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ABSTRACT: In vitro screening using methanolic extracts of different marine algae and one sea 
grass showed antibacterial activity against eight virulent strains of fish and human pathogens. 1:1 (V: 
V) ratios of each methanolic extract  were mutually added to give 21 interactions. The interaction 
between Udotea sp and Codium fragile extracts exhibited higher activities against Edwardsiella tarda 
(18±0.9mm), Vibrio ordalli (16±0.8mm), Klebsiella pneumonia (20±1mm) and Pseudomonas 
aeruginosa (16±0.8mm). The bioactivity of this interaction was found to be more effective than that 
obtained from some common antibiotics including: Lincolin, Streptomycin and Gentamycin. The 
chemical constituents of these two algal extracts and their interaction were characterized using thin 
layer chromatography and gas chromatographic – mass spectral analysis. The bioactivity of the 
separated compounds was estimated. Palmitic acid was the most active fatty acid.  
 
Keywords: Algal extract interactions; Pathogenic bacteria; Antibacterial activity; Gas 
chromatography –Mass spectrum. 

 

INTRODUCTION 

Many bacteria cause infections in humans 

difficult to deal with effectively. Klebsiella 

pneumonia; for instance; was implicated in 

hospital-acquired  urinary   tract   and 

wound   infections.1    Also;  Pseudomonas 

aeruginosa is  an  important  and  prevalent  

 

pathogen among burned patients and is 

capable of causing life-threatening 

illnesses.2 In addition; some clinical and 

epidemiological studies suggested that  

Escherichia coli and Staphylococcus 

aureus  infectious  diseases  are  the  main   
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causes   for  human mortality.3 

       The most common bacterial diseases 

in farmed and wild culture fish population 

was Edwardsiellosis caused by 

Edwardsiella tarda which also has a broad 

host range and causes diseases in 

humans.4 Although rare; human 

Edwardsiella tarda infections can have 

diverse clinical manifestations and 

moreover may cause severe and life-

threatening infections.5 In addition to that; 

septicemia caused by Aeromonas sp.6; and 

Vibriosis caused by Vibrio sp. are 

considered as a potentially serious; 

common systemic disease of many 

cultured aquarium.7  

     Preventing disease outbreaks or 

treating the disease with drugs or 

chemicals tackles these problems. 

Nowadays; antibiotics used for both human 

and animals have been increased 

significantly due to heavy infections and 

the appearance of new resistant 

pathogenic strain of bacteria.8 Decreased 

efficiency and resistance of pathogen to 

antibiotics has necessitated the 

development of new alternatives.9 

     Many bioactive substances have been 

isolated from algae.10 Choudhury; et al.11 

studied in vitro the screening of organic 

solvent extracts of three marine algae 

(Gracilaria corticata; Ulva fasciata and 

Enteromorpha compressa)  which inhibited 

the growth of six virulent strains of fish 

pathogenic bacteria: Edwardsiella tarda; 

Vibrio alginolyticus; Pseudomonas 

fluorescens; Pseudomonas aeruginosa and 

Aeromonas hydrophila.  

      In addition; Kandhasamy and 

Arunachalam12 showed that methanolic 

crude extracts of Indian seaweeds 

belonging to Chlorophyceae; 

Rhodophyceae and Phaeophyceae were 

active only against Klebsiella pneumonia; 

Enterobacter aerogens; Escherichia coli; 

Pseudomonas aeruginosa; Micrococcus 

luteus; Enterobacter faecalis; Streptococcus 

faecalis;     Staphylococcus    aureus   and 
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Bacillus subtilis.  

      Another investigation by Abd El-Baky; 

et al.13 showed the antibacterial activity of 

the methanolic extracts of Ulva latutus 

collected from the Mediterranean sea of 

the Egyptian coast against six pathogenic 

bacterial strains; Bacillus subtilis; Bacillus 

cereus; Staphylococcus aureus; 

Micrococcus luteus; Klebsiella 

pneumoniae; Serratia marcescencs. 

Ibtissam et al.14 studied the antibacterial 

activity of microalgae methanolic extracts 

against Escherichia coli; Staphylococcus 

aureus; Enterococcus faecalis and 

Klebsiella pneumonia.  

     As extension; the goal of this work is to 

study the bioactivity produced by some 

Egyptian marine algal species against 

some human and fish pathogens. Also we 

investigated the in vitro higher activity 

produced by the interactions between the 

two potent algal extract against these 

clinical bacterial pathogens. Chemical 

characterization of the potent extracted 

products was studied and the bioactivity of 

the separated compounds was estimated.  

MATERIALS AND METHODS 

Algae Samples Collection  

     Marine algae were collected by hand 

picking from Abu-Qir Bay in March 2009. 

The collected algae were identified by Dr. 

Mary Gendi; Professor of aquatic plant; 

marine environment division; National 

Institute of Oceanography and Fisheries 

(NIOF) as: Chlorophyta group: (1) Udotea 

sp.; (2) Codium dichotomum; (3) Codium 

fragile; (4) Codium vermilaria. Rhodophyta 

group: (5) Corallina mediterranea; (6) 

Corallina elangata and one Sea grass (7) 

Posidonia sp. 

Algae Samples Preparation  

      Algal samples were transported to the 

laboratory in sterile polyethylene bags at 

0oC temperature. Samples were cleaned of 

epiphytes and extraneous matter by 

washing with sterile seawater several 

times. In the laboratory; the cleaned algae 

were sun dried followed by oven drying at 
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60˚C to constant dry weight for two hours. 

The dried algae were milled and sieved. 

The algae mesh size was 100-150 µm. 

Extract Procedure  

     Fifteen g of the algal powdered samples 

was extracted in 150 ml pure methanol 

twice by soaking for overnight at room 

temperature (25oC). The extracts from two 

consecutive soaking were pooled and 

evaporated under vacuum pressure to 

obtain the residues (crude extracts). The 

methanolic crude extracts were tested for 

their antibacterial activity against the 

pathogens used in the present 

investigation.  

Test Organisms 

The antibacterial evaluation was 

performed using some fish pathogens: 

Aeromonas hydrophila; Edwardsiella tarda; 

Vibrio ordilli and Yersinia ruckeri that were 

isolated and identified by the Department 

of Fish diseases and Hygiene; Faculty of 

Veterinary Medicine; Alexandria University; 

Egypt; and some human pathogenic 

bacteria such as: Klebsiella pneumonia; 

Escherichia coli; Pseudomonas 

aeruginosa; and Staphylococcus aureus 

that were kindly provided by the 

Department of Botany and Microbiology; 

Faculty of Science; Alexandria university; 

Egypt. These pathogens were cultured 

individually on tryptic soya broth at 30oC for 

18h; before inoculation for assay. 

Adequate amounts of inoculated Tryptic 

Soya Agar (TSA) medium with the tested 

strains were dispensed into sterile plates 

and allowed to solidify under aseptic 

conditions.  

Antibacterial Assays  

The bioactivity of different algal extract 

was estimated using the disc diffusion 

assay according to Kirby-Bauer bioassay 

technique.15 Sterile discs (6mm in 

diameter) were immersed in each algal 

extract (10µl/disc each contain at least 100 

µg crude) using alcohol sterilized forceps 

and allowed to dry; then; placed on 

previously prepared TSA plates containing 
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the tested pathogens (106 CFU/ml). The 

plates were allowed to diffuse for 6h in the 

refrigerator then incubated at 30oC for 24-

48h. After incubation; all plates were 

observed for inhibition zones; the 

diameters of which were then measured. 

The diameters of the inhibitory activity 

caused by methanol were also tested. All 

tests were carried out under sterile 

conditions in duplicate. 

Algal Extract Interactions  

    In vitro interactions were performed to 

evaluate the antibacterial activities of the 

combination of two-algal extracts against 

the tested pathogens. Screening of 1:1 

(V/V) of 21 algal extract combinations was 

carried out by immersing sterile discs in 

each interaction then; placing on the TSA 

medium with the tested bacteria. Three 

antibiotic-containing discs (Gentamicin; 

30µg Streptomycin; 75µg; Lincolin; 10µg) 

were used to compare the inhibition of the 

tested organisms with the bioactivity 

produced by the interactions.16 All the 

above data were recorded as standard 

error using ORIGIN software (ver.6.1; ed. 

2000). 

Characterization of the Methanol Algal 

Crude Extract 

Thin layer chromatography 

      The crude extracts were monitored 

using silica gel TLC plates. Silica gel plates 

(60GF254; size 20x20cmm; thickness 0.25 

mm; Merck) were spotted with the 

extracted product and developed with 

methanol solvent. After methanol 

evaporation; the plates were observed 

under UV-lamp; then the numbers of spots 

were counted and the values of the 

retardation factor (Rf) were calculated. 

Separated spots of each compound were 

scratched; dissolved in methanol and 

applied on discs where the solvent was 

evaporated. The bioassay was carried out 

using the tested pathogens. 

Gas chromatographic-mass spectrometric 

analysis 

      Analysis  was conducted using  an  HP 
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 (Hewlett Packard; 5890 GC hyphenated 

with 5989 Mass Spectrometer). MS 

conditions were as follows: Detector mass 

spectrometer voltage 70eV and its source 

temperature was 300oC. The injector 

temperature was 240oC and the splitless 

mode 0.5μL injection. The HP-5MS (5% 

dimethyl-95% diphenylpolysiloxane non-

polar column was performed with length 30 

cm x 0.25 mm i.d.; coating thickness film 

0.25 μm. The carrier gas was Helium (He) 

with a flow rate of 1ml/min. The oven was 

adjusted at 70°C for an initial time of 1min 

with 40oC and ending with a final 

temperature of 290oC; the hold time was 4 

min and the total run time was 15 min. The 

components were identified by comparing 

their retention times to those of authentic 

samples; as well as by comparing their 

mass spectra with those of Wiley 275 

Library.17 Quantitative data were obtained 

by the peak normalization technique using 

integrated FID (Flam ionized detector) 

response. 

RESULTS AND DISCUSSION 

Many marine algae exhibit 

antibacterial activity that varies between 

species.18 In the present study; the 

inhibition of some fish and human 

pathogens by different methanolic marine 

algal extract was demonstrated. The two 

methanolic green algal extract of Udotea 

sp. and Codium fragile were found to have 

higher activities against the tested 

pathogens than the collected individual of 

red algae. This was in agreement with 

Salvador et al.19 who screened many 

species of algae for their antibacterial 

activity and found that green algae 

(Chlorophyceae) were the most active; 

even the members of the red algae 

(Rhodophyceae) showed high antibacterial 

activity. 

Antimicrobial Activity of Different Algal 

Extract  

      In the present investigation; extracts of 

marine algal species were tested against 

the bacterial pathogens by agar diffusion 



Barakat & Tadros                                                                                                              438 

 

method. The results of preliminary 

screening tests are summarized in Table 1; 

which revealed that all algal species 

possessed different levels of antibacterial 

activity. A. hydrophila; Y. ruckeri; E. coli 

and S. aureus were shown to be more or 

less resistant to some methanolic algal 

extracts. On the other hand; E. tarda; P. 

aeruginosa; V. ordilli and K. pneumonia 

were susceptible to all extracts; except for 

the two former bacteria which were 

resistant to Posidonia sp and Codium 

dichotomum extracts; respectively. E. tarda 

was highly inhibited by the Udotea extract 

with a diameter zone of 17mm. This was 

followed by the susceptibility of Klebsiella 

pneumonia to Codium fragile extract 

(16mm). Choudhury et al.11 reported that 

the activity against some virulent fish 

pathogenic bacteria using the methanolic 

algal extracts caused an inhibition zone of 

12mm against V. alginolyticus but no 

activity was detected against E. tarda. 

Moreover; Kandhasamy and 

Arunachalam12 recorded activities against 

K. pneumonia and P. aeruginosa of 15 and 

14mm from Caulerpa racemosa and of 12 

and 13mm from Ulva lactua methanolic 

extracts. However; Ibtissam et al.14 

reported the absence of an activity against 

both K. pneumonia and P. aeruginosa from 

marine Codium dichotomum extract. 

Antimicrobial activity using different 

algal interactions  

       Further screening was carried out 

using the interaction of extracted algae to 

study the synergistic effect of their 

combinations on the tested pathogens. It 

was shown that the highest zones of 

inhibition were observed for Udotea sp: 

Codium fragile (1:3 interactions) with 

18±0.9 and 20±1mm against E. tarda and 

K. pneumonia; respectively. Also; the 

bioactivity produced against V. ordilli and 

P. aeruginosa was recorded with 

16±0.8mm for both pathogens. In the mean 

time; the growth of these pathogens was 

found to be inhibited by Lincolin; 
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Streptomycin and Gentamicin at levels 

lower than that observed by this 

interaction; except for Streptomycin and 

Gentamicin which exhibited slightly higher 

activities of 17 ±0.85 and 18±0.9mm 

against V. ordilli and P. aeruginosa; 

respectively (Table 2). Similarly; 

Choudhury et al.11 reported higher activities 

produced by Streptomycin and Gentamicin; 

20 and 15mm against V. angularuim and E. 

tarda; respectively compared with some 

methanolic algal extracts. Moreover; 

Kandhasamy and Arunachalam12 reported 

that the activities of Chloramphenicol 

against P. aeruginosa (14mm) and K. 

pneumonia (9mm) were lower than the 

antimicrobial effect produced by Caulerpa 

racemosa extract (15mm). 

Chemical characterization  

      TLC chromatography was carried out 

using methanol as a solvent which caused 

the separation of two colored spots from 

Udotea sp. extract followed by one spot 

from Codium fragile and another two 

colored spots from their interaction. The 

two first spots were observed at Rf 0.90 

and 0.73 and the Codium fragile extract 

spot was detected at Rf 0.68. Moreover; 

the interaction showed Rf values of 0.96 

and 0.64 (Table 3).  

        The Gas Chromatographic analysis 

illustrated in Figure 1; revealed a high 

concentration of methyl isostearate (91%) 

and much lower amounts of palmitic acid 

(53%) in Udotea extract (Figure 2). In 

addition; extract from Codium fragile 

showed the presence of hexadecanoic 

acid; methyl ester (93%) as seen in Figure 

3. This was followed by the highest 

amounts of hexadecanoic acid; methyl 

ester (90%) and palmitic acid (95%) in their 

interaction (Figure 4). The chemical 

properties of the five GC/MS obtained 

compounds are represented in Table 3.  

Antibacterial activity of the separated 

compounds  

      The bioactivity of the   separated  spots 

were checked up and the inhibitory  activity 
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against the tested pathogens was notable 

(Table 4). There is an evidence that 

palmitic acid separated from the 

interaction; is responsible for the bioactivity 

against E. tarda; V. ordilli; K. pneumonia 

and P. aeruginosa compared with the other 

fatty acids; where the recorded inhibition 

zones were of 18; 15; 15 and 13mm; 

respectively. It seems that; the presence of 

hexadecanoic acid methyl ester enhanced 

the antibacterial activity of palmitic acid in 

the interaction especially that it didn't cause 

any inhibition zone against V. ordilli and 

hence might be the cause of the increase 

in most of the diameters of the palmitic acid 

inhibition zones in the interaction which 

were lower in Udotea sp. (Figure 5). Using 

the same spectroscopic analysis; palmitic 

acid and short chain fatty acids obtained 

from Himanthalia elongate20 and 

Haematococcus pluvialis21 extracts 

produced higher antibacterial activity 

against some tested pathogens which 

exhibited inhibition zones that ranged from 

10-13.5mm and 6 to 16mm; respectively. 

CONCLUSION 

     From these results; we can conclude that 

the interaction between Udotea sp. and 

Codium fragile had the best antibacterial 

activity against two fish pathogens; E. tarda 

and V. ordilli and two human pathogens; K. 

pneumonia and P. aueroginosa. Spectral 

analysis of such interaction confirmed that 

the most active component was palmitic 

acid which was responsible for the 

bioactivity and that the interaction was 

shown to be more active compared to its 

individual components. Therefore; it is 

promising to use this interaction as a lead 

molecule in drug discovery for inhibiting 

these pathogenic strains.  
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Table 1: Bioactivity of different algal extracts against some human and fish 

pathogens using agar diffusion method 
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1 
Udotea sp. 17 12 - - 12 10 10 13 

2 C.dichotomum 9 10 12 - - 12 - 9 

3 C.  fragile 12 10 11 9 16 - 10 13 

4 C. vermilaria 10 12 - - 12 10 12 12 

5 C.mediterranea 9 9 - - 12 - - 12 

6 C. elangata 12 12 - - 12 - - 11 

7 Posidonia sp 13 - 10 10 12 10 13 11 
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Table 2: Bioactivity spectrum of algal extracts synergy against some fish and human 
pathogens compared with some common antibiotics  

 Inhibition zone diameter (mm)* 

 Fish pathogens Human pathogens 

Algal extract 
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1:2 14±0.7 12±0.6 - - 16±0.8 10±0.5 11±0.6 13±0.7 

1:3 18±0.9 16±0.8 15±0.8 11±0.6 20±1 15±0.8 13±0.7 16±0.8 

1:4 12±0.6 12±0.6 - - 13±0.7 - - 15±0.7 

1:5 15±0.8 15±0.8 12±0.6 - 13±0.7 11±0.6 9±0.5 15±0.7 

1:6 14±0.7 12±0.6 - - 17±0.9 - - 13±0.7 

1:7 14±0.7 13±0.7 - - 15±0.8 11±0.6 12±0.6 14±0.7 

2:3 12±0.6 11±0.6 11±0.6 10±0.5 12±0.6 8±0.4 11±0.6 15±0.7 

2:4 11±0.6 9±0.5 9±0.5 7±0.4 15±0.8 9±0.5 8±0.4 10±0.5 

2:5 12±0.6 9±0.5 12±0.6 10±0.5 13±0.7 11±0.6 10±0.5 15±0.7 

2:6 9±0.5 9±0.5 8±0.4 9±0. 5 17±0.9 - 8±0.4 15±0.7 

2:7 10±0.5 11±0.6 - 8±0.4 15±0.8 - - 11±0.6 

3:4 11±0.6 12±0.6 - - 12±0.6 - - 12±0.6 

3:5 13±0.7 10±0.5 - - 11±0.6 - - 14±0.7 

3:6 13±0.7 11±0.6 12±0.6 9±0.5 13±0.7 10±0.5 10±0.5 13±0.7 

3:7 11±0.6 13±0.7 12±0.6 9±0.5 12±0.6 11±0.6 11±0.6 12±0.6 

4:5 10±0.5 10±0.5 9±0.5 - 13±0.7 10±0.5 10±0.5 10±0.5 

4:6 11±0.6 - - - 18±0.9 - - - 

4:7 12±0.6 12±0.6 13±0.7 - 15±0.8 - - 14±0.7 

5:6 10±0.5 11±0.6 9±0.5 7±0.4 - - 10±0.5 13±0.7 

5:7 12±0.6 - - - - - - 11±0.6 

6:7 12±0.6 - - - 11±0.6 9±0.5 - 12±0.6 

Lincolin (10µg) 10±0.5 9±0.5 8±0.4 7±0.4 16±0.8 13±0.7 10±0.5 10±0.5 

Streptomycin 
(75µg) 

15±0.8 17±0.9 13±0.7 12±0.6 16±0.8 15±0.8 14±0.7 13±0.7 

Gentamycin 
(30µg)) 

16±0.8 15±0.8 8±0.4 9±0.5 16±0.8 8±0.4 10±0.5 18±0.9 

*Mean ± Standard Deviation 
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Table 3: Chemical properties of the potent compounds obtained by GC/MS analysis 

* The nearest library standard. 

 
Table 4: Antibacterial activities of the compounds separated from the two potent 
marine algal extracts and their interaction. 
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Figure 1:  Gas chromatogram profile of Udotea sp. (A); Codium fragile (B) 
methanolic extracts and their interaction (C) showing their major compounds at 
different retention times. 
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Figure 2: Mass-Spectrum of methyl isostearate (A) and Palmitic acid (B) in Udotea 
methanolic extract 
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Figure 3: Mass-Spectrum of Hexadecanoic acid; methyl ester in Codium fragile 
methanolic extract. 

Figure 4: Mass-Spectrum of Hexadecanoic acid; methyl ester (A) and Palmitic acid 
(B) in the interaction of the two extracts. 
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Figure 5: The inhibition zones of the antibacterial activity caused by the compounds 
separated from the potent algal extracts  against 1.2x103CFU/ml of E. tarda (A); V. 
ordilli (B); K. pneumonia (C) and P. aeroginosa (D). 
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