
DJS Vol. 50(1)(2025) –pp. 129-146     ISSN: 1012-5965 

   

 

Delta Journal of Science 
 

Available online at  

https://djs.journals.ekb.eg/ 

 
   

Research Article                                                                                                                 BOTANY 

In Vitro Assessment of the Antimicrobial and Antioxidant Properties of 

Spirulina platensis Extracts Against Diverse Bacterial Isolates 

Nada Rageh
*
; Enas M. El-Ballat; Sobhy E. Elsilk and Mostafa M. El-Sheekh 

Botany and Microbiology Department, Faculty of Science, Tanta University, Egypt.   

*
Corresponding author: Nada Rageh                                 E-mail:  nada.rageh2024@gmail.com 

Received: 6/ 6/ 2025                                                             Accepted: 23/ 6/ 2025 

KEY WORDS 
 

ABSTRACT 

Spirulina 

platensis, 

Antimicrobial, 

Antioxidant , in 

vitro, bacteria 

isolates 

 

 

Arthrospira platensis (synonym: Spirulina platensis) has a wide 

range of activities, notably antibacterial property against bacterial 

pathogens. Therefore, they can be considered as functional 

components in natural alternatives to antibiotics. The current study 

aims to evaluate the antibacterial and antioxidant potentials of S. 

platensis extract against different bacteria isolates isolated from 

wound infections, and food sources. The extraction of spirulina was 

performed using a variety of solvents including 70% ethanol, 70% 

methanol, and cold and hot distillation water. Ethanolic extracts of 

Spirulina showed higher antimicrobial activity than methanolic 

extracts using agar well diffusion method, with inhibition zones 

ranging from 22.67 to 38.67 mm. The most resistant bacterial isolate 

was identified using 16s rRNA gene sequencing as P. aeruginosa 

with GenBank accession no. NR_114471. Moreover, the antioxidant 

activity of Spirulina extracts was performed using DPPH radical 

scavenging activity. The results showed that aqueous hot extract of 

Spirulina recorded high levels of antioxidant activity after 72 hr 

(81.78±2.19). As a conclusion, in vitro results of antibacterial 

activity of spirulina extracts proved that S. platensis could be of 

potential value in production of antimicrobial agents which could be 

effective when compared with contemporary antimicrobial 

compounds. Hot water extracts from S. platensis had high potential 

of antioxidant activity in vitro and it can be used as natural 

antioxidants. 
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Introduction 

Bacterial infection is one of the 

most common clinical diseases that can 

affect many tissues and organs of the 

human body (Wheatley et al., 2022). 

Clinically, antibiotics are used to treat 

pathogenic bacteria that have 

progressively become resistant to more 

and more antibiotics. Concurrently, the 

"last line of defense" medicines 

polymyxin, vancomycin, and others have 

also produced multi-drug-resistant 

(MDR) bacteria (Wang et al., 2022). 

Medical researchers have pointed out 

that about 50% of the world’s antibiotics 

are misused each year, and over 80,000 

people in China currently die indirectly 

or directly from antibiotic misuse in 

China each year.  

The Global Antimicrobial Resistance 

and Use Surveillance System (GLASS) 

of the World Health Organization 

(WHO) reported significant antibiotic 

resistance in 500,000 probable bacterial 

infections across 22 nations (Li et al., 

2019; Antimicrobial Resistance 

Collaborators (ARC) et al., 2022). In 

2017, the WHO identified twelve of the 

most antibiotic-resistant “superbugs” 

posing the greatest threat to human 

health, involving carbapenem-resistant 

Pseudomonas aeruginosa, Acinetobacter 

baumannii, and Escherichia coli. These 

were categorized as “urgent” level 

pathogens, highlighting the urgent need 

for the development of new antibiotics 

(Tacconelli et al., 2018; Mancuso et al., 

2021). 

P. aeruginosa is frequently found in 

chronic wound infections. It is a Gram-

negative bacterium known for its 

opportunistic pathogenicity (Kirketerp-

Møller et al., 2008; Rahim et al., 2017). 

Of its natural resistance to numerous 

antibiotics and capacity to produce 

biofilm matrices that escape traditional 

medicines, P. aeruginosa is well-known 

(Drenkard and Ausubel, 2002; Aloush 

et al., 2006;  Schaber et al., 2007; 

Kamali et al., 2020). The capacity of P. 

aeruginosa to produce biofilm matrices 

that elude traditional antibiotics and its 

inherent resistance to several drugs are 

well-known (WHO, 2017). 

Photosynthetic microorganisms known 

as microalgae use light energy to convert 

CO2 into a range of proteins, lipids , and 

carbohydrates (Barkia et al., 2019;  

Saadaoui et al., 2021). Biodiversity is 

abundant in the marine environment 

(Maharana et al., 2019) and is a 

potential natural source of antibacterial, 

anti-inflammatory, antioxidant, and 

anticancer products (Malve, 2016; Patra 

et al., 2020). The cyanobacterium 

Spirulina spp. contains a variety of 

substances, including pigments, 

polysaccharide, lipid, and protein. 

Chromophores, or pigments, are 

incorporated into complex proteins and 

non-proteins such as chlorophyll, 

phycocyanin, allophycocyanin, and 

phycoerythrin in Spirulina. The primary 

pigment that gives Spirulina its green-

blue color is called phycocyanin (PC). 

The subunits α and β proteins combine 

to produce phycocyanin, which has 

various isomeric linear tetrapyrroles with 

double bonds (bilin chromophore). A 

thioether bond to a cysteine residue 

binds the bilin chromophore to the 

polypeptide. The apoprotein has twenty 

amino acids and can chelate Hg
+2

 and 

Fe
+2 

(Borowitzka, 2009; Fernández-

Rojas et al., 2014). 

The purpose of this study was to 

investigate the in vitro antimicrobial and 

https://www.sciencedirect.com/science/article/pii/S0734975021000409#bb0635
https://www.sciencedirect.com/science/article/pii/S0734975021000409#bb0635
https://www.sciencedirect.com/science/article/pii/S0734975021000409#bb0635
https://www.sciencedirect.com/science/article/pii/S0734975021000409#bb0635
https://www.sciencedirect.com/science/article/pii/S0734975021000409#bb0635
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antioxidant potential of Spirulina 

platensis extracts against diverse 

bacterial isolates. The pharmaceutical, 

medicinal and nutritional applications of 

the tested seaweeds were documented by 

assessing the antioxidant, antimicrobial 

effects of these seaweed extracts. 

Materials and Methods 

Collection of samples 

This study involved ten bacterial isolates 

from wound infections and one from 

food sources. The isolates were obtained 

from the Tanta University of Egypt's 

Faculty of Science's culture collection. 

 Identification of bacterial isolates  

Both pathogenic and environmental 

isolates were cultivated for 24 hours on 

nutrient agar in sterile conditions. 

Following subculturing on selective 

media, the isolates were incubated for 24 

hours at 37°C. Following the 

manufacturer's recommendations, a 

single colony was subcultured to 

produce a pure culture of each isolate, 

and the VITEK®2 Compact System was 

used to identify each isolate. 

 Antibiotic sensitivity test  

Mueller-Hinton agar was used to 

examine the antibiotic susceptibility of 

bacterial isolates using the Kirby-Bauer 

disc diffusion method, according to the 

Clinical Laboratory Standards Institute 

(CLSI, 2022). AMC (30 µg), CIP (5 µg), 

SAM (25 µg), and IPM (10 µg) were the 

four distinct antibiotics from the four 

families that were evaluated. The classic 

Kirby-Bauer disc diffusion method 

selected a subset of antibiotic discs to 

investigate their efficacy against the 

isolated bacteria (Bauer et al., 1966). 

Four to five identical colonies from each 

bacterial isolate (overnight growth) were 

separately decalp into sterile distilled 

water and vigorously shaken to produce 

a 10
6
 CFU/ml turbidity under sterilized 

conditions. The Mueller-Hinton agar 

plates were inoculated within fifteen 

minutes using a sterile cotton swab 

submerged in the culture suspension. To 

ensure full contact with the agar, 

antibiotic discs were distributed over the 

surface of the inoculation plate and 

carefully pressed down with sterile 

forceps. The plates were inverted and 

incubated aerobically at 37°C for 24 

hours, followed by the application of the 

discs for 15 minutes. The diameter of 

each inhibitory eool that developed 

around the antibiotic discs was measured 

in millimeters. The Clinical Laboratory 

Standards Institute (CLSI) guidelines, 

which provide protocols for antibiotic 

testing, were followed in interpreting the 

results. Three categories were applied to 

the data: I (intermediate), S (sensitive), 

and R (resistant) (CLSI, 2022). 

Preparation of S. platensis Extract   

The algal cells of Spirulina platensis 

were obtained from the National Institute 

of Oceanography and Fisheries, 

Hydrobiology Laboratory, Al-Qanater 

Al-Khayriya, Egypt. The algal biomass 

was first dried and then ground into a 

fine powder. For extraction, 10 grams of 

dried S. platensis powder (representing 

the initial dry weight) were dissolved in 

150 mL of different solvents including 

70% ethanol, 70% methanol, cold 

distilled water, and hot distilled water. 

To prepare the hot water extract, 1 gram 

of Spirulina platensis powder was 

soaked in 30 mL of distilled water and 

incubated at 60 °C for 2 hours. The 

material was steeped in the appropriate 

solvents (1:15 w/v) inside a conical 

flask, which was then sealed with cotton 

wool. Afterwards, kept for two days at 

20–30°C on a rotatory shaker operating 

at 120 rpm. After the extracts were 

filtered, the filtrate was heated to 45°C 



 

132 Rageh et al., (2025) 

in an oven to remove the solvent. To 

obtain a 5 mg/mL final concentration, 

the crude extracts were suspended in the 

appropriate solvents and stored at -20°C 

in an airtight container to prevent 

microbial contamination. The extract 

preparation stages were then repeated as 

previously described. Following the 

formula extraction yield% 

(W1/W2)*100, each extract's extraction 

yield % was calculated. W1 stands for 

the weight of the dried crude extract, 

while W2 refers to the sample weight (1 

g) prior to extraction, according to 

Maisuthisakul and Pongsawatmanit 

(2004). 

Antimicrobial activity of S. platensis 

extract  

Bauer et al.'s well diffusion method 

(1966) was used to evaluate the 

antibacterial properties of S. platensis 

preparations. Mueller-Hinton agar (20 

ml) was added to Petri plates and left to 

solidify. Single pure colonies of each 

strain with similar morphology were 

taken using a sterile loop, inoculated into 

5 ml of sterile nutrient broth, and then 

cultured at 37°C for 10 to 18 hours until 

apparent turbidity was observed. Saline 

was added to the usual turbidity to 

achieve a cell count of 10
6
 CFU/ml. In 

the center of dried Mueller Hinton Agar 

plates (an agar layer with a thickness of 

approximately 4 mm), 0.1 ml of each of 

the prior suspensions was deposited. 

After that, it was evenly distributed with 

a sterile swab and left to dry for 15 

minutes at 37°C. A 6 mm diameter well 

was created using sterile tips with a 1-2 

cm portion. 100 µl of (0.1) g/ml of 

various algal extracts suspended in 10% 

DMSO (dimethyl sulfoxide) was added 

to each well, and the wells were tested 

against various isolates of bacteria, with 

100 µl of 10% DMSO serving as the 

control. Incubation was carried out at 

37°C for 24 to 48 hours. The 

susceptibility of the bacteria to the tested 

extracts was evaluated by measuring the 

inhibitory zone diameter in millimeters, 

with values recorded as the average of 

three replicates. 

Molecular identification of the 

selected bacterial isolate by 16S rRNA  

Ten milliliters of nutrient broth medium 

were used to culture the selected 

bacterial isolates in sterile test tubes 

(Zimbro et al., 2015). Incubation of the 

cultures was performed at 37°C for 48 

hours. DNA was extracted from the 

culture utilizing the Patho Gene-Spin 

DNA/RNA extraction kit, which was 

supplied by Intron Biotechnology 

Company, Korea, and delivered to the 

Molecular Biology Research Unit at 

Assiut University. For polymerase chain 

reaction (PCR) and gene sequencing, 

DNA samples were sent to SolGent 

Company in Daejeon, South Korea. Two 

universal primers were used for the 

PCR: 1492R (5'-

GGTTACCTTGTTACGACTT-3') and 

27F (5'-

AGAGTTTGATCCTGGCTCAG-3'). A 

size nucleotide marker (100 base pairs) 

was used for electrophoresis on a 1% 

agarose gel to confirm the purified PCR 

products (amplicons). The amplicons 

were sequenced after adding 

dideoxynucleotides (dd NTPs) to the 

reaction mixture. Using 27F and 1492R 

primers, bacterial amplicons' sense and 

antisense positions were sequenced 

(White et al., 1990). The National 

Centre of Biotechnology Information 

(NCBI) website's Basic Local Alignment 

Search Tool (BLAST) was used to 

examine the sequences. MegAlign (DNA 

Star) software version 5.05 was used to 
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perform phylogenetic analysis of the 

sequences. 

Antioxidant activity of S. platensis 

extract   

DPPH radical scavenging activity  

Using a modified version of Yen and 

Chen's (1995) approach, the purple-

coloured solution of 1, 1-diphenyl 2-

picrylhydrazyl radical (DPPH) was 

bleached to assess the S. platensis 

extracts' electron donation potential and 

scavenging capabilities.   

Statistical analysis  

Descriptive statistical analyses, such as 

means ± SD (standard deviation) and 

percentages, were performed using 

Microsoft Excel 2023 (Microsoft Corp., 

USA). The Statistical Package for the 

Social Sciences (SPSS v. 26, USA) was 

used to perform additional statistical 

analyses. A one-way ANOVA test was 

conducted to calculate the statistical 

significance of the results between the 

tested bacterial isolates and different 

extracts. P values below 0.05 were 

considered statistically significant. 

Specific difference between groups were 

analysis using Tukey's multiple 

comparisons test. 

Results  

Identification of bacterial isolates 

According to biochemical test results, 

isolates 1, 2, 3, 4, and 12 were identified 

as Pseudomonas aeruginosa. In contrast, 

isolates 5, 6, and 7 were identified as 

Staphylococcus haemolyticus, isolates 8 

and 10 were identified as Klebsiella 

pneumoniae, and isolates 9 and 11 

belonged to the Salmonella group. Table 

(1) represents the identification of 

twelve isolates. Biochemical tests of the 

Gram-negative and Gram-positive 

bacteria were described in Table (S1, 

S2). 

 

Antibiotic sensitivity of bacterial 

isolates  

The disc diffusion method was 

performed to assess the resistance of 

bacterial isolates to various specific 

antibiotics. The results were recorded as 

being susceptible (S), resistant (R), or 

intermediate (I) to the tested antibiotics 

based on the diameter of clear zone 

(mm) values, which were interpreted 

about CLSI (2021) as illustrated in 

Table (2). Most of the isolates (83%, 

n=10) were found to be resistant to 

Amoxicillin-clavulanic acid (AMC), 

while 58% (n=7) showed resistance to 

Ampicillin/sulbactam (SAM). Imipenem 

(IPM) was the most 

susceptible antibiotic, as 83% (n=10) of 

isolates were sensitive to IPM. Most of 

the isolates (83%, n=10) were 

intermediate to Ciprofloxacin (CIP). 

Antimicrobial activity of S. platensis 

extracts  

Well diffusion results, represented in 

Fig. (1, 2), showed that Gram-negative 

bacteria (K. pneumoniae) with inhibition 

zones (35.67±1.25) proved to be more 

susceptible to Spirulina methanolic 

extract than Gram-positive bacteria (S. 

haemolyticus) with inhibition zones 

(30±1.63). Our results demonstrated that 

each extract had a different antibacterial 

activity against each tested bacteria. 

With inhibition zones that extend from 

22.67 to 38.67 mm, the ethanolic extract 

of Spirulina exhibited greater 

antibacterial activity than the methanolic 

extract. Hot and cold water extract didn’t 

show any antimicrobial effect against all 

tested bacteria. Methanolic and ethanolic 

extracts were performed after 48, 72, and 

96 hr. Extraction after 96 hr recorded a 

better effect on the tested bacteria; with 

ethanolic extract, four isolates (3, 8, 10, 

and 12) showed a significant difference 
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between the 3 extraction periods. 

Meanwhile, methanolic extract recorded 

a considerable difference between 

different extraction periods, with most 

isolates, as shown in Fig. 3 (a, b). 

 

Table (1): Identification of the bacterial isolates by the automated VITEK2 compact system

 

 

 

 

 

 

 

 

 

Table (2): Antimicrobial susceptibility of bacterial isolates (inhibition zone (mm) ± S.D 

For AMC; R≤13, S ≥18; For SAM; R≤ 11, S ≥ 15 

For IPM; R≤ 15, S ≥ 19; For CIP; R≤ 18, S ≥ 2 

 

 

 

 

 

Isolate number Identification 

1 Pseudomonas aerginosa 

2 Pseudomonas aerginosa 

3 Pseudomonas aerginosa 

4 Pseudomonas aerginosa 

5 Staphylococcus haemolyticus  

6 Staphylococcus haemolyticus  

7 Staphylococcus haemolyticus  

8 Klebsiella pneumoniae 

9 Salmonella group 

10 Klebsiella pneumoniae 

11 Salmonella group 

12 Pseudomonas aerginosa 

Antibiotics  

Tested bacteria 
AMC (13-18) SAM (11-15) IPM (15-19) CIP (18-25) 

Mean of inhibition Zone (mm ± S.D) 

P. aeruginosa(1) (R) (R) (S) (I) 

P. aeruginosa(2) (R) (R)  (S) (I) 

P. aeruginosa(3) (R) (R)  (S) (I) 

P. aeruginosa(4) (I) (S)  (R) (I) 

S. haemolyticus  (1) (R) (R)  (S) (I) 

S. haemolyticus  (2) (R) (R)  (S) (I) 

S. haemolyticus (3) (R) (R)  (S) (S) 

K. pneumoniae (1) (R) (I)  (I) (I) 

Salmonella group(1) (R) (I)  (S) (I) 

K. pneumoniae (2) (R) (R) (S) (I) 

Salmonella group(2) (R) (S)  (S) (S) 

P. aeruginosa (5) (S) (S)  (S) (I) 
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S. haemolyticus 

   Salmonella group K.pneumoniae Salmonella group 

P. aeruginosa 

Fig. (2): Effect of ethanolic extracts of Spirulina on the tested bacteria 

 

S. haemolyticus 
 

Salmonella group K.pneumoniae Salmonella group  
 

P. aeruginosa 
Fig.(1): Effect of methanolic extracts of Spirulina on the tested bacteria 

P. aeruginosa P. aeruginosa P. aeruginosa 

S. haemolyticus S. haemolyticus 
S. haemolyticus 

Salmonella group Salmonella group K.pneumoniae 

S. haemolyticus S. haemolyticus 
S. haemolyticus 

Salmonella group Salmonella group K. pneumoniae 

P. aeruginosa P. aeruginosa P. aeruginosa 
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a  

b 

 

Fig. (3): Inhibition zones of Spirulina extracts against tested bacteria (a) Spirulina methanolic 

extracts, and (b) Spirulina ethanolic extracts. Data are presented as mean ± SD. Asterisks 

represent the significant difference between the three extraction periods among different isolates 

using two-way ANOVA, P value < 0.05 

ANOVA table For Spirulina 

ethanolic extracts 
SS df MS F (DFn, DFd) P value 

Interaction 126.4 22 0.05433 F (22, 72) = 2.351 P=0.0035 

Time  16748 11 0.1424 F (11, 72) = 622.8 P<0.0001 

Bacterial isolates 17.56 2 0.8341 F (2, 72) = 3.591 P=0.0326 

Residual 176.0 72 0.001229 
  

ANOVA table For Spirulina 

methanolic extracts 
SS df MS F (DFn, DFd) P value 

Interaction 1761 22 80.06 F (22, 72) = 58.42 P<0.0001 

Time  8332 11 757.5 F (11, 72) = 552.7 P<0.0001 

Bacterial isolates 22.74 2 11.37 F (2, 72) = 8.297 P=0.0006 

Residual 98.67 72 1.370   

**SS (sum of squares), df (degrees of freedom), MS (mean square), and P values 
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Molecular identification of the 

selected bacterial isolates  

Molecular identification of the selected 

bacterial isolate (no. 2) through 16S 

rRNA. P. aeruginosa was the most 

resistant bacterium to the tested extracts. 

The identification of P. aeruginosa by 

the VITEK2 compact system was 

verified by using PCR to molecularly 

identify the 16s rRNA gene sequence. 

The results of identification and 

phylogenetic trees were as shown in Fig. 

(4). This strain showed 98.29% - 100% 

identity and 99% - 100 % coverage with 

many strains of the same species, such as 

the type of material P. aeruginosa 

ATCC 10145 with GenBank accession 

no. NR_114471. The tree contains 

Staphylococcus aureus as an outgroup 

strain, where S stands for 

Staphylococcus and P for Pseudomonas. 

 

 

Fig. (4): Phylogenetic tree based on 16S rDNA sequences of the bacterial strain isolated in the 

present study (Pseudomonas aeruginosa isolate N, arrowed) aligned with closely related strains 

accessed from the GenBank 

 

Antioxidant activity  

DPPH antioxidant assay 

The antioxidant activity of the Spirulina 

extract was demonstrated using the 

DPPH assay. Results in Table (3) 

showed the most vigorous DPPH radical 

scavenging activity of Spirulina aqueous 

hot extract (81.78±2.19) after 72 hr.  

 

Among Spirulina extracts, it could be 

observed that aqueous extract (hot 

extract after 72 hr followed by cold 

extract after 96 hr) exhibited higher 

DPPH radical inhibition.  Asterisks 

represent the significant difference between 

the three extraction periods among different 

solvents using two-way ANOVA was shown 

in Fig. (5). 
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Table (3): The 2,2-Diphenyl-1-picrylhydrazyl  (DPPH) antioxidant assay of Spirulina 

algal extracts 

  

ANOVA table For Spirulina 

ethanolic extracts 
SS df MS F (DFn, DFd) P value 

Interaction 126.4 22 0.05433 F (22, 72) = 2.351 P=0.0035 

Time  16748 11 0.1424 F (11, 72) = 622.8 P<0.0001 

Bacterial isolates 17.56 2 0.8341 F (2, 72) = 3.591 P=0.0326 

ualResid 176.0 72 0.001229 
  

Fig. (5): DPPH-scavenging activity of Spirulina extract. Data presented as mean ± standard 

deviation (n = 3). Asterisks represent the significant difference between the three extraction 

periods among different solvents using two-way ANOVA, P value < 0. 05. 

 

 

Solvent Time Spirulina 

 

Methanol 

48 16.49 ±3.55 

72 11.62±8.01 

96 24.76±12.04 

Ethanol 

48 12.17±8.77 

72 23.65±9.46 

96 43.4±9.19 

Hot H2O 

48 21.61±12.2 

72 81.78±2.19 

96 21.06±9.03 

Cold H2O 

48 45.16±27.29 

72 72.27±2.71 

96 73.96±0.1 
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Discussion  

There is worldwide concern over the 

rising number of reported cases of 

antibiotic resistance (Prestinaci et al., 

2015; Yap et al., 2019). Developing 

novel medicines or substances with 

antibacterial activity is vital and critical 

for addressing this problem (Chanda 

and Rakholiya, 2011). The most 

common Gram-negative bacterium 

belonging to the Pseudomonadaceae 

family is P. aeruginosa. The number of 

multidrug-resistant (MDR) infections 

has increased globally. An extraordinary 

rise in P. aeruginosa has presented 

significant challenges to clinical 

treatment and public health (Peng et al., 

2015; Yang et al., 2023). According to 

the European Centre for Disease 

Prevention and Control (ECDC), the 

prevalence of MDR P. aeruginosa varies 

by location, with some  calcs  

experiencing a higher incidence than 

others. This illustrates the diversity of 

regions and the importance of 

customizing solutions for each (WHO, 

2022).  

The bacterial isolates used in this study 

include Pseudomonas aeruginosa, 

Staphylococcus haemolyticus, Klebsiella 

pneumoniae, and Salmonella spp. They 

are all clinically significant pathogens 

known for their increasing resistance to 

antimicrobial agents. P. aeruginosa is a 

major opportunistic pathogen associated 

with wound and hospital-acquired 

infections and has exhibited a worrying 

trend of antimicrobial resistance in 

recent years (Alatoom et al., 2024). S. 

haemolyticus, though often overlooked, 

has emerged as a multidrug-resistant 

organism, particularly in nosocomial 

environments, and shows a strong ability 

to form biofilms and persist under 

selective pressure (Shoaib et al., 2023). 

K. pneumoniae is a key contributor to 

multidrug-resistant infections, especially 

those related to carbapenemase 

production, which poses a critical threat 

to global health systems (Ding et al., 

2023). Salmonella spp. remains one of 

the most important foodborne pathogens 

worldwide, with environmental 

reservoirs and antimicrobial resistance 

playing a crucial role in their persistence 

and transmission (Billah and Rahman, 

2024). The presence of these isolates in 

the current study provides a relevant and 

challenging spectrum of test organisms 

to evaluate the antimicrobial potential of 

natural agents such as Spirulina 

platensis. 
 

This work sought to assess the bioactive 

properties of algae and their antioxidant 

activity for potential applications in the 

clinical field. Numerous studies have 

examined the antimicrobial properties of 

microalgae extracts (Chanda and 

Rakholiya, 2011; de Morais et al., 

2015). Compared to water-based 

techniques, organic solvents consistently 

provide superior extraction efficiency for 

compounds with antibacterial properties 

(Lima-Filho et al., 2002). According to 

the results, methanol and ethanol were 

the best solvents for extracting active 

components. Although ehl ethanol 

extract showed antibacterial activity 

against several pathogens, many of the 

studied solvents were effective against 

all species. The presence of bioactive 

metabolites that dissolve in ethanol but 

not in diethyl ether may explain this 

(Tüney et al., 2006). As stated by 

Abedin and Taha (2008), Spirulina 

platensis extracts in acetone and diethyl 

ether exhibited the most potent 

antibacterial efficacy against P. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0290
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0290
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0290
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0370
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0370
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0370
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0045
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0045
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0045
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0045
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0070
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aeruginosa and Bacillus subtilis. 

Additionally, in the study by Santoyo et 

al. (2006), petroleum ether and hexane 

extracts were significantly more active 

than ethanolic extracts. One well-

documented technique for isolating the 

active antibacterial components from 

microalgae is methanol extraction (Zea-

Obando et al., 2018; Patil and Kaliwal, 

2019).  

Based on the current study's outcomes, 

Spirulina's ethanolic extract 

demonstrated greater antibacterial 

activity than methanolic extracts, with 

inhibition zones ranging between 22.67 

and 38.67 mm. Methanolic and ethanolic 

extractnoos were performed after 48, 72, 

and 96 hours; extraction after 96 hours 

showed improved effects on the tested 

bacteria. The methanolic extract showed 

the highest efficacy against the studied 

bacteria (Gheda and Ismail, 2020). The 

high total phenolic content of the 

methanolic extract may contribute to its 

potent antibacterial activity. Previous 

reports indicate that infections utilize 

similar invasion and adhesion 

mechanisms to invade the intestines of 

animals and humans. Spirulina's 

antimicrobial action may stem from its 

ability to interfere with pathogen 

attachment and invasion, quorum 

sensing, biofilm formation, and motility 

(Abd El-Hack et al., 2019; Abd El-

Hack et al., 2020; Abd El-Hack et al., 

2021; Abdel-Moneim et al., 2020; 

Abou-Kassem et al., 2021; Saleh et al., 

2021). The bioactive constituents in 

Spianenoc can disrupt bacterial cell 

integrity and increase membrane 

permeability, resulting in the loss of 

cytoplasmic material. Swarm motility, 

autoinducer AI-2 activity, and biofilm 

formation were all reduced in 

Campylobacter jejuni cultures exposed 

to specific plant-derived compounds (by 

90% and 35–75%, respectively) 

(Castillo et al., 2014). 

In the study by Selim et al., (2025), in 

vivo and in vitro results revealed 

potential antibacterial and antibiofilm 

activities of A. maxima (spirulina) 

against the tested carbapenem-

resistant K. pneumoniae isolates. 

Moreover, A. maxima markedly 

decreased the inflammation that was 

triggered by the induced infection. Also  

Also, Pianta et al. (2025) showed that, 

the Spirulina extract could be used as an 

effective natural, broad-spectrum 

antimicrobial agent, with potential 

applications in the therapy of bacterial 

and fungal infectious diseases as a 

concentration of 4 g of Spirulina extract 

per 100 mL of Mueller Hinton agar 

completely inhibited the growth of all 

tested bacteria and yeasts, and 

suppressed dermatophytes growth by 5 

log10 units.    

Antioxidants are essential for protecting 

living things against persistent diseases 

and infections like cancer by scavenging 

free radicals from cell tissues. The 

antioxidant properties of the extracts 

reflect the existence of compounds that 

are able to engage with free radicals and 

donate electrons (Tirado et al., 2017). A 

well-known substance that has been 

widely utilized as a free radical to assess 

the capacity of natural compounds to 

scavenge radicals is DPPH (Zhong and 

Wang, 2010). When antioxidants are 

present, the strong absorption band of 

DPPH, a stable free radical with a 

wavelength of approximately 517 nm, is 

reduced to its hydrazine form through 

hydrogen/electron donation 

(Mohanasundari and Suja, 2016).  

Additionally, natural sources of 

antioxidants can extend the shelf life of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0375
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8848016/#b0375
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foods. Consequently, consuming 

antioxidants and adding them to food 

ingredients may protect both the body 

and the food (Kumar and Pandey, 

2013).  

Due to their large-scale cultivation in 

bioreactors, microalgae would provide a 

consistent and dependable source of 

natural compounds, including 

antioxidants. Additionally, the 

characteristics of microalgal cells can be 

modified by growing microalgae in clean 

nutrient media and avoiding the use of 

pesticides, herbicides, and other 

hazardous agents (Amarowicz et al., 

2004).  

The present study evaluated the 

antioxidant activity of Spirulina extracts 

using different solvents (methanol, 

ethanol, and aqueous extract) through 

TAC and DPPH assays. The aqueous hot 

extract of Spirulina demonstrated a 

strong antioxidant effect against DPPH 

(81.78±2.19) after 72 hours. Consistent 

with our findings, with an IC50 of 45.21 

mg/mL, Agustina et al. (2021) reported 

that the maximum antioxidant capacity 

was found in Spirulina spp. water 

extracted after being soaked for an hour. 

The antioxidant activity of Spirulina is 

also enhanced by chlorophyll, phenolic 

compounds, carotenoids, fatty acids, 

polysaccharides, and vitamins 

(Gershwin and Belay, 2008; Asghari et 

al., 2016). In addition to Spirulina's 

strong nutritional content, several studies 

provide strong evidence of its potential 

medical uses. Unique natural 

antioxidants in Spirulina include 

phycocyanin, polyphenols, and 

carotenoids (Estrada et al., 2001; Park 

et al., 2018; Abdel-Moneim et al., 

2022).  

Shalaby and Shanab (2013) used 

DPPH and ABTS radical scavenging 

methods to determine the antioxidant 

activities of three Spirulina platensis 

extracts: water, 50% aqueous methanol, 

and absolute methanol. At 200 ug/mL, 

the water extract exhibited the maximum 

antioxidant activity (95.3%), followed 

by aqueous methanol (68.41%) and 

absolute methanol (89.61%) after 30 

minutes of incubation. 

The aqueous extract of S. platensis 

showed increased antioxidant and 

antiradical activity using the DPPH 

method. This could be primarily because 

of the high concentration of 

phycobiliprotein pigments (8.23 mg/g), 

which are well-known for their strong 

antiradical properties (Bougatef et al., 

2024). Additionally, water extract 

contains fewer phenolic components 

(about half as much as methanol) and 

phytochemicals (saponin and 

anthraquinone), which work in 

combination with phycobilin to provide 

water extract's significantly greater 

antioxidant and antiradical properties 

(Shalaby and Shanab, 2013).  

Conclusion  

In vitro results of the antibacterial 

activity of Spirulina extracts proved that 

S. platensis may be useful in the 

production of antimicrobial agents that, 

when compared to modern antimicrobial 

compounds, may be effective. Hot water 

extracts from S. platensis demonstrated 

high potential of antioxidant activity in 

vitro, and they could be used as natural 

antioxidants. Therefore, further in vivo 

studies can be performed to evaluate the 

in vivo effects of these extracts and 

assess their potential for pharmaceutical 

application. 
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التقيين الوختبري للخصائص الوضادة للويكروباث وهضاداث الأكسذة لوستخلصاث سبيرولينا بلاتينسيس ضذ 

 عزلاث بكتيريت هتنوعت

 َذي ساخر، د/ ايُبط انبلاط، ا.د/ طبحً انغهك، ا.د/ يظطفً انشيخ

 جاهعت طنطا -كليت العلوم -قسن النباث والويكروبيولوجى

حخًيض عبيشونيُب بلاحُغيظ بًدًىعت واععت يٍ الأَشطت، أبشصهب خبطيت يضبدة نهبكخيشيب ضذ 

يغبببث الأيشاع انبكخيشيت. نزنك، يًكٍ اعخببسهب يكىَبث وظيفيت في انبذائم انطبيعيت نهًضبداث انحيىيت. 

نًغخخهض عبيشونيُب حهذف انذساعت انحبنيت إنً حمييى الإيكبَبث انًضبدة نهبكخيشيب ويضبداث الأكغذة 

بلاحُغيظ ضذ عضلاث بكخيشيت يخخهفت يعضونت يٍ انخهبببث اندشوذ ويظبدس انغزاء. حى اعخخلاص 

ًبء انًمطش ان٪ ييثبَىل و07٪ إيثبَىل و 07عبيشونيُب ببعخخذاو يدًىعت يخُىعت يٍ انًزيببث بًب في رنك 

شبطًب يضبدًا نهًيكشوببث أعهً يٍ انببسد وانغبخٍ. أظهشث انًغخخهظبث الإيثبَىنيت نغبيشونيُب َ

إنً  66.20انًغخخهظبث انًيثبَىنيت ببعخخذاو طشق اَخشبس بئش الآخبس، يع يُبطك حثبيظ حخشاوذ يٍ 

 .P عهً أَهب 62s rRNAيى. حى ححذيذ أكثش عضنت بكخيشيت يمبويت ببعخخذاو حغهغم خيٍ  76.20

aeruginosa.  نلأكغذة نًغخخهظبث عبيشونيُب ببعخخذاو َشبط علاوة عهً رنك، حى إخشاء انُشبط انًضبد

أظهشث انُخبئح أٌ انًغخخهض انًبئي انغبخٍ يٍ عبيشونيُب أظهش يغخىيبث  .DPPH إصانت اندزوس انحشة

(. وخلاطت انمىل، أثبخج َخبئح انُشبط 6.62±  66.06عبعت ) 06عبنيت يٍ انُشبط انًضبد نلأكغذة بعذ 

ونيُب في انًخخبش أٌ عبيشونيُب بلاحيُغيظ لذ حكىٌ راث ليًت يحخًهت في انًضبد نهبكخيشيب نًغخخهظبث عبيش

إَخبج عىايم يضبدة نهًيكشوببث، وانخي لذ حكىٌ فعبنت عُذ يمبسَخهب ببنًشكببث انًضبدة نهًيكشوببث 

انًعبطشة. أظهشث يغخخهظبث انًبء انغبخٍ يٍ عبيشونيُب بلاحيُغيظ َشبطًب يضبدًا نلأكغذة عبنيبً في 

 .خبش، ويًكٍ اعخخذايهب كًضبداث أكغذة طبيعيتانًخ

 


