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Abstract: Algae are a harbor or host for different bacterial communities in marine ecosystems. On the

other hand, they are a source of bioactive compounds which have antibacterial activity against pathogenic

bacteria. Epibacterial communities (total viable count, faecal coliforms and different pathogens) on thalli

of Chlorophyta (Enteromorhpa compressa, Ulva lactuca, Ulva fasciata and Enteromorpha intestinals),

Phaeophyta (Jania rubens, Lauencia obtusa, Hypenea musciformis and Pterocladia capillacea) and

Rhodophyta (Taonia atomaria) collected from Abu-Qir bay (Egypt), southeastern Mediterranean coast were

studied during winter and summer 2007. Results confirmed that, macrophytic algae harbored higher

densities of different bacterial communities in summer than in winter. Estimated total pathogens attached

to algae in summer was not higher than 3.5% of the total bacterial count, while, the occurrence of

coliforms attached to algae in summer was not higher than 1% of the total viable counts. In winter, the

occurrence percentage of estimated total pathogens ranged from 8% to 84% of the total viable counts

attached the algal surface, while algal surfaces extracts coliforms ranged from 0.2% to 22.3% of the total

viable count. Moreover, ethanolic and lipid soluble extracts of bioactive compounds from these macroalgal

species were evaluated for their antibacterial activities against Gram-positive and Gram-negative bacteria.

Crude extracts with the highest antibacterial activity of different algae were selected and were analyzed

by Gas chromatography-mass spectrometry (GC-MS). Fatty acids especially Hexadecanoic acid was found

to be the major component of these crude extracts. Finally, results suggested that, the presence of bacterial

pathogens on the surface of algae might the production of antibacterial antibacterial compounds against

pathogens.
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INTRODUCTION

Association between aquatic plants, including algae,

and bacteria would be significant, since aquatic

macrophytes have the potential to harbor, shed, and

possibly support the growth of bacteria . Also bacteria[1]

can play an important role in controlling the growth of

micro-and macroalgae . Although some of the[2]

bacterium-alga interactions have been characterized, the

ecological significance of most naturally occurring

epiphytic bacterial communities is unclear, and in many

cases the bacterial species involved have not been

identified .[3,4]

Biotic surfaces frequently harbor species-specific

microbial communities. These communities can be

variable and distinct from those found in the

surrounding environment. Thus, many algal species are

able to regulate the bacterial colonization of their

surfaces . On the other hand epiphytic microbial[4,5]

communities present on macroalgae have emphasized

the spatial distribution of bacteria, with specific parts

of the thallus hosting specific bacterial populations. In

some cases the bacterial populations change with the

season or the age of the host .  [4]

Also the presence of faecal indicators bacteria

associated with aquatic macrophytes as algae may lead

to the misinterpretation of water quality or

misidentification of the source of indicator bacteria .[1]

The general assumption that traditional faecal indicators

(e.g., E. coli and enterococci) do not occur in natural

environments (soil or water) has recently been

challenged. These bacteria occur in soils and riparian

sediments and perhaps as epiphytic microflora on

terrestrial plants . Cladophora glomerata is a[1,6]
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macrophytic green algae, it has been shown to harbor

high densities of the faecal indicator bacteria

Escherichia coli and enterococci . [7]

Associations between algae and bacteria are

common, and studies have generally focused on the

benefits provided to the bacteria, such as support of

bacterial growth by dissolved organic carbon released

by algal cells . On the other hand although certain[4,8]

microorganisms have been shown to provide their host

macroalgae with growth factors, nutrients, or protection

from settlement by other micro- or macrofoulers, others

have been identified as the causative agents of

infectious diseases. However, major outbreaks of

diseases are relatively rarely reported, which may in

part be due to the limitation of our perception, but

which also indicates that macroalgae are in most

situations capable of coping with pathogens . The[5]

presence of potential pathogens on healthy macroalgae

was demonstrated by previous study . [9]

Bacterial activities in terms of exoenzymatic rates

and secondary production were two folds higher in the

water within macroalgal beds, than in the open water.

These preliminary results suggest that high macroalgal

biomass represents a ‚hot spot’ of bacterial density and

activity that may affect microbiological quality of

water .[10]

It has been speculated that the seaweed uses

microbial defense to protect against fouling. The host

may manipulate the bacterial community on its surface,

which in turn protects the host by interfering with the

development of a mature biofouling community. Such

interactions are not uncommon in the marine

environment . Seaweeds employ a number of[4,11,12]

physical and chemical defense systems to prevent

fouling such as shedding of outer layers of cells or

production of inhibitory compounds . In addition[13]

seaweeds are desirable as such a source of bioactive

compounds as they are able to produce a great variety

of secondary metabolites characterized by a broad

spectrum of biological activities. Compounds with

cytostatic, antiviral, anthelmintic, antifungal and

antibacterial activities have been detected in green,

brown and red algae. There are numerous reports

concerning the inhibitory activities of macroalgae

against human pathogens, fungi and yeast, also about

effects against fish pathogens, where seaweed are

interesting sources of biologically active compounds

that may be useful for therapy of fish populations with

bacterial diseases .[14]

The specific objectives of this study were to

estimate the different bacterial communities which

associated with the surface of different macro-algae in

marine ecosystem. In addition to determine the

potentiality of macroalgae extracts as antibacterial

agents. The research extended to describe some

relations between algae and bacteria.

MATERIALS AND METHODS

Sampling Site: Macroalgae, water and sediment

samples were collected from Abu-Qir Bay.  Abu-Qir

Bay is a Shallow semi-closed basin lying about 20 Km

east of Alexandria city, Egypt, between longitudes 30o

03 þ and 30  22 þ E and latitudes 31  16 þand 31  28o o o

þ N. The bay occupies an area of 500- 600 Km with2 

average depth 0f 10-12 m .[15]

An Samples were collected in winter (February)

and summer (August) 2007. Algal samples for

bacteriological analysis were aseptically collected in

glass jars. The samples were placed in an ice box and

immediately transported to the laboratory. Samples of

surrounding water and sediments were also collected

under aseptic conditions.

Algal Identification: Algal samples were separated and

preserved in 4% formalin. Algae were kindely

identified by Prof. AbdEl-Ghany NorEl-Din Kalil

P rofessor o f marine biology, Oceanography,

Department, Faculty of Science Alexandria University,

Egypt.

Bacterial Elutriation: Algal and sediment samples

(10g) were shaken in 90 ml of sterile aged sea water,

for 30 min, to dissociate the adhered bacterial

population, and allowed to stand for 10 min. The upper

layer was used as the initial dilution for bacteriological

analysis, modifieded after Ishii et al. . [7]

Bacteriological Examination: Decimal dilutions of

water, algal and sediment samples were prepared and

the pour plate technique was used . Total viable[16]

counts (TVC), Staphylococcus sp, Aeromonas sp.,

Vibrio sp., Shigella sp. and Salmonella sp. were

detected on Zobell agar, Manitol salt agar, m-

aeromonas agar, thiosulphate citrate bile salt sucrose

agar (TCBS) and Shiglla-Salmonella agar (SS), (Oxoid

LTD, Hampshire, England), respectively . [17]

Total coliforms (TC), Escherichia coli (EC) and

faecal streptococci (FS) were enumerated on m-Endo-

les agar, mFC agar and m-Enterococcus agar, (Difco,

Detroit, MI), respectively. The membrane filtration

technique was used according to ISO 7899/2, (1984)[18]

and ISO 9308/1, (1990) . Ten random characteristics[19]

colonies from each sample were subcultured and

confirmed.   

Three replicates for each sample were used and the

final counts were calculated as colony forming units

(CFU/g algae and sediment or CFU/ml water).
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Algal Extracts Preparation: The algal samples were 

separated and rinsed with tap water to remove

epiphytes, salts and most impurities then air dried till

constant weight and ground. Algae (10g) were extracted

with 40 ml of 70 % aqueous ethanol. The lipid-soluble

extracts were prepared by adding 40 ml of chloroform-

methanol (2:1 v/v) to 10g of samples. After soaking for

a week, both ethanolic and lipid soluble extracts were

filtered through Whatman filter paper and concentrated

until complete dryness, and resuspended in the

appropriate solvent . [20]

Antibacterial Testing: The bacterial strains used in the

antibacterial assays were Gram-positive (G+ve) strains

of Bacillus subtilis, Staphylococcus aureus and

Streptococcus faecalis; and Gram-negative (G-ve)

strains of Pseudomonas aeruginosa, Vibrio fluvialis and

Escherichia coli. Each bacterial biomass was prepared

by inoculating nutrient broth media (Oxoid), shaked

(250 rpm) at 30 C for 24h. Different inocula were usedo

550at a late logarithmic phase of growth (A =1).

Antibacterial activity of algal extracts was

evaluated using well-cut diffusion technique in which

cut (7mm) was punched upon the surface of nutrient

agar plates inoculated with bacterial strains mentioned

before. One hundred microliter µl of tested extracts

were pippitted into each well. The plates were

incubated at 30 C for 24h. After incubation, the radiuso

of clear zone around each well was measured in

mm. . Each set was prepared in duplicate. A control[21,22]

well using the solvents was also prepared in the same

way.

Identification of Different Components of Algal

Extracts: The crude extracts of Enteromorpha

intestinals, Hypenea musciformis and Taonia atomaria

were identified by Gas chromatography-mass

spectrometry (GC-MS). The chemical constituents of

the fractionated extract were identified by comprising

the GC-MS peaks with several reported data and the

profiles from the Wiley 275 Libraries. The percentage

of each component was estimated as the ratio of the

peak area to the total chromatographic area. It was

performed by Central Lab, High Institute of Public

Health, Alexandria University, Egypt. 

RESULTS AND DISCUSSION

Results: 

Identification of Algae: Eleven algal species were

collected in winter (5 samples) and in summer (6

samples). The species investigated in this study were

identified as, Enteromorhpa compressa, Ulva lactuca

Lamour, Ulva fasciata and Enteromorpha intestinals

(L.) link (Chlorophyta), Jania rubens (L.) lamouroux,

Lauencia obtusa, Hypenea musciformis (Wulfen)

Lamouroux and Pterocladia capillacea (Gmel.) Born.

et al Thur. (Phaeophyta) and  Taonia atomaria

(Woodward) J.Ag.a. (Rhodophyta).

Bacterial Pathogens and Coliforms Associated with

Macroalgae: The distribution of bacterial pathogens

and coliforms populations was algal samples was highly

variable. The variation in densities of pathogens

populations attached to different algae species in winter

is illustrated in Figure 1–A. Staphylococcus sp. were

detected in all species of algae collected in winter and

the average density ranged from 45 ± 7 (Ulva lactuca)

to 2794 ± 292 (Jania rubins) CFU/g. Also algae had

high densities of Aeromonas sp., it ranged between

1875 ± 35 CFU/g in Enteromorhpa  compressa and

215 ± 21 CFU/g in Ulva lactuca. Vibrio population

was detected in small counts in four of the five algae

species obtained in winter, the average ranged from 26

± 4 (Ulva fasciata) to 221 ± 15 CFU/g (Lauencia

obtusa), Figure 1-A.  The occurrence percentage of

estimated total pathogens ranged from 8% to 84% of

the total viable counts attached to the algal surfaces.

Total coliforms (TC), Eschericia coli (EC) and

faecal Streptococci (FS) were detected in 80% (four of

five) of the algae obtained in winter. The counts ranged

from only slightly to extremely higher numbers of

faecal indicators. The counts attached to different algal

species collected in winter fluctuated between 46 ± 7

and 162 ± 9 for TC, between 20 ± 2 and 103 ± 9 for

EC, and between 12 ± 2 to 74 ± 6 for FS, respectively,

(Figure 1-B). Algal surfaces accumulated coliforms

varied from 0.2% to 22.3% of the total viable count.

All algal samples obtained in summer were found

to harboring higher counts of pathogenic bacteria

(Figure 2-A) than in winter samples. The highest

density of Staphylococcus sp. was 6262 ± 1132 CFU/g

(Pterocladia capillacea) and the lowest was 1405 ±

221 CFU/g (Hypenea musciformis). The highest

average counts of Aeromonas sp. attached algae was

found in Hypenea musciformis (22535 ± 2396 to

CFU/g), low counts were recovered from Ulva lactuca

(156 ± 79 CFU/g). However, Vibrio populations were

detected in all algal samples in high counts, ranging

from 8325 ± 1873 CFU/g in Taonia atomaria to 817

±193 CFU/g in Pterocladia capillacea. Shigella and

Salmonella populations were not detected in all algal

samples in winter and summer. Estimated total

pathogens attached to algae in summer was not higher

than 3.5% of the total bacterial counts.

All of the investigated algal species collected in

summer were found to harbor high counts of faecal

bacterial indicator ranging from 44 ± 19 to 653 ±  62 
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Fig. 1: Average viable counts of bacterial pathogens (A) and faecal coliforms (B) attached to surfaces of

macroalgae collected in winter 2007

for TC, from 38 ± 10 to 488 ± 110 for EC and from

5 ± 2 to 456 ± 79 for FS, respectively, (Figure 2-B).

The occurrence of coliforms attached to algae in

summer was not higher than 1% of the total viable

counts.

Bacterial Pathogens and Coliforms in Water and

Sediments: The general bacteriological picture in water

and sediments surrounding the algal samples is

illustrated in Table 1, 2. The density of Staphylococcus

sp.  in winter was 13 ± 4 CFU/ml in water and 1590

± 579 CFU/g in sediment. The fewer counts of

Aeromonas sp. were recovered in sediment (85 ± 7

CFU/g) while in surrounding water no Aeromonas sp.

were detected. Also, in sediments only 13 ± 4 CFU/g

of Vibrio sp. were detected while in water no Vibrio

sp. were detected Table 1. 

In winter, the estimated pathogens in water

represented 0.3 % of the total viable counts, in contrast

the pathogens in sediments represented 75%.

Water and sediments in winter had counts of 39 ±

2 and 56 ± 6 for TC, 16 ± 5 and 25 ± 2 for EC, and

9 ± 2 and 23 ± 4 for FS, respectively (Table1). The

enumerated coliforms in water and sediment were

forming only 0.6% and 4.6% of the total counts.

In summer, the densities of Staphylococcus sp. in

water and sediments were 1112 ± 251 CFU/ml and

2018 ± 405 CFU/g, respectively. Aeromonas sp.

reached  4110 ± 580 CFU/ml in water and 855 ± 154

CFU/g in sediments. Also, water and sediments had

high densities of Vibrio population reaching to 7436 ±

1719 CFU/ml and 2451 ± 581 CFU/g,   respectively

Table 2.   Shigella   and   Salmonella populations

were not isolated from water and sediments samples

during winter or summer. In summer, the pathogens

constituted 23% in water and 51% in sediments of total

viable counts. 

Water and sediments samples in summer had

higher densities of faecal indicators than in winter, it is

estimated at 175 ± 28 and 421 ± 141 for TC, 105 ± 21

and 266 ± 78 for EC and 5 ± 3 and 162 ± 31 for FS,

respectively, (Table 2). Coliforms in water and

sediments represented 0.5% and 11% of total viable

counts.
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Fig. 2: Average viable counts of bacterial pathogens (A) and faecal coliforms (B) attached to surfaces of

macroalgae collected in summer 2007

Table 1: Bacteriological picture of water and sediments surrounding the algal samples collected in winter 2007.

Bacterial communities Viable bacterial counts
---------------------------------------------------------------------------
Water (CFU/ml) Sediments (CFU/g)

Total viable count 10500±707 2250±353
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus sp. 13±4 1590±579
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aeromonas sp. 0 85±7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vibrio sp. 0 13±4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shigella-Salmonella sp. 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total pathogens 13 1688
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total coliforms 39±2 56±6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eschericia coli 16±5 25±2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Faecal streptococci. 9±2 23±4
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Table 2: Bacteriological picture of water and sediments surrounding the algal samples collected in summer 2007.

Bacterial communities Viable bacterial counts
----------------------------------------------------------------------------------
Water (CFU/ml) Sediments (CFU/g)

Total viable count 54950±48861 10375±2722
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus sp. 1112±251 2018±405
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aeromonas sp. 4110±580 855±154
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vibrio sp. 7436±1719 2451±581
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shigella-Salmonella sp. 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total pathogens 12658 5324
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total coliforms 175±28 421±141
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eschericia coli 105±21 266±78
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Faecal streptococci. 5±3 162±31

Potentiality of Macroalgal Extracts as Antibacterial

Agents:

Antibacterial Testing: The antibacterial activity of the

ethanolic and lipid soluble (chloroform) extracts of the

eleven algal species is summarized in table 3 and 4.

The largest inhibition zones were achieved by the

chloroform extracts. The antibacterial activities of the

algal ethanolic extracts had no activity against all tested

pathogenic bacteria of the summer algal samples. While

in winter, only 23% of applications gave positive

records and exhibited weak antibacterial activities,

where the inhibition zones were not larger than to 10.8

± 0.4 mm. with the exception of Staphylococcus

aureus.

Chloroform extracts had the broadest spectrum of

antibacterial activities. In winter , the highest inhibition

zone of the Chlorophyta was by Enteromorpha

compresa against Bacillus subtilis (16.3 ± 0.4 mm.).

Ulva lactuca and Ulva fasciata showed maximum

inhibition zones (16.0 ± 0.7 mm and 15.5 ± 0.7 mm)

against the same Gram-negative bacteria (Pseudomonas

aeruginosa). The highest bioactivity in Phaeophyceae

by Jania rubins and Lauencia obtusa were against

Streptococcus faecalis and Pseudomonas aeruginosa,

respectively, where the inhibition zones reached to 17.5

± 0.7 mm and 17.8 ± 0.4 mm, respectively.  

In summer it can be seen that the largest

antibacterial activities were by Enteromorpha intestinals

of Chlorophyta and Hypenea musciformis of

Phaeophyta against Vibrio fluvialis and Pseudomonas

aeruginosa with the same value of inhibition zones

18.3 ± 0.4 mm. Of the Rhodophycea, Taonia atomaria

was effective against Pseudomonas aeruginosa with

inhibition zone 14.5 ± 0.7mm. 

Identification of Different Components of Algal

Extracts: Overall, the results indicated that chloroform

extracts of marine algae exhibited significant

antibacterial activity. It can be concluded that the

highest bioactivity of algal extracts, were of

Enteromorpha intestinals (L.)link of the Chlorophyta,

Hypenea musciformis (Wulfen) lamouroux of the

Phaeophyta and Taonia atomaria (Woodward) J.Ag.a

of the Rhodophyta .The different components of each

crude extract of these three algae were identified and

the major components of each extract differed

according to algal species (Table 5). Enteromorpha

intestinalis contained Hexadecanoic acid (Palmitic acid)

and 1-Heptadecene (hexahydroaplotaxene) as the major

components with peak area percentage 22.49 and 18.36,

respectively. In Hypnea musciformis, Hexadecanoic acid

and Heptadecane (n-Heptadecane) showed the maximum

values with percentages of peak area 34.18 and 28.54.

In Taonia atomaria the most dominant components

were Hexadecanoic acid and Hexadecanoic acid, methyl

ester (percentages of peak area were 27.72 and 8.9,

respectively). The three specimens of algae was

characterized by the presence of Hexadecanoic acid and 

had high ratio of  peak area in the three crude extracts

and considered the most dominant component (Figure

3). 

Discussion: Associations between macroalgae and

microbial communities are not enough understood. It is

logic to think of an alga interacting with a single

bacterial species or with a homogeneous community of 

epiphytes with similar physiological attributes, surfaces 

in aquatic environments (including algal cells) harbor 

complex and diverse bacterial communities. It is

therefore possible that several interactions are occurring

simultaneously between an alga and its bacterial flora. 

These interactions are important not only for the growth 

and survival of the microbes themselves but may have 

implications for ecosystem-level processes . [3]
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Table 3: Inhibition halo diameter (mm) of Chloroform and ethanolic extracts of marine macroalgae (collected in winter) against different
bacterial pathogens.

Bacterial pathogens Macroalgae
--------------------------------------------------------------------------------------------------------------------------------------------------------------

Chlorophycea Phaeophyceae
--------------------------------------------------------------------------------------------- ---------------------------------------------------------
Enteromorpha compresa Ulva lactuca Ulva fasciata Jania rubins Lauencia obtusa
-------------------------------- -------------------------- ---------------------------- ---------------------------- --------------------------
Chloroform Ethanol Chloroform Ethanol Chloroform Ethanol Chloroform Ethanol Chloroform Ethanol

G+ve
Bacillus subtilis 16.3±0.4 - 14.3±0.4 - 12.0±0.0 10.5±0.7 13.3±0.4 9.3±0.4 14.3±0.4 -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus 13.3±0.4 - 11.5±0.0 14.3±0.4 13.3±0.4 - 14.5±0.7 - 13.3±0.4 -
aureus
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Streptococcus 15.5±0.7 - 13.3±0.4 10.5±0.7 12.0±0.0 - 17.5±0.7 - 13.5±0.7 -
faecalis

G -ve
Pseudomonas 15.5±0.7 - 16.0±0.7 9.5±0.7 15.5±0.7 - 13.3±0.4 - 17.8±0.4 -
aeruginosa
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vibrio fluvialis 14.3±0.4 - 13.8±0.4 - 13.3±0.4 - 12.0±0.0 - 14.3±0.4 -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Escherichia coli 14.8±0.4 - 12.8±0.4 10.8±0.4 13.0±0.0 - 12.0±0.0 9.5±0.7 13.0±0.0 -

Table 4: Inhibition halo diameter (mm)of Chloroform and ethanolic extracts of marine macroalgae (collected in summer) against different bacterial pathogens.

Bacterial pathogens Macroalgae
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Chlorophycea Phaeophyceae Rhodophycea
-------------------------------------------------------------------------------------------- -------------------------------------------------------------- ----------------------------------
Enteromorpha compresa Ulva lactuca Jania rubins Hypnea musciformis Pterocladia capillacea  Taonia atomaria
------------------------------ ----------------------------- ---------------------------- ---------------------------- ------------------------------ -------------------------------
Chloroform Ethanol Chloroform Ethanol Chloroform Ethanol Chloroform Ethanol Chloroform Ethanol Chloroform Ethanol

G +ve
Bacillus subtilis 13.5±0.7 - 11.8±0.4 - 14.3±0.4 - 15.3±0.4 - 14.5±0.7 - 13.3±0.4 -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus aureus 14.5±0.7 - 13.3±0.4 - 12.0±0.0 - 15.3±0.4 - 11.0±0.0 - 12.0±0.0 -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Streptococcus faecalis 15.0±0.0 - 15.5±0.7 - 13.0±0.0 - 15.0±0.0 - 12.0±0.0 - 12.3±0.4 -

G -ve
Pseudomonas aeruginosa 17.3±0.4 - 11.3±0.4 - 16.3±0.4 - 18.3±0.4 - 15.5±0.7 - 14.5±0.7 -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vibrio fluvialis 18.3±0.4 - 12.3±0.4 - 13.3±0.4 - 14.3±0.4 - 12.0±0.0 - 11.8±0.4 -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Escherichia coli 15.3±0.4 - 11.8±0.4 - 14.5±0.7 - 14.0±0.0 - 12.8±0.4 - 10.3±0.4 -

Table 5: Major components of chloroform-methanol extract of different macroalgae by GC-MS.

Algae Compounds Retention time Peak area Percentage Molecular  weight Molecular formula

(Chlorophyta)

17 34Enteromorpha intestinalis 1-Heptadecene (hexahydroaplotaxene) 15.37 18.36 95 238.27 C H
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Neophytadiene

20 38(2,6,10 -trimethyl,14-Ethylene-14-pentadecne) 18.67 6.10 99 278.30 C H
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

16 32 2Hexadecanoic acid (Palmitic acid) 21.34 22.49 99 256.24 C H O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 402-Hexadecen-1-01, 3,7,11,15-tetramethyl 23.91 7.82 83 296.31 C H O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

18 34 29-Octadecenoic acid (Oleic acid) 24.50 4.39 92 282.26 C H O

(phaeophyta)

28 56Hypnea musciformis Cyclooctacosane 15.67 3.00 86 392.44 C H
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

17 36Heptadecane (n-Heptadecane) 15.82 28.54 96 240.28 C H
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14 28 2Tetradecanoic acid (Myristic acid) 17.23 8.19 93 228.21 C H O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

17 34 2Hexadecanoic acid, methyl ester 20.44 7.00 97 270.50 C H O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

16 32 2Hexadecanoic acid (Palmitic acid) 21.22 34.18 99 256.24 C H O

(Rhodophyta)

14 28 2Taonia atomaria Tetradecanoic acid (Myristic acid) 17.32 5.92 99 228.21 C H O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Neophytadiene

20 38(2,6,10 -trimethyl,14-Ethylene-14-pentadecne) 18.69 5.28 99 278.30 C H
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

17 34 2Hexadecanoic acid, methyl ester 20.44 8.90 97 270.50 C H O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

16 32 2Hexadecanoic acid (Palmitic acid) 21.42 27.72 99 256.24 C H O
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

18 34 29-Octadecenoic acid (Oleic acid) 24.47 5.89 99 282.26 C H O
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Fig. 3: Mass spectrum of Hexadecanoic acid in algal chloroform extract.

The results revealed both  the occurrence and the

densities of different bacterial communities (pathogenic

and faecal indicators) associated with algal species.

Some research has presented evidence of a relationship

between Chlorophyta (Cladophora) and bacilliform

bacteria , others  assayed that Cladophora serves as[1] [7]

a reservoir for potential pathogens, detected Salmonella

in 60% and 40% in algal samples of July and August

and the greatest densities were 3.7*10  and 1.6*102 3

cells/g dry weight and it was not detected in September

or October samples. While Shigella and Shiga toxin-

producing Eschericia coli, were detected in 100% and

25%, respectively, of the algal samples obtained in

2004, and the same pathogens were not detected in

samples collected in 2005. Campylobacter isolates were

also enumerated of up to 5.4*10 cells/g in 60% to2 

100% of algal samples . Previous studies have shown[7]

that pathogenic bacteria (e.g., Vibrios) are often

associated with algae . The present study reveled that,[23]

Staphylococcus sp. and Aeromonas sp. were detected in

all algal samples collected in winter (February) and

summer (August) with higher count in summer. Vibrio

population were detected in 80% and 100% of algal

samples collected in winter and summer. This is in

contrast, to the previous results where Shigella and

Salmonells sp. were not detected in all algal samples.

Algae have been reported to provide nutrients and to

protect attached bacteria from environmental stresses,

such as desiccation, predation, and harmful

radiation . These findings support the hypothesis[24,25]

that algae can potentially harbor and enhance the

survival of pathogenic bacteria released into the

environment through point and nonpoint sources . [25]

The occurrence of faecal bacteria is used as a

sanitary parameter for the evaluation of water quality.

It is also known that these indicators are associated

with disease-causing genera of importance to public

health . Traditionally, elevated counts of total[26]

coliforms, Eschericia coli and faecal streptococci are

presumed to indicate the presence of contamination

originating from sewage, mostly derived from nearby

point sources . The relationship between faecal[1,26]

indicator bacteria and algae remains essentially

unstudied . [1]

Whitman et al.  demonstrated that Cladophora[1]

provides both the minimal habitat and nutrient source

for survival and possibly growth of E. coli and

enterococci and reported that the findings of this study`

were significant because it was perhaps the first to

demonstrate the presence of faecal indicator bacteria, E.

coli and enterococci (up to 97% occurrence) on

Cladophora (Chlorophyta). This is in agreement with

present results, were faecal indicator bacteria (Total

coliform, E.coli and Faecal streptococci) were detected

in 80% and 100% of algal samples obtained in winter

and summer 2007.Algal mats washed onto beach sand

may get buried in the sand by wave action or human

activities, where they are protected from sunlight and

desiccation. Here, indicator bacteria may multiply due

to available nutrients from the decomposing mats; in

turn, the beach sand can serve as a source of indicator

bacteria for the nearshore water, especially when waves

resuspend buried mats , and these agree with the[1]

present results where most of algal species collected in

winter and summer harbor different densities of

pathogenic and faecal indicators with greater numbers

in summer.

The present results showed that most algal species

attached higher counts of bacterial communities than

water and sediments. The general bacteriological picture

in water and sediments surrounding the environment of

the collected algae showed high densities of different

bacterial communities. Shams El-Din and Dorham[15]

reported that, Abu-Qir Bay is susceptible to industrial,
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domestic and agriculture pollution and it is usually

considered to be a heavily stressed ecosystem. It

represents one of the unique coastal ecosystems that is

subjected to several land base sources. The results

revealed high densities of different bacterial

communities (pathogenic and faecal indicators) in

sediments than in water, these results agree with

Abdallah et al.  who reported that the frequency of[27]

Salmonella and Vibrio isolation was higher in sand than

in water. Also, higher faecal indicators (both FC and

FS) were obtained in sand rather than in water almost

in all locations, there is evidence that pathogenic

bacteria and faecal indicators don`t survive in sediments

no longer than in the overlying water.

Although most algal species attached higher counts

of pathogens and coliforms bacteria in summer, the

occurrence percentages of pathogens and coliforms

(with respect to the total viable counts) attached to

algae were higher than those in the surrounding water

and sediments in winter while in summer were less, i.e.

reversible correlation between the percentage of

occurrence of pathogens and coliforms in different

seasons. This may be due to seasonal variation in algal

physiology affecting nutrients availability to the

attached bacteria. Moreover,  changes in environmental

conditions and the presence of other groups of

microorganisms may also affect on pathogens and

coliforms. Ishii et al.  mentioned that the variation[7]

may have been due to changes in inputs, predation or

environmental factors such as temperature, all of which

have been shown to control populations in aquatic

system. Whitman et al.  reported that sunlight[1]

significantly decreased the density of E. coli in

Cladophora mats, although the extent of the reduction 

depended on the mat thickness. The cell wall of

macroalgae provides a suitable attachment and grazing

surface for many other organisms, such as diatoms,

protozoa, mollusks, rotifers, and young crayfish , and[1]

links between bacteria and algae have been found

frequently in aquatic environments . Understanding[1,3,28]

how the bacteria interact with other bacteria and with

their algal hosts is important, since these interactions

can affect the growth and physiology of the algae ,[29,30]

particularly in the production or modification of algal

toxins . The dominance of the Roseobacter clade in[31]

bacterial communities associated with algae could

indicate that there are specific phenotypic traits that

provide these bacteria with a selective advantage in

colonizing algae .[32]

Regarding the potentiality of macroalgae extracts as

antibacterial agents, the chloroform extracts from all

tested algae species were active against all Gram-

positive and Gram-negative bacteria tested and showed

significant inhibitory effects and broad spectrum of

antibacterial activities, nevertheless not all algae species

belonging to the same order or genus showed equal

activity. Summarizing these results, it can be concluded

that chlorophyceae and phaeophyceae give the strongest

activities Gram positive and Gram negative bacteria

compared to rhodophyceae. Also, in contrast with

another study  which found that, the Gram-negative[33]

bacteria were more sensitive to algal extracts than

Gram-positive bacteria. 

In winter samples, Ulva lactuca showed the

strongest antibacterial activity against Gram-negative

bacteria, while. in summer exhibited the higher activity

against Gram-positive bacteria. The same for Jania

rubins, in winter exhibited the higher activity against

Gram- positive bacteria and in summer the higher

activity was against Gram-negative bacteria. This agrees

with Freile-Pelegrin and Morales  who mentioned that,[34]

the high frequency of activity against Gram-positive

bacteria, vs. the relatively low activity against Gram-

negative bacteria, has been reported in most survey of

anti-microbial activity in marine algae. This difference

is likely due to the structural differences between the

two bacterial types , the cell wall of Gram-negative[35]

bacteria is more complex, which decreases susceptibility

to antimicrobial substances , or may be due to[34]

seasonal variation in environmental conditions which

affect the metabolites. The previous studies revealed

that , abiotic factors such as seasonality and[34,36]

geographic location can influence the bioactivity of

algal extracts. The antibiotic activity varies with

different parameters, suggesting that antibiosis in algae

is extremely complex, and that algae produce a wide

variety of metabolites.

Some relations between algae and bacteria were

observed from the present data. Jania rubens and

Lauencia obtusa which gave the higher inhibition zones

(17.5 ± 0.7 and 17.8 ± 0.4 mm, respectively) in winter 

attached on its surface high counts of total pathogens

(3206 and 2196 CFU/g, respectively). In summer,

Enteromorpha intestinals and Hypenea musciformis

exhibited high inhibition zones (18.3 ± 0.4 mm), it was

found to have high counts of pathogens reached up to

26541 and 32061 CFU/g, also Enteromorpha intestinals

attached higher count of Vibrio sp. was the most

affected on Vibrio fluvialis in antibacterial testing.

Overall, the results indicated that, the algal samples

in summer, attached higher counts of different bacterial

communities and at the same time exhibited the highest

antibacterial activities. From these data it can be

suggested that the presence of bacterial pathogens

associated with algae may induce the production of

antibacterial compounds in algae against pathogens.

Macroalgae interact with their biotic and abiotic

environment through their surface and may control their

epibiotic bacterial communities. Physicochemical

properties of macroalgal thalli may determine the
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differential settlement and growth of bacteria on their

surfaces. Algae characteristics are affected when its

surface is colonized by epibionts. Epibiosis is known to

dramatically modify the strength and mode of

interaction between a host and its environment.

Epibiotic bacteria play a key role in the colonization

process of an algal thallus .[37]

Many marine plants have evolved potent defense

mechanisms against microbial epibionts, such as

bacteria, viruses and fungi, there is on increasing

interest in these organisms as a source for natural

antifouling and antibacterial substances. In this context,

marine macroalgae are considered as a promising

source for new antimicrobial agents .[38]

Pathogens induce defense and innate immunity in

macroalgae. Optimal defense theory predicts that

inducible defense may evolve when pressure by

pathogens is transient. Relatively dense biofilms

containing potential pathogens are more or less

permanently present on macroalgae surfaces,

ecologically intuition would not necessarily except

mechanisms of inducible antimicrobial defense in

algae . [5]

The surfaces of living cells may also provide 

microenvironmental conditions favorable for bacterial

processes that otherwise could not occur under ambient 

water conditions. Heavy bacterial colonization of algae 

is generally considered a sign of algal senescence, but 

colonization of young, active algal cells or colonies is

also observed and benefits to algae of such associations 

have been frequently reported. Bacteria and algae may 

also compete for inorganic nutrients, and many algal 

taxa produce compounds that are potentially inhibitory

to bacterial growth . [3]

It has been hypothesized that the dominance of

members of the Roseobacter clade among alga-

associated bacteria is influenced by specific phenotypes,

such as an ability to attach and form biofilms or by the

production of antibacterial compounds . [32]

Sediment is characterized by its anoxic nature, with

high amounts of chemosynthetic bacteria, and many

marine bacteria live in or on algal tissue. Epiphytic

bacteria have inhibitory activity and this may be of

great importance in microhabitats such as an algal

surface where competition for attachment sites is

frequent. The role of the antibiotic substances produced

by marine algae and epiphytic bacteria may be that of

an effective microbial population control mechanism,

and should be considered in future studies .[38]

GC-MS of Enteromorpha intestinals, Hypenea

musciformis and Taonia atomaria exhibited that the

crude extracts of these three algae contained fatty acids

and hydroxy fatty acid esters as the major component;

hexadecanoic acid (Palmitic acid) was the dominant

component in all extracts. The preliminary results

suggested that antibacterial activities observed in

chloroform extracts against Gram-positive as well

Gram-negative bacteria could be due to more than one

active compound. Previous study registered that green

algae (Enteromorpha intestinales, Ulva rigida and Ulva

fasciata) and red algae (Hypnea cornuta) were analyzed

using Gas-Liquid Chromatography (GLC) technique and

hydrocarbons isolated were tetradecane, pentadecane,

hexadecane, heptadecane, octadecane . The antibiotic[39]

activity from Xantophyta (Brown algae) reported to the

presence of fatty acids, organic acids and phenol

compounds . GC-MS of C. compressa extracts[40]

contained fatty acids (hexadecanoic acid and

octadecanoic acid) and fatty acid esters (hydroxy esters

of hexadecanoic and octadecanoic acids) as the major

component. Fatty acids can act as anionic surfactants

and have antibacterial and antifungal properties at low

pH . Arafa and El-Gamal  isolated and investigated [41] [42]

some photosynthetic product and the biological activity

(antibacterial and antifungal) of some organic and

aqueous extracts of Egyptian Sargassum latifolium

(Turn.) Ag were revealed the photosynthetic products

which were identified as Hexadecanoic acid, Oleic acid,

2 - h y d r o x y - 1 , 3 - p r o p a n d i y l  e s t e r ,  1 , 2 -

16benzenedicarboxylic acid-buty 2-methylpropyl ester (C

22 4H  O ) and acetamide and isopropyl palmitate.

Special attention has been reported for the

inhibitory activities of macroalgae against fish

pathogens, where seaweeds are interesting sources of

biologically active compounds that may be useful for

therapy of fish populations with bacterial diseases .[14]

Overall, the results indicated that the extracts prepared

from different algal species exhibited significant

antibacterial activities, so these extracts can safely be

applied in aquaculture for recovery and treatment

purposes. 

Conclusion: The interaction between Algae and

bacteria have tow opposite criteria, algae are a harbor

or host for different bacterial communities in marine

ecosystems. On the other hand, they are a source of

bioactive compounds, which have antibacterial activity

against pathogenic bacteria. Taken as a whole, the

present data indicated that extracts of algal samples,

which harbor the highest counts of pathogenic bacteria,

exhibited the highest antibacterial activities. This

finding suggested that, the presence of bacterial

pathogens associated with algae may induce

antibacterial compounds production from algae against

pathogens.
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