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The antimicrobial efficiency of green seaweeds from the 

Mediterranean coast against some pathogenic bacteria 

ABSTRACT 

During the past several years, microbial resistance to common antibiotics has 

continually increased, and this growing resistance threatens the effective treatment of 

bacterial infections. Thus, there is increased research on novel Antimicrobial agents 

like seaweeds. In this study, crude extracts of three seaweeds (Ulva clathrate, Ulva 

lactuca and Ulva compressa) were obtained with a Soxhlet extraction apparatus. 

Evaluation of antimicrobial efficiency was carried out using well diffusion method and 

microdilution method (MIC) at different concentrations (100-0.195mg/ml) for 

Staphylococcus aureus and Escherichia coli. The green seaweed extracts produced 

inhibition zones ranging from 7 to 12.5 mm. Methanol extracts produced the strongest 

inhibitory activity against the tested bacterial species. Overall, this study provides data 

on the potential use of algal extracts for the development of antimicrobial agents to 

treat infectious diseases. 

Keywords: Antimicrobial, green seaweeds, well diffusion method, microdilution 

method (MIC). 

NTRODUCTION 

Diseases affecting livestock can have a significant effect on 

animal productivity and production and human health (Das et al., 

2019). The increasing spread of antibiotic resistance created 

serious problems for treatment of bacterial infections and 

continue to be a major challenge for public health worldwide (Elmanama 

et al., 2019). Infectious poultry shows an assortment of manifestations 

such as diarrhea, paralysis, and respiratory issues. It ought to be 

accentuated at the start that the counteraction of infection in a poultry 

rush through sound administration is vital (Das et al., 2019). This is 

because albeit some irresistible illnesses can be dealt with, for some it is 

an exercise in futility since cash and infectious fowls ought to be 

discarded immediately. Explicit medications are normally suggested for 

resistant microorgansims that might be partitioned into three classes: 

bacterial, protozoan, and fungal infections, while some popular illnesses 

can be forestalled by immunization (Logue et al., 2020).  Damage to the 

intestinal quality due to pathogenic microbes may cause an issue in feed 

proficiency and diminished pace of gain to raise the absolute creation 

costs. Nevertheless, further extreme enteric harmed by bacterial diseases 

will cause plain sickness and high mortality in poultry rush, and food 

creatures can likewise communicate microbes to other creature species 

straightforwardly or by implication through natural dispersal (Laptev et 

al., 2019). 
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Escherichia coli infections are one of the 

significant issues that cause an incredible 

danger to the productivity of poultry ranchers 

worldwide.  The intestinal tract E. coli has 

become a normal inhabitant of poultry under the 

influence of predisposing factors such as 

inadequate and faulty ventilation, 

overcrowding, hunger, thirst, extremes of 

temperatures and low vitality, high mortality 

during rearing, reduced weight gain, and 

condemnation of birds at the time of slaughter 

(Elmanama et al., 2019; Khanal et al., 2019). 

Broiler chickens that are frequently infected 

with E.coli have reported depression, loss of 

appetite, tendency to huddle respiratory distress, 

reduction of weight gain, dropped wing, closed 

eyes, cyanosis, and labored breathing (El Seedy 

et al., 2019). Staphylococcus aureus (S. aureus) 

is a non-motile, non-spore producer, Gram-

positive coccus causing a wide assortment of 

suppurative infections in people and animals. In 

people, it is perhaps the most widely recognized 

reason for bacteremia, skin, and delicate tissue 

infection (Madzgalla et al., 2016; Thomer et al., 

2016). While in animals, it is perhaps the most 

common causative specialists of clinical and 

subclinical mastitis in dairy ranches, causing 

roughly 33% of cases in steers, and bringing 

about huge financial misfortunes (Gussmann et 

al., 2019). It is a huge reason for extreme 

nosocomial diseases and a universally 

significant wellbeing concern (Benrabia et al., 

2020). The chance of human pollution of 

poultry corpses by slaughterhouse 

representatives can't be precluded (Amoako et 

al., 2019). The natural products with biological 

activities from living organisms are very 

important for discovering new Antimicrobial 

agents. Such interest was expanded over the 

most recent very long time because of the 

development of pathogenic microorganisms that 

are impervious to significant classes of 

antimicrobials. Algal constituents a modest 

wellspring of crude materials for the extraction 

of different mixes of organic exercises. In 

addition, among all macroalgae, the green 

growth has a place with the variety Ulva are the 

least researched for antimicrobial activities 

when contrasted with the red (Rhodophyta) and 

earthy colored green growth (Phaeophyta). This 

work was performed to evaluate the efficacy of 

algae extracts U. clathrate, U. Lactuca and U. 

compressa against E. coli and S. aureus. 

MATERIAL and METHOD 

Algal source: The three marine Ulva species 

(U. clathrate, U. Lactuca and U. compressa) 

were that corresponded roughly to the months 

of June, July and August in 2016, and July and 

August in 2017, from uncovered rough 

destinations close to the edge of the shore of the 

Mediterranean Sea (https://goo.gl/maps/r3y4h 

UrfR12jkuz96). The ordered ID of species was 

finished by utilizing standard writing and 

ordered keys. The gathered green growth was 

moved to the research facility, where they were 

washed completely with tap water to eliminate 

any related flotsam and jetsam like sand and 

shells, and afterward, the drying-of examples 

were left in the shadow of the room temperature 

for fourteen days. 

Preparation of algae sample: The drying 

process is followed by samples' cutting process 

into little pieces, ground to a fine powder, and 

put away in firmly shut plastic cups in dull at 

room temperature until usage. 

Preparation of algae extracts: 30 grams of 

finely ground test powder extracted in a Soxhlet 

extractor by using 300 ml of with methanol, 

chloroform, and hexane for 8 hours. The 

resulting extracts were evaporated using oven 

temperature 37 °C for 3 days. Then all extracts 

were dissolved in DMSO. One gram of each 

extract was dissolved in 5 ml of DMSO. The 

standard concentration of extracts was 200 mg / 

ml. Then extracts were sterilized using 0.22 μm 

membrane filters and all samples were 

maintained at -4°C until used (Pina-Pérez et al., 

2017). 

https://goo.gl/maps/
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Test Microorganisms:  For the antibacterial 

assessment, cultures of Gram-positive bacteria 

S. aureus and Gram-negative E. coli were 

utilized as test microorganisms. All 

microorganisms provided by the Department of 

Biology and Biotechnology, Faculty of Science, 

Islamic University of Gaza, Palestine. 

The antibiotic sensitivity assay: Antibiotic 

sensitivity test was performed by disc diffusion 

method. By using sterile forceps, the selected of 

antibiotics (Table 1.) were put on the surface of 

plate. The plates were incubated at 370C for 24 

h. Then the zones of inhibition were measured 

in millimeter by using ruler. (Kirbag et al, 2009; 

Mabrouk, 2012). Sensitivity assay was labeled 

sensitive, center, or protected, considering the 

CLSI standards. A total of 15 antimicrobials 

were used in this examination as exhibited in 

(Table 1.) 

Table 1. List of antibiotic potency. 

Antibiotics Symbol Antibiotics potency Manufactured by 

Cefotaxime CXM 30 mg Himedia, Indian & Bioanalyse, Turkey 

Cefuroxime CTX 30 mg Himedia, Indian & Bioanalyse, Turkey 

Cefaclor CEC, CF 30 mg Himedia, Indian & Bioanalyse, Turkey 

Cefalexin CL, CN 30 mg Himedia, Indian & Bioanalyse, Turkey 

Ofloxacin OFX 5 mg Himedia, Indian & Bioanalyse, Turkey 

Ciprofloxacin CIP 5 mg Himedia, Indian & Bioanalyse, Turkey 

Norfloxacin NOR 10 mg Himedia, Indian & Bioanalyse, Turkey 

Nalidixic acid NA 30 mg Himedia, Indian & Bioanalyse, Turkey 

Amikacin AK 30 µg Himedia, Indian & Bioanalyse, Turkey 

Gentamicin GMN 10 mg Himedia, Indian & Bioanalyse, Turkey 

Ampicillin AM 10 mg Himedia, Indian & Bioanalyse, Turkey 

Oxacillin OX 1 mg Himedia, Indian & Bioanalyse, Turkey 

Amoxiclav AMC 30 mg Himedia, Indian & Bioanalyse, Turkey 

Rifampicin RIF 5 mg Himedia, Indian & Bioanalyse, Turkey 

Penicillin G P 10 mg Himedia, Indian & Bioanalyse, Turkey 

Tetracycline TE 30 mg Himedia, Indian & Bioanalyse, Turkey 

Well-diffusion test: Antibacterial activity was 

examined utilizing the agar well-diffusion test. 

Muller Hinton Agar Medium (MHA) were 

disinfected via autoclaving at 121 ºC and 15 lbs. 

pressure for 20 minutes. Autoclaved mediums 

were inoculated with bacterial strain under 

aseptic conditions and wells (diameter=6mm) 

were filled with 50 µl of the test samples and 

incubated at 37 °C for 24 hours.  After 

incubation, all plates were noticed for a clear 

zone around the well. The diameter of the 

growth inhibition zones was measured in 

millimeters. (El-Hindi et al., 2017; Sharma, 

2011). 

Algal Extracts Least Inhibitory 

Concentration (MIC): The antibacterial 

activity of extracts against tested bacteria was 

also evaluated by the broth macrodilution 

method (96- well plates). Algal Extracts were 

diluted a number of times through a sterile 

diluent and the obtained concentration ranges 

were from (100 to 0.1953) mg/ml. 10 μl of 

bacterial suspension (106 CFU/ml) was added to 

each well except a positive control. Extracts 

with media was used as a positive control and 

inoculum with media was used as a negative 

control. The test plates were incubated at 37°C 

for 24 h. After 18 h 50 μl of a 0.01% solution of 

2, 3, 5 triphenyl tetrazolium chloride (TTC) as 

indicator was added to the wells and the plate 

was incubated for another hour. The colorless 

tetrazolium salt is reduced to red colored 



Antimicrobial efficiency of some green seaweeds 

 
124 

product by active bacteria, the inhibition of 

growth can be detected when the solution in the 

wells remains clear after incubation with TTC 

(Adwan, and Mhanna, 2008; Gupta and 

Sharma, 2006; Souza et al., 2005). 

RESULTS 

Antibiotics assays Measurement: The results 

in (Table 2.) showed the antimicrobial activity 

of some Antibiotics including Ciprofloxacin 

(CIP), Ampicillin (AM), Cefotaxime (CTX), 

Nalidixic destructive (NA), Norfloxacin (NOR), 

Cefuroxime (CXM), Cefaclor (CF or CEC), 

Ofloxacin (OFX), Cefalexin (CL or CN), 

Tetracycline (TE), Rifampicin (RIF), 

Amoxyclav (AMC), Gentamycin (GMN), 

Penicillin (P) and Oxacillin (OX), while 

Amikacin (AK) by disc diffusion method 

against tested microorganisms (Table 2.). 

Table 2. Impact of antibiotic reference standard on pathogenic microorganisms (hindrance zone communicated by 

mm). 
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E. coli 0 0 0 0 0 0 0 0 0 9 8 0 11 * * 20 

S. aureus 0 0 0 * 0 0 0 0 0 * * 0 * 7 0 22 

*. Not tested, mm. millimeter.

Well-diffusion test: The results in (Table 3.) 

showed the antimicrobial activity by well 

diffusion method against tested 

microorganisms. Methanol and chloroform 

extracts of U. clathrate, U. lactuca and U. 

compressa showed antibacterial action toward 

S. aureus and E. coli. In each case, the hexane 

concentrations of the three Ulva species didn't 

show any antibacterial action against the tested 

bacteria. The methanol and chloroform extracts 

of U. clathrate showed antibacterial action 

against all tested microorganisms and the 

methanol extracts showed better antibacterial 

action than the chloroform extracts. The 

information additionally indicated that are 

Gram-negative and Gram-positive bacteria were 

influenced by algal extracts. Notwithstanding, 

U. clathrate, U. lactuca and U. compres were 

active towards Gram-negative bacteria (E. coli) 

than Gram-positive bacteria (S .aureus). 

Table 3. The inhibition zone in millimeter (mm) of methanol extracts of U. clathrate, U. lactuca, and U. compressa 

against E. coli and S. aureus. 

Bacteria Algae 
Experiment  

1 (mm) 

Experiment  

2 (mm) 

Standard Deviation  

+ Mean (mm) 

E. coli 

U. clathrate 15 12 2.1+13.5 

U. lactuca 12 13 0.7+12.5 

U. compressa 13 11 1.4+12 

S. aureus 

U. clathrata 12 12 0+12 

U. lactuca - - - 

U. compressa - - - 

Methanol extract: The methanol extract of U. 

clathrate showed 13.5 mm zone of inhibition 

against E. coli and 12 mm against S. aureus. 

The Methanol extract from U. lactuca showed 

12.5 zone of inhibition mm against E. coli. The 

least activity action (12 mm) was seen with a 

methanol extract of U. compressa and U. 

clathrate towards E. coli and S. aureus 

independently. No effect of the methanol 

extracts from U. lactuca and U. compressa 

against S. aureus. 
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Chloroform extract: The chloroform extract of 

U. compressa showed of 12.5 mm zone of 

inhibition against E. coli and 10.5 mm against 

S. aureus. The chloroform extract of U. 

clathrate showed 12 mm zone of inhibition 

against S. aureus, and 10.5 mm against E. coli. 

The chloroform extract of U. lactuca showed 11 

mm zone of inhibition against E. coli (Table 4.).

Table 4. The zone of inhibition in millimeter (mm) of chloroform extracts of U. clathrate, U. lactuca, and U. 

compressa against E. coli and S. aureus.  

Bacteria Algae Experiment 

1 (mm) 

Experiment 

2 (mm) 

Standard Deviation 

+ Mean (mm) 

E. coli 

U. clathrate 11 10 0.7+10.5 

U. lactuca 10 12 1.4+11 

U. compressa 12 13 0.7+12.5 

S. aureus 

U. clathrata 12 12 0+12 

U. lactuca - - - 

U. compressa 11 10 0.7+10.5 

Minimum Inhibitory Concentrations 

(MICs): MIC values of all tested fruit extracts 

against tested microorganisms are summarized 

in (Tables 5.-7.). 

Methanol extract: As observed in (Table 5.), 

the growth of E. coli and S. aureus was 

inhibited by the methanolic extract of U. 

clathrate at concentrations of 3.125 and 12.5 

mg/ml separately. For the methanolic extract of 

U. lactuca, the growth of both E. coli and S. 

aureus was repressed at 12.5 mg/ml. 

Methanolic extract from U. compressa showed 

antibacterial action against the two tested 

bacteria, and the strong activity showed against 

E. coli (MIC= 6.25 mg/ml), and against S. 

aureus (MIC=12.5 mg/ml). 

Table 5. The MICs (mg/ml) of methanol extract of green algae against the tested bacteria 

Algae Bacteria 

E. coli S. aureus 

U. clathrata 3.125 12.5 

U. lactuca 12.5 12.5 

U. compressa 6.25 12.5 

Table 6. The MICs (mg/ml) of chloroform extract of green algae against the tested bacteria 

Algae Bacteria 

E. coli S. aureus 

U. clathrata 25 25 

U. lactuca 12.5 25 

U. compressa 12.5 100 

Chloroform extract: As observed in (Table 

6.), the MIC of the chloroform extract of U. 

clathrate for E. coli and for S. aureus was 25 

mg/ml. The MIC of chloroform extract of U. 

lactuca against E. coli was 12.5 mg/ml and was 

25 mg/ml for S. aureus. The growth of E. coli 

was inhibited by the chloroform extracts 12.5 

mg/ml, and 100 mg/ml for S. aureus. 
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Table 7. The MICs (mg/ml) of hexane extract of green algae against the tested bacteria. 

Algae Bacteria 

E. coli S. aureus 

U. clathrata 25 25 

U. lactuca 25 25 

U. compressa 12.5 25 

Hexane extract: As observed in (Table 6.), the 

MIC of the chloroform extract of U. clathrate 

for E. coli and S. aureus was 25 mg/ml. The 

MIC of chloroform extract of U. lactuca against 

E. coli was 12.5 mg/ml and was 25 mg/ml for S. 

aureus. The growth of E. coli was inhibited by 

the chloroform extract of U. compressa at 12.5 

mg/ml, and 100 mg/ml for S. aureus.  

DISCUSSION   

The seaweeds (U. clathrate, U. lactuca and U. 

compressa) were separated by three solvents 

and assessed for their antibacterial activity 

against the two clinically pathogenic bacterial 

species of S. aureus and E. coli. The action of 

each algal concentration was assessed by two 

methods: well-diffusion method and lowest 

minimum inhibitory concentration (MIC). This 

study shows clearly that the green, marine 

seaweeds contain antibacterial compounds. 

They can be considered as a promising source 

for bioactive compounds including antibacterial 

agents. The outcomes here are in concurrence 

with the other report performed by Elnabris 

(Elnabris et al., 2013), which introduced the 

antimicrobial properties of the methanolic 

concentrations of marine ocean growth U. 

lactuca, U. compressa (Chlorophyta), Padina 

Pavonica (Phaeophyta), and Jania Rubens 

(Rhodophyta). The natural activity of Green 

Seaweeds was ascribed to the presence of 

Sulfated Polysaccharide (SP) of uncommon 

substance arrangement and construction in the 

cell mass of these green Seaweeds called Ulvan. 

Recently, Ulvan has been broadly assessed for 

advancing other medications and practical food 

sources (Wijesekara et al., 2011). Studies 

proposed that sulfated polysaccharides can 

likewise display useful bioactivity mixes such 

as anticoagulant, antiviral, cancer prevention 

agent, calming (Costa et al., 2010), and 

antiproliferative (Mohamed et al., 2012). The 

outcomes demonstrate that the methanolic 

concentrations of all Seaweeds showed 

preferable antibacterial activity over chloroform 

and hexane extracts. Antimicrobial activity 

relies upon both algal species and the 

effectiveness of the extraction. A couple of 

assessments concerning the suitability of 

extraction procedures include that the methanol 

extraction yields higher antibacterial activity 

than various solvents such as hexane and 

chloroform (Sastry and Rao, 1994; Seenivasan 

et. al, 2010) and likewise propose that methanol 

is the best for separating the successful 

antibacterial materials from the green algae 

species. Other studies reported that chloroform 

is superior to methanol (Omar et al., 2012; 

Rajasulochana et al., 2009) and found that the 

petrol ether, diethyl, and ethyl acetic acid 

derivation were better than methanol for 

extracting the bioactive compounds from green 

algae. The algal extracts of U. clathrate have 

higher antibacterial activities against the tested 

bacteria than extracts of U. lactuca and U. 

compressa which may indicate that U. clathrate 

has good antibacterial activity-related 

compounds. Methanolic separates U. clathrate 

exhibited more noteworthy cell reinforcement 

potential and the most elevated phenolic 

substance and flavonoid content in correlation 

with those of different types of green kelp from 

Northern Coasts of the Persian Gulf (Farasat et 

al., 2014). Sulfated polysaccharides Ulvan from 

U. clathrate was found to have antiviral action 
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and repress viral connection/section and cell-

cell combination in NDV contamination 

(Aguilar-Briseño et al., 2015). Furthermore, the 

new examination has another huge outcome 

which was the moderate antibacterial movement 

of the concentrations of U. lactuca when tried 

against the E. coli and S. aureus development. 

No antimicrobial action was additionally 

announced by (Perez et al., 1990) when the 

natural concentrations of similar green 

seaweeds were assessed. Variety in effects of 

these investigations might be because of species 

variety, the time (season) and area of test 

assortment, and the amount of test utilized 

(Sivakumar, and Vignesh, 2014). In the present 

study, the well-diffusion and MIC method using 

2,3,5,-triphenyl tetrazolium chloride (TTC) as 

an indicator was used as biological assays to 

evaluate the antibacterial activities of seaweeds 

because of their technical simplicity, 

effectiveness, sensitivity, rapidity, and 

relatively low cost of these methods. 

Additionally, if the color intensity of the red 

formazan formed in the microdilution method is 

measured using a spectrophotometer at 480 nm, 

the test could also provide a quantitative 

determination of the antibacterial activity of 

antibacterial agents (Moussa et al., 2013). 

Seaweeds were evaluated and exhibited higher 

antimicrobial activity towards Gram-negative 

bacteria than the Gram-positive bacterial 

species. E. coli was noted to have larger 

inhibition diameters and nearly have fewer 

MICs than S. aureus. Similarly, Seenivasan et 

al., (2010) reported a more inhibitive effect of 

Acetone, Methanol, and Ethanol extracts of 

three marine green algae species 

(Chaetomorpha aerea, Enteromorpha 

intestinalis, Ulva fasciata) on the growth of 

Gram-negative bacteria such as E. coli, than 

Gram-positive bacteria such as S. aureus. This 

is intriguing since a few reports concerning the 

antimicrobial action of kelp indicated opposite 

outcomes (Ibtissam et al., 2009; Taskin et al., 

2010). A few researchers propose that the 

Gram-negative bacteria have an external layer 

act as a boundary to numerous natural 

substances, including antimicrobials (Tortora et 

al., 2001; Tshikalange et al., 2005). The 

perceptions of the current investigation show 

that the connections between the measurements 

of the restraint zones and the MIC esteems 

differed and may rely upon the sort of 

dissolvable utilized and the bioactive 

compounds included (Cox et al, 2010). Hexane 

separates didn't show any antimicrobial action 

against the tried microbes in the well-diffusion 

method. This outcome could be likely due to the 

non-polar nature of the compound extracted by 

hexane which couldn't diffuse well in the agar 

polar climate. Comparatively opposed to the 

well-diffusion method, all algae seaweed 

showed antimicrobial action against 

microorganisms in the microdilution technique. 

CONCLUSION 

In conclusion, the results demonstrated that the 

crude extract of green seaweeds under 

investigation exhibited antimicrobial activities 

against the tested bacteria species. This proved 

that the marine macroalgae are potential sources 

of biologically active compounds which are 

effective in resisting bacterial growth and could 

be investigated for Antimicrobial agents 

invention for many drug-resistance 

microorganisms. Marine algae are also gaining 

growing prominence in the pharmaceutical 

industries around the world. Further 

biochemical analyses, however, are necessary to 

isolate, characterize, and determine the 

bioactivity compounds. Overall, the present 

study provides data to show the potential 

utilization of green growth extracts for the 

advancement against microbial specialists for 

treating irresistible illnesses. 
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