixing for 10 seconds, 

the solution was incubated at room temperature 

in the dark for 30 minutes. The absorbance was 

read at a wavelength of 517 nm. Reference 

standards of BHT, Ascorbic acid, Trolox, 

Vitamin E were used as benchmarks. 

All samples were performed in triplicate. 

The following formula was used to 

determine the percentage of free radical DPPH 

inhibition  

 

(I %) = [(Ac - As)/ (Ac)] × 100 [Tep]57. 

 

Where As is the sample absorbance and 

Ac represents the absorbance of the control 

reaction, which uses all the reagents except the 

test substance. 

The IC50 value was used to determine the 

antiradical activity of the samples; this value is 

the concentration of the sample required for 

50% inhibition of DPPH radicals 

 

 Beta-carotene determination 

Two mg of beta-carotene was dissolved in 

10 ml of chloroform, and 2 ml of this solution 

was added to a vial previously containing 40 

mg of linoleic acid and 400 mg of Tween 80. 

The mixture was agitated, and then the 

chloroform was completely evaporated using a 

rotary vacuum evaporator. Afterward, 100 ml 

of distilled water was added to the residue. 

After thoroughly mixing, a volume of 4.8 mL 

of the obtained emulsion was transferred to test 

tubes, each one containing 0.2 mL of the 

extract (10 mg/mL) or the same volume of 

control antioxidants (BHT). 

The tubes were placed in a water bath at 

50 °C and the absorbance was measured at 470 

nm at intervals of 30, 60, 90 and 120 minutes. 

Samples were performed in triplicate 

The bleaching rate of beta-carotene (R) is 

calculated according to Al-Shaikhan58 as 

follows: 

 

Rt = In (Abst0/Abst)/t 

 

Rt: the bleaching rate of beta-carotene at 

times (30, 60, 90, and 120 minutes); In: natural 

logarithm; Abst0 corresponds to the initial 

absorbance of the emulsion immediately after 

sample preparation (t = 0 minutes); Abst: the 

absorbance of the emulsion at times (30, 60, 

90, and 120 minutes). The percentage of 

antioxidant activity is calculated using the 

following equation: 

Antioxidant activity % = [(R control - R 

sample)/R control] x100. 

 

R control and R sample are the average 

rates of control and sample (extract) bleaching, 

respectively. 

 

Antibacterial activity test 

Two methods were used to evaluate the 

antimicrobial activity of crude 

hydromethanolic extract of L. fusiformis TL03: 

disc diffusion and agar dilution method  

 

Disc diffusion method 

Disc diffusion preparation 

The disc diffusion technique was used to 

assess the antibacterial activity of the 

hydromethanolic extract of L fusiformus TL03. 

Sterile Whatman No. 1 discs (5.5 mm in 

diameter) were impregnated with 10 μl of 

hydromethanolic extracts (50 mg/ml).  

Ampicillin (1 mg/mL) was used as a control  

The tested bacterial strains were plated 

individually on nutrient agar. After 18 hours of 

incubation at 35°C, the colonies were 

transferred to saline (0.9% NaCl) to obtain a 

suspension turbidity equivalent to 1.5 x 108 

CFU/mL [Alagawany] 59 

One hundred microliters of bacterial 

aliquots were spread on the surface of Mueller-
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Hinton agar (MHA) Petri dishes and then, three 

sterilized dried paper discs containing crude 

hydromethanolic extract or control (ampicillin) 

were placed equidistantly on the surface of 

agar Petri dishes (90 mm diameter) for each 

bacterial strain tested. Prior to incubation, the 

Petri dishes were placed in the dark at 4°C for 

1 hour to allow the hydromethanolic extract 

and the ampicillin to spread. Then the plates 

were incubated at 37 °C for 24 h, and the 

inhibition zones diameters (mm) around the 

discs were measured by the transparent ruler. 

 

Agar dilution method:Minimum inhibition 

concentration (MIC) 

From the initial concentration of crude 

hydromethanolic extract (50 mg/ml), a series of 

double dilutions (25, 12.5, 6.25, 3.125, 1.56, 

0.78 mg/ml) were prepared by addition to 

Mueller-Hinton broth.  The control was 

prepared using the same method as described 

above with double dilution of ampicillin (0.5, 

0.25, 0.125, 0.0625, 0.032, and 0.016 mg/mL). 

One hundred μL of each tested bacterial 

cell suspension (1.5 108 CFU/ml) was placed 

separately on the Petri agar surface. All plates 

were incubated at 37 °C for 24 hours. 

The MIC values were defined as the 

lowest concentration of antibacterial agents 

that inhibited the growth of bacteria [Ashour] 60 

 

Statistical analysis 

The statistical analysis was conducted 

using IBM SPSS 25.0 software. The data were 

presented as means ± standard error (S.D.). The 

differences between groups were analyzed 

using a one-way analysis of variance 

(ANOVA) test, followed by the Tukey test. 

 

RESULTS AND DISCUSSION 

 

Results  

Quantification of TPC and TFC 

This study showed that the hydromethanol 

extract of L fusiformis TL03 contained a high 

total phenolic  and flavonoid. The total 

phenolic and flavonoid compounds were 

18.41±0.18 GAE mg/g and 2.11±0.12 QE mg/g 

DW, respectively. 

 

Polyphenol analysis 

The phenolic compounds of the 

hydromethanolic extract of L. fusiformis TL03 

were investigated by HPLC chromatography.  

The phenolic compounds contained in the 

extract were identified by comparing the 

retention time and UV spectra of the peaks 

obtained from the extract with those of the 

standards. 

The results of HPLC analysis of the crude 

extract showed the presence of seven 

compounds including: Ascorbic acid, Gallic 

acid, Luteolin, Quercetin, Kaempferol. (Fig. 1, 

Table 2). 

 

Antioxidants activities 

In this study, two assays (DPPH and beta-

carotene/linoleic acid test) were used for the 

evaluation of the antioxidant activity of the 

hydromethanolic extract of L. fusiformis TL03 

and the results are shown in Table (3). 

 

 

Fig.1: HPLC chromatogram of L. fusiformis TL03 hydromethanolic extracts. Phenolic compounds 

identified: (1): Ascorbic acid, (2): Gallic acid, (3): Luteolin, (4): Quercetine, (5): 

Kaempferol. 
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Table 2: The phenolic compounds identified by HPLC-DAD in hydromethanolic extract of L. 

fusiformis TL03. 

N0 Compound Area  Retention time Nature of compound 

1 Ascorbic acid 0.5 3.66 Vitamine C 

2 Gallic acid 1 10.34 phenolic acid. 

3 Luteolin  1.6 33.53 Flavon 

4 Quercetine 1 35.703 Flavonol 

5 Kaempferol 0.1 49.303 Flavonol 

 

Table 3: Antioxidant activity (DPPH assay) and IC50 value in hydromethanolic extract of L.fusiformis 

TL03. 

Extracts /standars  IC50 ( µg ml -1 )DPPH  % inhibition of DPPH 

Hydromethanolic extract 470 86.19 ± 1.61 (a) 

BHT 72,16 ± 0,1 82,36 ± 0,94 (b) 

Ascorbic acid 4 ± 0,1 98,54 ± 0,25© 

Trolox 6,86 ± 0,05 98,03 ± 0,09© 

vitamine E 9,55 ± 0,07 94,08 ± 0,1(d) 

 

DPPH 

The crude hydromethanolic extract of L 

fusiformis TL03 show strong antioxidant 

activity with percentage inhibition of DPPH 

radical reached to 86.19±1.61 %. 

Comparing this result with the standards 

(antioxidant references), the percentage of free 

radical inhibition of the extract was higher than 

that of BHT (82.36 ± 0.94%), while it was 

lower than that of other standards such as 

Ascorbic acid (98.54 ± 0.25%), Trolox (98.03 

± 0.09%), and Vitamin E (94.08 ± 0.1%). 

The IC50 value for TL03 hydromethanolic 

extracts was 470 µg/ml. While their values 

were 72.16 ± 0.1, 4 ± 0.1, 6.86 ± 0.05 and 9.55 

± 0.07 µg.ml-1 for -BHT, ascorbic acid, Trolox 

and vitamin E, respectively. 

 

Beta carotene  

The results of the percentages of 

antibleaching activities showed that the 

hydromethanolic extract of Limnospira 

fusiformis was significantly more effective in 

inhibiting the oxidation of linoleic acid (60. 35  

 

 

 

± 1.33 % ) (p< 0.05) than that of  BHT (52.5 

±0.82 %):  

 

Antibacterial activities  

The antibacterial activities of crude 

hydromethanolic extract of L. fusiformus TL03 

were evaluated against six strains of bacteria 

by measuring the diameter of the inhibition 

zones, and the results were registered in Table 

4.and Fig. 2. 

The tested bacterial strains revealed 

different results, in which the diameters of the 

inhibition zone (ZID) ranged from 16.33±0.58 

to 33.33±1.53 mm at a concentration of 50 

mg/ml. The highest mean of zone inhibition 

diameter was registered against the Gram-

positive bacterium S. aureus (33.33±1.53 

mm), followed by B. subtilis (16.67±0.58 mm) 

and L. monocytogenes (16.33±0.58 mm). 

For Gram-negative bacteria, the highest 

value of zone inhibition diameter 

(16.33±1.15mm) against K. pneumonia 

was followed by P. aeruginosa (14.67±0.58 

mm) and the lowest E. coli (11±1mm) 

https://en.wikipedia.org/wiki/Phenolic_acid
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bacillus
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Table 4: Antibacterial activity of crude hydromethanolic extract of L. fusiformus TL03 tested by 

disc diffusion and Agar dilution method. 

Bacterial strains 
L. fusiformis TL03 extract Ampicilline 

ZID(mm) MIC(mg/ml) ZID(mm) MIC(mg/ml) 

Bacteria 

gram 

positive 

B. subtilis 16.67±0.58(a) 6.25 19.67± 0.58(d) < 0.016 

S. aureus  33.33±1.53(b) 6.25 40±00(e) 0.5 

L. monocytogenes  16.33±0.58(a) 6.25 35±00(b) 0.5 

Bacteria 

gram 

negative 

E. coli  11±1( c ) 12.5 24.33±1.15(f)  <0.016 

P. aeruginosa  14.67±0.58(a) 1.56 9.67±0.58(c ) < 0.016 

K. pneumonia  16.33±1.15(a) 0.78 40.33±0.58(e) 0.25 

MIC: Minimum inhibitory concentration, ZID: zone inhibition diameter.  

Different letters indicate significant difference (P< 0.5) . Error bar represents standard error (n = 4).  

 

 

Fig. 2: Zone inhibition diameters (ZID) of the hydromethanolic extract of L. fusiformis TL03 (A) and 

the antibiotic Ampicilline (B) against six bacterial strains. 1: B. subtilis; 2: S. aureus; 3: L. 

monocytogenes; 4: E. coli; 5: P. aeruginosa; 6: K. pneumonia. 

 

Diffusion method 

The minimum inhibitory concentrations 

(MIC) of L. fusiformus TL03 extracts are 

shown in Table 4 and Fig. 3 

The results showed that the MICs 

(minimum inhibitory concentrations) of  the 

methanolic extract(Table 5) ranged from 0.78 

mg/ml to 12.5 mg/ml. The lowest MIC value 

(0.78 mg/ml) was registered against K. 

pneumonia, followed by P. aeruginosa (1.56 

mg/ml. whereas the highest value (12.5 mg/ml ) 

was against E. coli. However, the MIC of this 

extract was 6.25 mg/ml against three bacteria 

gram+, B. subtilis , S. aureus and L. 

monocytogenes. The MIC of ampicillin ranged 

from 0.5 mg/ml to less than 0.016 mg/ml, 

where the highest value was registered against 

S. aureus and L. monocytogenes, followed by 

0.25 mg/ml against K. pneumonia, while the 

lowest value (less than >0.016 mg/ml) was 

obtained against B. subtilis, P. aeruginosa, and 

E. coli. 

https://www.ncbi.nlm.nih.gov/nuccore/MZ970329.1/
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bacillus
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Fig. 3: Minimum inhibition concentration of the hydromethanolic extract of L. fusiformis TL03 (A-D) 

and the antibiotic Ampicilline (E-F) against six bacterial strains. 1: B. subtilis; 2: S. aureus; 

3: L. monocytogenes; 4: E. coli; 5: P. aeruginosa; 6: K. pneumonia. 

A : 12.5 mg /ml ,  B : 6.25 mg /ml, C: 1.56 mg /ml, D: 12.5 mg /ml,  E: 0.5 mg /ml,  F: 0.016 mg /ml. 

 

Table 5: Antibacterial activity of crude hydromethanolic extract of L.  fusiformus TL03 tested by 

disc diffusion and Agar dilution method. 

Bacterial strains 
L. fusiformis TL03 extract Ampicilline 

ZID(mm) MIC(mg/ml) ZID(mm) MIC(mg/ml) 

Bacteria 

gram 

positive 

B. subtilis 16.67±0.58(a) 6.25 19.67± 0.58(d) < 0.016 

S. aureus  33.33±1.53(b) 6.25 40±00(e) 0.5 

L. 

monocytogenes  

16.33±0.58(a) 6.25 35±00(b) 0.5 

Bacteria 

gram 

negative 

E. coli  11±1( c ) 12.5 24.33±1.15(f)  <0.016 

P. aeruginosa  14.67±0.58(a) 1.56 9.67±0.58(c ) < 0.016 

K. pneumonia  16.33±1.15(a) 0.78 40.33±0.58(e) 0.25 

MIC: Minimum inhibitory concentration, ZID: zone inhibition diameter.  

Different letters indicate significant difference (P< 0.5) .Error bar represents standard error (n = 4).  

 

Discussion 

Phenolic compounds are secondary 

metabolites essential for plant physiological 

processes, stress responses, and survival under 

harsh conditions 61
. The phenolic content of S. 

platensis is also influenced by a number of 

parameters, such as algal species, origin, 

culture conditions, stress factors, time of 

biomass collection, and age, as well as the 

methods of their extraction and solvents 

utilized62.  They are classified as simple 

phenols, phenolic acids, flavonoids, xanthones, 

stilbenes, and lignans63,64. Flavonoids and 

phenolic acids are the main classes of phenolic 

compounds reported in Spirulina43
.
 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bacillus
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The total phenol content in the 

hydromethanolic extract of L. fusiformis TL03 

agrees well with the results of other previously 

reported spirulina species63, 65 ,66, while being 

higher than those documented in several 

research67-73.  

 

Total contents of flavonoids 

By comparing our findings of total 

flavonoids in this study (2.11 ± 0.12 QE mg/g 

DW) with those reported by several authors, 

we noticed that the level of flavonoids in the 

hydromethanolic extract of the examined algae 

was higher than that found in other studies. 

[Bellahcen]67 found that the total contents 

of flavonoids in ethanolic and aqueous extracts 

(0.21 ± 0.01 and 0.15 ± 0.01 mg quercetin/g 

dw, respectively) of Moroccan Spirulina. 

[Thangaraj]70 reported that the total flavonoids 

in the methanolic extract of Arthospira 

platensis (spirulina) were 1.42 ± 0.05 mg/g dry 

weight. 

Other studies reported that the amount of 

flavonoids present in a spirulina extract was 

determined to be 142.23 mg quercetin/kg of 

extract71 and 176.3 ± 7.65 mg QE/100 g in the 

aqueous extract of spirulina powder65. 

On the other hand, some studies indicated 

a high amount of total flavonoids compared to 

our findings. [Zainoddin]64 declared that the 

total flavonoid content in spirulina was 11.19 ± 

0.07 mg QE/g DW. [Seghiri]69 found the 

content in the methanolic extract of Moroccan 

Spirulina to be 15.60 ± 2.74 mg RE/g dw. 

 

Hplc Analysis 

The polyphenol chromatographic analysis 

of the crude hydromethanolic extract of L. 

fusiformis TL03 revealed the presence of 

various compounds, of which five were 

identified (Fig 1 and Table 

 2). These results are similar to those of 

previous studies in which the authors 

mentioned the presence of ascorbic acid, gallic 

acid, luteotin, quercetin, kaempferol, and other 

phenolic compounds in different species of 

spirulina67-69, 74-76, 78, 80. 

 

Antioxydant Activities  

DPPH 

The DPPH assay results of this study 

(Table 3) showed that the hydromethanolic 

extracts of the TL03 strain possessed strong 

radical scavenging activity. The result of this 

study is similar in part to other study on the 

effective scavenging activity of DPPH radicals 

in Spirulina platensis extract81, where the 

inhibition values of extracts prepared from 

50%, 70%, and 96% methanol/water were 

91.81%, 78.94%, and 58.61%, respectively80. 

In agreement, other study recorded the high 

percentage inhibition of DPPH radicals (97.37, 

89.47, and 77.66%) in methanolic extract of  S. 

obliquus, B. eriensis, followed by P. 

pyrenoidosa, respectively 74.  

While the DPPH assay finding is greater 

than that of a methanolic extract of Arthrospira 

platensis reported by GHEDA 82 and those 

reported for green microalgae including 

Chlorella sp.E53 , Chlorella sp.ED53 and 

Chlorococcum sp.C5383.  

The potent antiradical activity may be due 

to the presence of phycobilin pigments (C-

phycocyanin, allophycocyanin, and C-

phycoerytherin) as well as phenolic and 

flavonoid compounds in the methanolic extract 

of Arthrospira84. 

The obtained results of IC 50 are higher 

compared to those mentioned by Abd El-

Baky77, who reported that the IC 50 of extracts 

derived from S. maxima cultured in Zarrouk 

media containing 2.5, 1.875, 1.25, 0.625, and 0 

NaNO3 g/L revealed an IC50 value of 30.0, 

28.0, 26.0, 23.0, and 22.0 µg /ml, respectively. 

Furthermore, the inhibition percentage of this 

study was higher than those (ranging from 

60.33 ± 1.12 to 81.14 ± 1.25%) reported in 

different media of the same study. 

 

Beta carotene 

Carotenoids are important groups of 

pigments (red, orange, or yellow colors) that 

are present in plants, fungi, bacteria, and algae 

and cyanobacteria85,86. They are also key 

metabolites for human nutrition and health87.  

Natural carotenoids (lutein, β-carotene, 

and lycopene) have beneficial effects on both 

human and animal health88,89. B-carotene 

remains their essential source of vitamin A, 

which is necessary for the functions of the 

retina. In addition, it possesses anticancer, and 

antiviral and antibacterial properties90. 

 

The effectinesse of hydromethanolic extract 

to inhibit β-carotene bleaching was 85.87 ± 

1.65% at 10mg/mL (Table 4). The result of 
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this study of beta-carotene bleaching (Table 4) 

was consistent with that reported in Spirulina 

extract produced from various solvents (ethyl 

acetate, hexane, and chloroform extracts), in 

which β-carotene bleaching rates were 

93.64±0.25%, 73.36±0.35%, and76.77±0.12%, 

respectively91. 

 

Antibacterial Activities  

Several studies have investigated the 

antimicrobial activity of Spirulina extracts 

against the bacterial strains tested in this study, 

in addition to other pathogenic bacterial strains. 

B. cereus68,92 and S. aureus68,93-99, L. 

monocytogenes,  E. coli68, 93-95, 97, 99, 100, P. 

aeruginosa93, 94, 97  and K. pneumonia94, 95, 97, 99. 

Those authors reported that there are different 

levels of effectiveness depending on the algae 

species, culture condition, process, and 

solvents used for the extraction. 

Our findings (Table 5) showed that L 

fusiformis TL03 extracts had strong 

antibacterial activity against S. aureus, B. 

cereus, K. pneumonia, P. aeruginosa, and L. 

monocytogenes, whereas they had less activity 

against E. coli. 

These results are also in agreement with 

previous studies99,101, 102, which confirmed that 

the methanol extract of Spirulina platensis 

showed high activity against several positive 

and negative gram-positive bacteria 

(Staphylococcus aureus, Bacillus cereus, 

Escherichia coli, Pseudomonaeruginosa, 

Klebsiella pneumoniae, Streptococcus 

pyogenes, Streptococcus epidermidis, Proteus 

mirabilis, Salmonella typhi, and Shigella 

flexneri). 

According to Abdel-Moneim103, The 

methanolic extract of Spirulina platensis 

exhibited greater total phenolic content, 

antioxidant activity, and antibacterial activity 

in comparison to other extracts (hexane and 

acetone extracts). Furthermore, it has been 

noted that the methanolic extract of Spirulina 

platensis has potent antimicrobial and 

antifungal activities against some pathogenic 

microbial strains104.  

Martelli68 demonstrated similar results as 

our findings, where the hydroethanolic extracts 

of A. platensis showed the highest 

antimicrobial activity (ZID = 15 mm) against 

gram-positive bacteria (L. monocytogenes, S. 

aureus, and B. cereus) and interesting 

inhibition results for gram-negative bacteria (E. 

coli, Salmonella spp.). 

Kaushik99 reported that the ZID of 

methanolic extract of Spirulina platensis 

against three bacteria (S. typhi, P. aeruginosa, 

E. coli, S. aureus) ranged from 11.52±.18 to 

15.21±.1mm but no activity was observed 

against K. pneumonia. 

Abdel-Moneim103 stated Reported that the 

strong antimicrobial activity of the methanolic 

extract may be due to its high phenolic content. 

According to some published papers105,106, 

the antimicrobial activities of algae against a 

variety of bacteria and fungus are linked to 

polyphenols, terpenes, flavonoids, alkaloids, 

pigments,amino acids, polysaccharides (such as 

depolymerized fucoidans), lipids, and other 

lipid-soluble substances. 

Spirulina bioactive compounds can 

damage bacterial cell integrity by increasing 

membrane permeability, which leads to loss of 

cytoplasmic content and then cell death103. On 

the other hand, Demule107 reported that the 

antibacterial activity of the methanolic extract 

of S. platensis is caused by the presence of a 

significant amount of linolenic acid. 

The minimum inhibitory concentration 

(MIC) of hydromethanolic extract of L 

fusiformis TL03 (Table 5) ranging from 0.78 

to 12.56 mg/ml. These results agree in part 

with previous studies by Abdel-Moneim103, 

which recorded that the MIC values of 

Spirulina extracts (methanol, hexane, and 

acetone) against tested bacteria ranged from 1.2 

to 10 mg/ml, with the lowest level MIC in 

methanol extracts (1.2 to 2 mg/ml). 

These data are also in agreement with the 

previous study by Usharani102, who reported 

that the MIC value of methanolic extract of 

Spirulina platensis against eleven bacterial 

strains (Staphylococcus aureus, Streptococcus 

epidermidis, Streptococcus pyogenes, Bacillus 

cereus, Proteus mirabilis, Escherichia coli, 

Pseudomonas aeruginosa, Vibrio cholerae, 

Salmonella typhi, Klebsiella pneumoniae, and 

Shigella flexneri) ranged from 1.25 mg/ml to 5 

mg/ml.  

Kaushik reported that .The MIC of 

methanol extract of Spirulina platensis against 

S. aureus and E. coli were 128 μg /ml and 256 

μg /ml, respectively. 
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Conclusion  

In conclusion, the results of this work 

showed that the methanolic extract of L. 

fusiformis TL03 contains a variety of bioactive 

compounds and has potent antioxidant and 

antibacterial properties against several 

pathogenic bacteria. Consequently, further 

research should be conducted to identify, 

isolate and characterize the molecules 

responsible for these activities, which may be 

used as alternatives to antibiotics and other 

conventional chemical drugs to treat various 

diseases. It is useful to conduct further studies 

to investigate its benefits in various 

pharmaceutical and food industry applications. 
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