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Abstract: Extracts of marine algae, sponge and humic acid sediments were tested against different bacterial
pathogens by well-cut agar diffusion method. Chloroform crude extracts were superior to the ethanolic crude
extracts. The brown alga Cytosoria compressa had broad spectrum antimicrobial effect against different
bacterial pathogens. Activity units ranged from 3.1 for S. faecalis to 6.9 for E. coli. Also, chloroform crude
extracts of sponge inhibited the growth of all bacterial pathogens. Extracts of Spongia officinalis (Alam El-
Room at 50m) showed the highest inhibiting activity. Activity units ranged from 4.59 against S.aureus,
S.faecalis and P.aeruginosa to 6.61against E.coli. Humic acid extracted from sediments of the Eastern Harbour
and Abu-Qir inhibited only the Gram-negative bacteria while the humic acid extracted from Maruit Lake had
inhibitory  effect  only  on  Staphylococcus  aureus. The  gas liquid  chromatography  mass  spectrometer of
C. compressa and S. officinalis extracts was determined and the main constituents were fatty acids and their
esters (hexadecanoic acid and octadecanoic acid) which have antimicrobial effect. 
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INTRODUCTION members  showed highest antibacterial activity [9].

Marine organisms are a rich source of structurally most diverse and abundant, due to their soft bodies and
novel and biologically active metabolites [1]. Recently, sedentary life styles. These marine invertebrates have
studies have also suggested that some bioactive evolved antagonistic effect against other invading
compounds isolated from marine organisms have been organisms, which involve the production of secondary
shown to exhibit anti-cancer, anti-microbial, anti-fungal or metabolites  [10].  The Secondary metabolites isolated
anti-inflammatory  and  other  pharmacological  activities from marine sponges may be an alternative source for
[2, 3]. To date, many chemically unique compounds of vector control agents to replace existing and highly toxic
marine  origin  with  various biological activities have synthetic insecticides and will play an important role in
been isolated and some of them are under investigation future insecticide development program [11].
and are being used to develop new pharmaceuticals [4, 5]. Humic  substances (HS) are the most important
Many bioactive and pharmacologically important source of organic carbon in both terrestrial and aquatic
compounds such as alginate, carrageen and agar as environments [12]. They are widely distributed products
phycocolloids  have  been  obtained   from  sea-weeds of biosynthesis on the face of the earth. Besides soils,
and used in medicine and pharmacy [6]. Fatty acids are they can be found in varying concentrations in a number
isolated from micro algae that exhibited antibacterial of different sources: rivers, lakes, oceans, compost,
activity  [7]. Many workers revealed that the crude sediments, soils, peat bogs and soft corals. Organic matter
extracts of Indian seaweeds are active against Gram- and its sub-fractions (humic substances; HS) play an
positive bacteria [8]. Methanolic extracts of fifty-six sea- important  role  in  the  accumulation  and  bioavailability
weeds  collected  from  South  African  coast, belonging of pollutants in the sediments such as trace metals and
to Chlorophyceae, Phaeophyceae and Rhodophyceae pesticides [13]. Dissolved humic material can serve
showed antibacterial activity. Among them, Phaeophyta multiple functions in biological systems, influencing

Among the groups of marine organisms, sponges are the
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phytoplankton  via  both  direct  (as  a  nutrient  source) Samples for Humic Substances: Humic substances were
or  modifier  of  membrane characteristics and indirect
(light attenuation) and trace metal chelation mechanisms
[14, 15]. The major organic constituents of sediments are
divided into three groups; fulvic acids (FA), humic acids
(HA) and humin depending on their solubility in
acidic/basic  media  [16].  Humic  substances  are  formed
by the breakdown of plant and animal tissue by chemical
and biological processes that tend to produce complex
chemical structures. The elemental compositions,
structure, number of functional groups are depending on
their source, location and age. HA and FA are particularly
interesting because they contain both polar and non polar
substituents in their molecular structures and thus can
bind both hydrophobic and hydrophilic species [17].
Islam et al., [18] reported that there is no doubt that HA
has many beneficial effect like antibacterial, antiviral and
anti-inflammatory in animals, improves immune system,
stress management and reduce odour in faeces, it also has
positive effect on liver functioning, ultimately reduces
mortality and increases growth in poultry.

In the present study, we aimed to investigate the
potential of marine natural products extracted from some
algae, sponge and humic substances as antimicrobial
agents and the work extend to identify the chemical
composition of these products.

MATERIALS AND METHODS

Algal  and  Sponge Samples Collection: Algal material
was collected from Hurghada (Red-Sea) at 1-2 m depth.
Specimens of the sponge were collected at 30-35 m by
SCUBA from the Egyptian western region of the
Mediterranean Sea (from Sidi-Krir to El-Salloum), using
the National Institute of Oceanography and Fisheries
(NIOF) vessel at eight sites (El-Hamam I, Sidi Abd-El-
Rahman II, Alam El-Room III (50 m), Matrouh IV, Barrani
V ( 2 samples), El-Shalyaa VI (50 m), El-Shalyaa VII (200m)
and Aum El-Rekhm VIII). Sterile scalpel blade was used to
remove the samples. Once the samples were harvested,
they were immediately washed at least three times with
filter-sterilized natural sea water to remove transient and
loosely attached bacteria and/or debris. Specimens were
then placed in individual sterile plastic bags containing
filter-sterilized natural sea water and transported directly
to the laboratory at 4°C for microbiological processing
(within 2 h after sampling).A fragment of each specimen
was also preserved in 70% ethanol for taxonomic
identification.

extracted from three sediment samples, collected from
three regions of the coastal area of Alexandria City,
Eastern  Harbour  (I),  Abu-Qir   Bay   (II)   and  Maruit
Lake (III).

Extraction Procedures of Antimicrobial Agents from
Sponge and Algae: The sponge and algal samples were
washed with fresh water to remove salts and debris,
shade-dried, ground and powdered separately. Ten grams
of each part were macerated with 30 ml of 70 % aqueous
ethanol. The lipid-soluble extracts were prepared by
adding 30 ml of chloroform-methanol (2:1 v/v) to the
different powders. After soaking for a week, filtration
through Whatman filter paper was carried out. Both
ethanolic and lipid soluble extracts were then
concentrated until complete dryness, finally were
resuspended in 4ml of the same solvents, modified
method of Ballantine [19]. 

Humic Substances Extraction: Humic acids were isolated
from the samples  according  to  Pempkowiak  et  al.,  [20]
as follows: 1:20 w/v ratio of a sample to 0.2N NaOH was
utilized. The extractions, each lasting 16h, were repeated
5 times. After each extraction, the solution was
centrifuged. Combined extracts containing humic
substances were acidified. The humic acid was separated
from the solution containing fulvic acid by centrifugation,
dissolved in 20 cm  of 0.1N NaOH and centrifuged again3

at  30000  g  for  30  min.  The  solution  of  humic  acid
thus obtained was acidified (pH=2). Humic acids were
centrifuged, freez dried and stored in a dessicator then,
the analyses were performed. 

Bacterial    Indicators      with      Growth    Conditions:
The  indicator   bacteria   used  in  the  current
investigation were; Pseudomonas aeruginosa ATCC
8739, Staphylococcus aureus ATCC 6538, Streptococcus
faecalis, Escherichia coli, Bacillus subtilis and Vibrio
fluvialis. All bacterial strains were maintained on nutrient
agar slants incubated at 30°C. Each bacterial biomass was
prepared  by  inoculating  100  ml  of  nutrient  broth
medium (Oxoid LTD., Basing stoke, Hampshire, England).
Bacterial cultures were shaken (250 rpm) at 30°C for 24h.
Different inocula were used at a late logarithmic phase of
growth (A =1).550

Testing Antibacterial Activity: Each extract was tested to
contain antibacterial agents using well-cut diffusion
technique in which, nutrient agar medium inoculated with
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indicators bacteria were poured into the plates. After than other pathogens. The ethanol crude extract had very
solidifying, wells were punched out using 0.7 cm cork low antibacterial activity, very low records were detected,
borer and each of their bottoms was then sealed with two Dictyospaeria cavernosa ethanolic extract had anti-
drops of sterile water agar. 100 µl of tested extracts were microbial activity against V.fluvialis and S. aureus
pipetted into each well. All plates were incubated at (AU=1.5 and 1.4, respectively). 
appropriate temperature for 24-48 h. After incubation
period, the radius of clear zone around each well (Y) and Antimicrobial  Activity  of  Marine  Sponge  Extracts:
the radius of the well (X) were linearly measured in mm. The results of screening tests of sponge extracts of the
The absolute activity unit (AU) of each crude extract was following species (Spongia officinalis, Hippospongia
calculated according to the following equation [21]: communis, Cacospongia sp. and Spongia zimocca) from

AU= JI Y h/JIX h: Since, (JI) equals 3.14; (Y) is the radius revealed that the chloroform crude extract of all sponge2 2

of clear zone around each well, (X) is the radius of the well species  possess  antibacterial  activity  against  the
itself and (h) is the cylinder height that can be deduced Gram.-positive and Gram-negative bacteria which inhibited
from both sides. Each set was  prepared  in  duplicate. The the growth of all tested pathogens with varying degrees
control well contained solvents only showed no activity. Crude extract of Spongia officinalis (collected from Alam

Chemical Composition Analysis: The chemical against bacterial pathogens with activity units ranged
composition analysis of the crude extract of Cystoserio from 4.59 for S. aureus, S. faecalis and P. aeruginosa to
compressa and Spongia officinalis of Alam –El-Room 6.61 for E. coli. Gram-negative bacteria (P.aeruginosa)
were estimated by the central lab. of the High Institute of were highly susceptible to crude extract of Spongia
Public Health, Alexandria University, Egypt. Identification officinalis (collected from Barrani, V) where the activity
of the chemical constituents of fractionated extracts were unit was 5.9. The anti-infective power of ethanol crude
made using (Hewlett Packard) HP (High performance) 5890 extracts was rare. Some ethanolic extracts had low effect
gas liquid chromatography (GLC) coupled with 5989 B against only B. subtilis and V. fluvialis.
series mass spectrometer (MS). The percentage of each
compound was calculated as the ratio of the peak area to Antimicrobial Activity of Sediments of Humic Acids
the total chromatographic area. The GC-MS peaks were Extracts: The results in Table 3 showed that the humic
identified by comparison with several data reported and acid extracted from sediments of the Eastern Harbour (I)
the profiles from the Wiley 275 libraries. and Abu-Qir (II) mainly inhibited the Gram-negative

RESULTS extracted from Maruit Lake (III)) had inhibitory effect only

Antimicrobial    Activity   of    Marine    Algal   Extracts: calculated activity unit was (2.9). Pseudomonas
In the present investigation, extracts of marine algal aeruginosa was inhibited at the highest concentration
species (Enteromorpha intestinalis, Enteromorpha (10.0 mg/ml) of humic acid (1) and the activity unit was
compressa, Ectocarpus siliculosus, Dictyospaeria 2.47. On  the  other  hand,  Vibrio  fluvialis  was  inhibited
cavernosa, Hydroclathrus clathratus and Cystoserio at 0.5 mg/ml and the activity unit was 2.4. At higher
compressa) were tested against the bacterial pathogens concentrations, the activity units increased and reached
by well-cut agar diffusion method. The results of up to 3.45 at 10.0 mg/ml. E. coli showed similar results
screening tests were summarized in Table 1, which where it was inhibited at 1mg/ml and the activity unit was
revealed that chloroform crude extracts of all tested algae 1.31, then the activity unit increased by increasing the
exhibited high antibacterial activity against Gram-positive concentration. With respect to the humic acid extracted
and Gram-negative bacteria. All the chloroform crude from Abu-Qir (sample II), similar results were detected, it
extracts of algae inhibited the growth of all tested inhibited  the  growth  of  Pseudomonas  aeruginosa  at
pathogens. Chloroform crude extract of Cystoserio 10  mg/ml  of  humic  acid  and  the  activity  unit  was  2.9.
compressa showed the highest inhibiting activity against Both Vibrio fluvialis and E. coli were inhibited at
all pathogens. The calculated activity units ranged from 0.5mg/ml and the activity units were 2.04 and 1.56,
3.1 for S. faecalis to 6.9 for E. coli. Gram-negative bacteria respectively. At the highest  concentration  (10  mg/ml),
such as E. coli and V. fluvialis were more susceptible the  activity  units increased to 3.45 against both of them.

different locations were illustrated in Table 2. The data

El-Room, III) showed the highest inhibiting activity

bacteria(Vibrio fluvialis and E. coli) while the humic acid

on the Gram positive bacterium (S. aureus) and the
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Table 1: Activity unit (AU) of the different extracts of marine algae 
Gram-positive Gram-negative
----------------------------------------------------------- ------------------------------------------------------

Class Species Solvent B. subtilis S. aureus S. faecalis P. aeruginosa V. fluvialis E. coli
Chlorophyta E. intestinalis a 2.25 2.6 2.4 3.5 4.52 6.9

b - - - - - -
E. compressa a 2.85 2.6 2.6 3.5 5.06 0.0

b - - - - - -
Phaeophyta E. siliculosus a 3.5 2.6 2.4 2.6 5.64 6.25

b - - 2.0 - - -
D. cavernosa a 3.1 2.6 2.45 3.5 6.25 3.5

b - 1.4 - - 1.5 1.0
H. clathratus a 4.0 3.5 2.6 3.5 6.25 4.25

b - - 2.0 - - -
C. compressa a 4.52 3.5 3.1 3.5 6.25 6.9

b - - - - - -
(Solvents: a, Chloroform; b, Ethanol)

Table 2: Activity unit (AU) of the different extracts of sponge 
Gram-positive Gram-negative
----------------------------------------------------------- -----------------------------------------------------

Samplesite Species Solvents B.subtilis S.aureus S.faecalis P.aeruginosa V.fluvialis E.coli
I S.officinalis a 4.59 4.0 3.45 4.59 4.0 4.0

b - - - - - -
II H.communis a 4.59 4.0 3.45 4.59 4.59 3.45

b 1.2 - - - - -
III S.officinalis a 5.22 4.59 4.59 4.59 5.90 6.61

b 1.2 - - - - -
IV S.officinalis a 4.59 3.45 4.0 4.59 4.0 2.94

b 3.45 - - - - -
V S.officinalis a 4.59 2.94 4.0 5.9 4.95 4.0

b 2.94 - - - - -
Cacospongia sp. a 4.59 2.94 3.45 2.04 2.94 2.47

b - - - - - -
VI H.communis a 2.94 2.47 2.94 3.45 2.94 3.45

b - - - - - -
VII S.officinalis a 4.59 2.94 2.47 4.0 4.59 4.59

b - - - - - -
VIII S.zimocca a 5.22 2.94 4.59 3.45 4.59 4.59

b - - - - 2.94 -
(Solvents: a, Chloroform; b, Ethanol)

Table 3: Activity unit (AU) of humic acid of different sediment samples
Gram-positive Gram-negative
-------------------------------------------------------------------- -------------------------------------------------------------

Sample site Conc. (mg/ml) B. subtilis S. aureus S. faecalis P. aeruginosa V. fluvialis E. coli
I 0.2 - - - - - -

0.5 - - - - 2.4 -
1.0 - - - - 2.4 1.31
2.0 - - - - 2.9 1.31
5.0 - - - - 2.9 3.45

10.0 - - - 2.47 3.45 3.45
II 0.2 - - - - - -

0.5 - - - - 2.04 1.56
1.0 - - - - 2.04 2.04
2.0 - - - - 2.9 2.04
5.0 - - - - 2.9 3.45

10.0 - - - 2.9 3.45 3.45
III 0.2 - 2.9 - - - -

0.5 - 2.9 - - - -
1.0 - 2.9 - - - -
2.0 - 2.9 - - - -
5.0 - 2.9 - - - -

10.0 - 2.9 - - - -
I: Eastern Harbor, II: Abu Qir Bay, III: Mariut Lake 
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Table 4: GC-MS of major components in C. compressa extract
No. Compound Molecular formula Molecular weight Retension time (min) Area (%)
1 Hexadecanoic acid, methyl ester C H O 270.50 20.42 13.9117 14 2

2 Hexadecanoic acid C H O 256.24 21.16 12.5816 32 2

3 Cyclotrisiloxane- hexamethyl C H O Si 222.06 41.40 10.906 18 3 3

4 N-ethyl-1,3-dithioisoindoline C H NS 207.02 41.10 6.9910 9 2

5 12-Octadecenoic acid, methyl ester C H O 296.27 23.69 6.1719 36 2

6 3-methyl-5-diphenyldihydrafuran C H O 236.12 42.34 6.0717 16

Table 5: GC-MS of major components in S. officinalis extract
No. Compound Molecular formula Molecular weight Retension time (min) Area (%)
1 Hexadecanoic acid, methyl ester C H O 270.5 20.44 13.7717 34 2

2 Hexadecanoic acid C H O 256.24 21.18 11.8516 32 2

3 Bicyclo (2.2.1) heptan-2-one C H O 152.12 35.09 10.9310 16

4 6 Methyl-2-phenylindole C H N 207.11 40.14 6.8215 13

5 Cyclopentanetridecanoic acid, methyl C H O 296.27 17.70 5.8219 36 2

6 1-Octadecanol C H O 270.29 19.54 5.2218 38

Fig. 1: Mass spectrum of Hexadecanoic acid and Cyclotrisiloxane-hexamethyl in the chloroform extracts

Humic  acid  extracted from Maruit sediments inhibited Chemical Composition Analysis: The highest activity
only the Gram-positive bacterium (S. aureus), the units from the algal species extracts, were that produced
calculated activity  unit  was  2.9  at  all  tested by Cystoserio compressa while the the highest activity
concentrations (0.2 -10.0 mg/ml) of humic acid. These units from the sponge species extracts were that extracted
tested   concentrations   had   no   effect   on   B.  subtilis, from  Spongia  officinalis  of  Alam  El-Room (III).  The
S. faecalis and all Gram-negative bacteria. It was noticed GC-MS  of  Cystoserio  compressa  extract  determined the
that the control (solvents only without extracts) had no main constituents and the relative percentage of the
antimicrobial effect. identified compounds (Table 4). It was found that the
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main constituents were hexadecanoic acid methyl ester, against all tested pathogens in spite of these results
hexadecanoic  acid  and  cyclotrisiloxane  hexamethyl disagreed  with that of Ortega and Gonzalez [22].
(Fig. 1), N-ethyl-1, 3-dithioisoindoline, 12-octadecenoic The differences between our results of the active
acid methyl ester and 3-methyl-5-diphenyldihydrafuran. metabolites and those obtained in the previous studies
On the other hand, Table 5 showed the GC-MS of may be due to time of samples collection, place of
Spongia officinalis (Alam El-Room, III) extract which collected material, seasonal variations and methods of the
contained Hexadecanoic acid methyl ester, hexadecanoic extraction protocols. However, the metabolites of brown
acid (Fig.1) bicyclo (2.2. 1) heptan- 2-one, 6 methyl -2- algae exhibit seasonal variation. The diterpenes, such as
phenylindole, cyclopentanetridecanoic  acid methyl and eleganolone and related compounds are elaborated by
1-Octadecanol. Cystoseira elegans only during periods of active growth

DISCUSSION may also serve as precursors for the production of sterols

In this study, the extracts of algae and sponge limited [26]. Gonzalez del val et al. [27] demonstrated the
samples exhibited broad spectrum antibacterial activity. antibacterial or antifungal activities of the methanol
These  extracts   inhibited   both   Gram-positive   and extract  of  Enteromorpha  compressa and that agreed
Gram-negative  strains.  Chloroform  was  better  solvent with our results but extracts of species of Enteromorpha
for  extracting  the  effective  antimicrobial materials used showed difference in activity toward the tested pathogens
in these experiments. This could be related to the high which may be due to species variation.
solubility of bio-active metabolites in the chloroform. Many species of sponges are long lived and are
Antibacterial activity depends on both the species and resistant to the bacterial decomposition. They are
the efficiency of the extraction method. It is clear that suspected to produce antimicrobial substances. Indeed,
organic  solvents  always  provides  a  higher  efficiency this  was found to be true, the extracts of a large number
in extracting compounds for antimicrobial activities of sponges  showed  broad spectrum antibiotic activity.
compared to water-based methods [22]. According to our Some of the extracts were especially active against
results, there are remarkable differences in the activity of Staphylococcus, Pseudomonas, acid fast bacteria and
algal and sponge extracts against the tested pathogenic pathogenic yeasts, such as Monila. A variety of
species. It is amazing that, mostly, the antimicrobial compounds containing bromine and having broad
activity toward Gram-positive species is lower than that antibiotic  activity  have  been  isolated  from  these
detected  against  Gram-negative species. For example: sources [28]. Marine sponges are a good source of
The activity units of Enteromorpha intestinalis extracts unusual sterols. The sulphated and alkaloidal sterols
against the Gram- positive strains (B. subtilis, S. aureus exhibit antimicrobial activity. The occurrence of
and S. faecalis) were 2.25, 2.6 and 2.4 respectively while terpenoids in sponges is widespread. Most of these
the  activity  units  against   the   Gram-negative  strains compounds exhibit biological activities. The marine
(P. aeruginosa, V. fluvialis and E. coli) were 3.5, 4.52 and sponge  Tethya   aurantia  produces  the  ether lipids
6.9 and these results disagree with Kandhasamy and (2S)-1-(hexadecyloxy) propane-2, 3-diol, (2S)-1-(16-
Arunachalam [23] which revealed that Gram-positive methylheptadecyloxy) propane-2, 3-diol. The biosynthesis
organisms  were  more  susceptible to the crude extracts of these lipid ethers has been investigated in whole
of algae  used.  Tuney  et  al.   [24]   also   reported   that animals and dissociated sponge cells using [1-14C]
Gram-positive bacteria  were more effectively controlled hexadecanol [29]. Many species of genus Spongia
by the extracts of algae  used  in  their  study  compared contain biosynthetically intriguin C21difuranoterpenes
to Gram-negative bacteria. Salvador et al. [25] screened probably derived from linear sesterterpene tetronic acid.
many species of algae for  their  antibacterial activity. Several tetracarbocyclic sesterterpenes have been
They reported that members of the red algae exhibited isolated from Cacospongia scalaris [30].Spongia
high antibacterial  activity  while  the  green  algae were officinalis, the common bath sponge is a rich source of
the  most  active.  Our  screening results coincided that terpenoids. Antifungal and antimicrobial activities have
the green algae (E. compressa and E. intestinalis) been reported in the tetracyclic furanoditerpenes isolated
exhibited high antibacterial  activity,  while  the  brown from sponge S. officinalis.
algae  especially C. compressa was the most active. GC-MS of C. Compressa and S. officinalis extracts
Cystoserio compressa achieved the highest activity contained fatty acids (hexadecanoic acid and

and, thus, play an antifeedant role. These compounds

and carbohydrates  when  nutrient supply becomes
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octadecanoic acid) and fatty acid esters (hydroxy esters with  phenol (100-200 mg/ml). Obviously the inhibition
of hexadecanoic and octadecanoic acids) as the basic was due to a less diffusible HALS fraction. Small-in-size
component. Fatty acids can act as anionic surfactants and and easily in agar diffusible fractions of HALS sometimes
have antibacterial and antifungal properties at low pH [31] stimulated bacterial growth.
in addition to being selective against Gram positive Finally, we are satisfied to conclude that marine
organisms [32] by targeting the structure and function of natural products are in great demand due to its extensive
bacterial cell walls and membranes. biological properties and providing source for the
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