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ABSTRACT

Marine macroalgae are considered as an excel-
lent source of bioactive compounds which has a
broad range of biological activities including
antibacterial and antioxidant. Crude methanolic
and water extracts of 19 marine algal species (6
Chlorophyta, 8 Phaeophyta and 5 Rhodophyta)
collected from the western coast of Libya were
evaluated for antibacterial activity against patho-
genic bacteria (4 Gram-positive, 4 Gram-nega-
tive). The extracts showed a significant antibac-
terial activity against Gram positive (Staphylo-
coccus aureus, Bacillus subtilis, Bacillus spp.,
and Staphylococcus epidermidis) as well as Gram
negative bacteria (Escherichia coli, Salmonella
typhi, Klebsiella spp., and Pseudomonas aerugi-
nosa). The algal aqueous and methanolic ex-
tracts displayed different degrees of antimicro-
bial activities against different bacteria, in some
cases methanolic extracts showed higher anti-
bacterial activity than aqueous extracts. Among
tested algae, Brown algae namely Cystoseira
crinite exhibited the highest antibacterial activity
among tested algal species.

Keywords: Macroalgae; Phytochemicals Screening;
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1. INTRODUCTION

There is an increasing demand for therapeutic drugs
from the vastly biodiverse natural resources. The poten-
tial contribution of marine organisms to the discovery of
new bioactive molecules is remarkably increasing [1-3].
Marine macroalgae are considered as an excellent source
of bioactive compounds which has a broad range of bio-
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logical activities including antibacterial [4,5], antifungal
[6], antiviral [5,7], antitumorals [8], antioxidant [9-11],
and antiinflammatories [12-14]. Marine macroalgae com-
pose a natural source of a variety of drugs for pharma-
ceutical, food and cosmetic applications including caro-
tenoids, terpenoids, steroids, amino acids, phlorotannins,
phenolic compounds, halogenated ketones, alkanes and
cyclic polysulphides [15,16]. Therefore, algac have been
used in traditional medicine for a long time [17]. Many
bioactive compounds of marine algae with antimicrobial
activity have been isolated and some of them are under
investigation to protect life-style related diseases, some
of these compounds are sterols, terpenoids, polysaccha-
rides, peptides, proteins, vitamins, acrylic acid, terpenes,
chlorophyllides, phenols, heterocyclic compounds, halo-
genated ketones and alkanes and cyclic polysulphides [7,
15,18-20]. Libya has a long coastline and abundant
natural resources of marine algae with very high species
diversity [21], however there are only few reports on the
screening of Libyan marine algae for antibacterial activ-
ity.

The aim of this study was to assess the antibacterial
effect of aqueous and methanolic crude extracts of 19
species of marine algae (6 Chlorophyta, 9 Phaeophyta
and 5 Rhodophyta) from the western coast of Libya,
against pathogenic bacteria (4 Gram-positive, 4 Gram-
negative).

2. EXPERIMENTAL SECTION
2.1. Algae Collection

Green Algae (Chlorophyta) Ulva lactuca, Enteromor-
pha compressa, Enteromorpha spp., Enteromorpha pro-
lifera; brown algae (Phacophyta) Cystoseira barbata,
Cystoseira crinita, Cystoseira stricta, Cystoseira com-
pressa, Sargassum vulgare, Dictyopteris membranacea,
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Cladostephus verticillatus, Halopteris filicina, and red
algae (Rhodophyta) Gelidium latifolium, Hypnea musci-
formis, Jania rubens, Jania spp. and Laurencia obtuse,
were collected from western coast of Libya between
February and March, 2009. The algal samples were au-
thenticated at Botany department, Faculty of Science,
Tripoli University. After collection, they were thoroughly
washed and then shade dried. The dried samples were
crushed in an electric mill till a coarse powder was ob-
tained [22].

2.2. Bacterial Strains

Eight bacterial strains (Gram positive and negative)
were selected for the study. The Gram positive species
were Staphylococcus aureus (S. aur) was obtained from
the Clinical Microbiology Laboratory, Azzawiya Medical
Center, (Azzawiya, Libya). Bacillus subtilis (B. sub) were
kindly provided by Department of Microbiology Bio-
technology Research Center (Twaisha), Libya, while Ba-
cillus spp. (B. spp.) and Staphylococcus epidermidis (S.
epi) were obtained from department of Microbiology and
Parasytology, Faculty of Veterinary Medicine, Tripoli
University. The Gram negative species were Salmonella
typhi (S. typhi), Escherichia coli (E. coli), Pseudomonas
aeruginosa (P. aer) and Klebsiella spp. (K. spp.), were
obtained from the department of Microbiology, Faculty
of Veterinary Medicine, Tripoli University, Libya.

2.3. Preparation of Algae Extracts

20 g of each dried algae powder were extracted with
100 ml of either methanol or distilled water at 100 rpm in
a shaker incubator for 24 h at room temperature (Fed-
mund Buhler KL2, Germany). The solution was filtered
through Whatman No. 1 sterile filter paper. Resulting
methanolic extracts were evaporated to dryness using
Rotary evaporator (Heidolph 300 LabroRota, Germany),
while filtrates of aqueous extracts were dried using freeze
dryer. Each dried precipitate was re-dissolved in the cor-
responding solvents to give 50 mg/ml extracts, then
stored at —20°C until tested.

2.4. Preliminary Phytochmical Tests

Preliminary phytochmical tests for identification of
alkaloids, anthraquinones, coumarins, flavonoids, saponins,
tannins, and terpenes were carried out for all the extracts
using standard qualitative methods that have been de-
scribed previously [23-27].

2.5. Determination of Antibacterial Activity

The antimicrobial activity test of algal crude extracts
was performed in vitro using the “hole-plate diffusion
method” [28]. The respective bacterial culture was poured
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into the nutrient agar plates for uniform distribution of
microorganisms. Using sterile cork borer, 8 mm wide
well was made on each plate. The plates with bacteria
were incubated at 37°C for 24 h. After incubation, the
inhibition zones formed around the holes were measured.
Methanol (100%) without seaweed extract was used as
negative control and Ciprofloxacin disc (30 pg) was used
as the positive control. All tests were performed in trip-
licate, and clear zone greater than 10 mm were consid-
ered as positive results [29].

2.6. Determination of Minimum Inhibitory
Concentration (MIC)

The MICs were determined by the agar dilution method
adopted by Daud and Sanchaz (2005) [30]. Two-fold
serial dilutions of the original algae extract (500 mg/ml)
were prepared in nutrient broth to obtain concentration
from 200 to 12.5 mg/ml solvent, reference antibiotics
and the solvent were also assayed.

3. STATISTICAL ANALYSIS

The results for the antibacterial activity was compared
by using analysis of variance and Tukey test at P = 0.05
using statistical software SPSS Windows version 20.

4. RESULTS AND DISCUSSION
4.1. Phytochemical Screening

The qualitative phytochemical screening of the crude
powder of 19 algae was carried out in order to assess the
presence of bioactive compounds which might have an-
tibacterial potency. The presence of the alkaloids, flavo-
noids, tannins, steroids, saponins and anthraquinones was
investigated (Table 1). Alkaloids were present in higher
amounts (+++) in 3 algae, 10 in moderate amounts (++)
and 5 in lower amounts (+) while 1 of tested algae have
no alkaloids. Flavanoids were present in 11 algae in
higher amounts, 6 in moderate amounts, 1 in low amount
and only one showed no presence of flavanoids. Tannins
were present in 5 in high amounts, 8 in moderate amounts,
5 in low amounts and only one algae doesn’t contain tan-
nins. Presence of flavonoids and alkaloids in most tested
algae is interesting because of their possible use as natu-
ral additives emerged from a growing tendency to re-
place synthetic antioxidant and antimicrobials with natu-
ral ones [31]. Our results were in agreement with previ-
ous findings which showed presence of flavonoids and
alkaloids in most of marine algae [32-34].

4.2. Antibacterial Activity of Algal Extracts

The inhibitory effects of crude methanol and aqueous
extracts of 19 species of Libyan marine algae (green, red,
and brown) on the growth of various Gram positive and
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Table 1. Preliminary phytochemical screening of crude extracts of red, brown and green algae.

Alkaloids Tannins Saponins Flavonoids Terpenes Anthraquinones  Coumarins
Chlorophyta
U. lactuca ++ +++ +++ +++ ++ - -
E. compressa + - + ++ + - ++
E. prolifera ++ ++ ++ +++ ++ - +
E. spp. ++ ++ +++ ++ ++ + +
C. tomentosum ++ +++ +++ +++ + - _
C. racemosa +++ + +++ ++ ++ - +
Phaeophyta
C. barbata ++ + + +H+ ++ + +H+
C. crinita ++ +++ + +++ ++ ++ +
C. stricta + ++ + +++ +++ ++ ++
C. compressa ++ ++ + ++ +++ + ++
S. vulgare ++ ++ + +++ +++ + +
D. membranacea ++ + + +++ +++ + -
C. verticillatus + ++ +++ +++ ++ - ++
H. filicina +++ + +++ +++ ++ + +
Rhodophyta
G. latifolium ++ ++ +++ ++ +++ ++ +
H. musciformis + + + - - - -
J. rubens - + ++ + +++ - ++
J. spp. + -+ +++ +++ ++ - -
L. obtusa ++ + ++ ++ + + +++

+++ve, rich; ++ve, moderate; +ve, poor; —ve, absent.

negative bacteria using agar diffusion method are shown
in Tables 2 and 3. The extracts showed a significant an-
tibacterial activity against Gram positive as well as Gram
negative bacteria that confirms previous findings [13,14,
35]. The algal aqueous and methanolic extracts displayed
different degrees of antimicrobial activities against dif-
ferent bacteria, whereas some algae were active against
all tested bacteria such as E. compressa, U. lactuca, E.
prolifera (green algae) which was in agreement with
other reports [36], while others showed no activity against
some tested strains.

The Klebsiella spp. was found to be more sensitive
(widest zones of inhibition) among the Gram negative
bacteria (E. coli, S. typhi, and P. aeruginosa), and P.
aeruginosa was found to be more resistant. On the other
hand, most of tested algae showed inhibitory activity
against the tested Gram positive bacteria (B. subtilis, S.
epidermidis, S. aureus and Bacillus spp.). In general, the
Gram negative bacteria were more resistant (without
zones of inhibition), especially for aqueous extracts than
the Gram positive bacteria.

Methanol extract of C. racemosa (Chlorophyceae) ex-
hibited strong inhibition against Klebsiella spp. and S.
typhi with (16, 16 mm respectively) which was signifi-

Copyright © 2013 SciRes.

cantly higher than all other algae extracts (P < 0.05),
meanwhile, methanol extract of C. stricta (Phaeophyceae)
showed noticeable activity against S. epidermidis and S.
aureus (15, 15 mm respectively) in comparison with all
algal extracts (P < 0.05). G. latifolium (Rhodophyceae)
extract showed higher activity against E. coli (14 mm)
than all other algal extracts. The Gram positive B. sub-
tilis strain was more susceptible to ectract of C. race-
mosa and C. stricta extracts (14, 14 mm respectively)
compared to all other methanolic extracts (P < 0.05). No
inhibitory activities have been observed with some of the
methanol or aqueous extracts such as C. tomentosum
extact that exhibited no activity against P. aeruginosa, K.
spp. and E. coli (Tables 2 and 3). In this study, the brown
and red algae extracts were found more active than green
algae extracts, however brown algal extracts yield higher
antibacterial activity than red algae extracts which was in
parallel with earlier investigation [37].

Overall, antibacterial activity of aqueous extracts was
higher than that of methanol extracts (Table 3). In most
cases, aqueous extracts of all algae showed profoundly
distinct antibacterial activity by having observable inhi-
bition with diameters ranging from 11 to 18 mm on
tested bacteria. A remarkable effect was obtained with C.
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Table 2. Antimicrobial activity of methanolic marine algae extracts. TG = Taxonomic Group (C: Chlorophyta, P: Phaeophyta, R:
Rhodophyta).

Inhibition Zone (mm)*

TG Gram positive Gram negative
S. epi S.aur B. spp. B. sub P. aer K. spp. S. typhi E. coli
U. lactuca 11 £0.11° 11 £0.29° 13+0.58° 11 £0.09* 14 +0.11° 14 +0.63° 13+0.10° 12 £0.11°
E. compressa 12 £0.21 12 £0.11° 12 £021°  11£0.01* 11 £029"°  13+£0.29°  12+0.09° 12 £0.09
c E. prolifera 11 £0.01° 10+0.11° 1340.08° 11 £0.09°  12+0.11° 10 £0.09° 11 £0.06° 11 +£0.29°
E. spp. 12 £0.11°  14£0.11° 14£1.02° 13 £0.05° ND 15+0.29° ND 11 +£0.11
C. tomentosum 13 £029°  13+0.09° 14+0.11° 11 +0.01° ND 13 £0.58°  14+0.29° ND
C. racemosa 13 £0.12°  14+0.29° 13+£0.10° 14 +£0.63° ND 16 +1.19¢ 16 +0.36° 12+0.11°
C. barbata 11 £0.06° 13+0.11° 14 +£0.11° 11 £0.12* 11 £0.06" 15+£0.36° 11 £0.06° ND
C. crinita 12 £0.10° 13+0.11° 14 +0.22° 11 +0.11° 11 £0.11° 15+0.57° 15+0.58° 13 +1.04°
C. stricta 15 £029°  15+0.29° 13+0.12° 14 £021° 12 £0.05°  11+0.01° 15+0.61° 12+0.12°
C. compressa 12 £0.11°  13+0.11° 12+0.09° ND 12 £0.07°  15+0.09° 13+£0.11° 13 £0.08°
P S.vulgare 12 £0.12° 12+0.10° ND 11 £0.01* 11 +£0.01° 13+0.11 13+0.11° ND
D. membranacea 14 +0.11° 14+0.11° 11£0.08 12 £029° 12 £0.11°  15+0.36° 14 +0.29° ND
C. verticillatus 12 £0.09° 12+0.11° 13 £ 0.46° 12 £0.11° 11 £0.09° 13 +0.11° 12+0.07° ND
H. filicina 11 +0.06° 12+0.13° 13+0.05° 11 +0.09° ND ND 14 + 0.40° 11+0.12°
G. latifolium 10 £0.09°  13+£0.09° 12 £0.11° 10 +£0.11* ND 14 +0.29° 13+0.11° 14 +0.11°
H. musciformis 11 £0.10° 11 £0.06° 12 £029° 10 £0.01° 13 £0.13*  14+034° 12 £0.13° 11 +£0.09°
J. rubens 12 £0.06° 11+0.11° 12+0.58° 11 £0.25* 11 £0.06" 12+0.11° 13+0.51° ND
R J.spp. 11 +0.09° 11+£0.07° 12 £0.11°> 11 +0.06" ND ND 13+0.29° 11+0.21°
L. obtusa 11 £0.14*  14+0.09° 12 £0.09° 11 £0.05° 12 £0.09° 13+026> 11 £0.01° 10 +0.06"
Ciprofloxacin 23 26 24 20 29 24 25 23

S. aur: Staphylococcus aureus B. sub: Bacillus subtilis, E. coli: Escherichia coli, P. aer: Pseudomonas aeruginosa, B. spp.: Bacillus spp., S. typhi: Salmonella
typhi, S. epi: Staphylococcus epidermidis, K. spp.: Klebsiella spp. Data are expressed as the mean + standard deviation (SD) of three replicates. Different letters
represent the statistical comparisons between groups by using ANOVA followed by post hoc Tukey’s b test (P < 0.05). ND, not detectable.

Table 3. Antimicrobial activity of aqueous marine algae extracts. TG = Taxonomic Group (C: Chlorophyceae, P: Phaeophyceae, R:
Rhodophyceae).

Inhibition Zone (mm)

TG Gram positive Gram negative
S. epi S. aur B. spp. B. sub P. aer K. spp. S. typhi E. coli

U. lactuca 12 £0.11° 12 +0.08* 13+0.11° 12+ 0.08* ND 11 +0.03 11 £0.05* 12 +£0.04°

E. compressa 15 £029° 12 £0.09° 14 £0.13° 11+0.01* 12 £029° 15 £0.29° 12+ 0.29° 11 +0.06
c E. prolifera 11 £0.01* 12 £0.11° 11 £0.08" 11+0.11* 11 +£0.36° 11 £0.01* 11 £0.01* 11 £0.01*

E. spp. 12 £0.07° 11 £0.05* 16 £0.58° 11 +0.05 ND 12 £0.58° 12 £0.12° 11 £0.11°

C. tomentosum 11 £0.11° 10 £0.03* 12 £0.09° 10 £0.01* ND ND 11 +0.01° ND

C. racemosa 11 £0.05° 11 £0.08° 11 £0.01* 12 £0.29° ND ND 11 £0.02% ND

C. barbata 11 £0.11° -ve 12 £0.09° 11 £0.05° ND ND 11 +0.03° ND

C. crinita 14 +£0.29¢ 15 £0.29° 18 £029° 13 +£0.12° ND 16 £0.58¢ 16 £0.11¢ 12 +£0.09°

C. stricta 14 £0.58° 12 £0.21° 14 £0.11° 15 +£0.58° 11 £0.01* 17 £0.23% 13 £0.06° 11 £0.01°

C. compressa 10 £0.01° 11 £0.01* 13 £0.11° 11 £0.05° 11 £0.03* 11 £0.01* 11 £0.03* 12 +£0.29°
P S.vulgare 12 £0.07° 12+0.11° 13 £0.12° 14 £0.36° 11 +£0.01° 11 £0.11° 13+0.08° 11 £0.01°

D. membranacea 10 +0.02° 11 £0.01° 12 £0.02° 12 £0.11° ND 15+ 0.05° 13 +£0.08° ND

C. verticillatus 10 £0.01° 11 £0.05* 14 £0.08° 10 +£0.01° ND 11 £0.03* 11 £0.01* 12 £0.05°

H. filicina 12 £0.08° 11 £0.04* 14 £0.13° 12 £0.09" ND 14 £0.11° 14+0.12° ND

G. latifolium 15 £0.29¢ 14 £0.03° 17 £0.12¢ 13 £0.07° ND 16 +0.36° 14 £0.11° 11 +0.06"

H. musciformis 15 +£0.12° 12 £0.02° 16 £0.54% 11 £0.01° 12 £0.11° 15 £0.29° 15 £0.29° 11 £0.03"

J. rubens 14 £0.23° 15 £0.09° 15 +£029° 13 £0.29" ND 17 £0.58¢ 14 £0.11° 11 +£0.01°
R J.spp. 10 £0.01* 13 £0.21° 14 +£0.11° 11 +0.03° ND 12 £0.12° 11 £0.05° 11+0.01°

L. obtusa 10 £0.01° 11 +£0.11° 15 £0.12° 10 £0.01* 12 +0.11* 11 £0.09* 12 +0.11° ND

Ciprofloxacin 23 26 24 20 29 24 25 23

S. aur: Staphylococcus aureus B. sub: Bacillus subtilis, E. coli: Escherichia coli, P. aer: Pseudomonas aeruginosa, B. spp.: Bacillus spp., S. typhi: Salmonella
typhi, S. epi: Staphylococcus epidermidis, K. spp.: Klebsiella spp. Data are expressed as the mean + standard deviation (SD) of three replicates. Different letters
represent the statistical comparisons between groups by using ANOVA followed by post hoc Tukey’s b test (P < 0.05). ND, not detectable.
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crinite (Phaeophyceae) extract against Bacillus spp. (18
mm) and Klebsiella spp. and S. typhi (16, 16 mm respec-
tively) compared with all other extracts (P < 0.05). In
addition, S. epidermidis was more susceptible to G. lati-
folium, H. musciformis and E. compressa extracts with
large high inhibition zone (15 mm).

MIC results for the algal species tested against the
different microorganisms are presented in Figures 1 and
2. MIC values of 25 - 200 mg/ml were obtained for the

11

methanol and aqueous extracts in the tests with the bac-
terial species. MIC’s of the methanol and aqueous ex-
tracts for Klebsiella spp. were 25, 200 mg/mL (C. ra-
cemosa), 25, 25 mg/mL (C. crinita), and 50, 25 mg/mL
(G. latifolium) respectively. Whereas, MIC’s of the metha-
nol and aqueous extracts for Bacillus spp. were 50, 200
mg/mL (C. racemosa), 50, 25 mg/mL (C. crinita), and
100, 25 mg/mL (G. latifolium) respectively (Figures 1
and 2).
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Figure 1. The in vitro MIC values (mg/ml) of methanolic extracts of tested algae. (a) Chlorophyta; (b)
Phaeophyta; and (c) Rhodophyta. S. aur: Staphylococcus aureus, B. sub: Bacillus subtilis, E. coli: Es-
cherichia coli, P. aer: Pseudomonas aeruginosa, B. spp.: Bacillus spp., S. typhi: Salmonella typhi, S.
epi: Staphylococcus epidermidis, K. spp.: Klebsiella spp.
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Figure 2. The in vitro MIC values (mg/ml) of aqueos extracts of tested algae. (a) Chlorophyta;
(b) Phaeophyta; and (c) Rhodophyta. S. aur: Staphylococcus aureus, B. sub: Bacillus subtilis,
E. coli: Escherichia coli, P. aer: Pseudomonas aeruginosa B. sp: Bacillus spp., S. typhi: Sal-
monella typhi, S. epi: Staphylococcus epidermidis, K. spp.: Klebsiella spp.

Most of the active compounds of marine algae show
antibacterial activities [36,38]. Many metabolites isolated
from marine algae have been shown to possess bioactive
effects [39-41]. However, Antimicrobial activity depends
on algal species and on extraction efficiency of their ac-
tive compounds [29], as well as location, seasons of the
year and temperature of the water [42]. In present study,
methanol extraction from J. rubens, U. lactuca exhibited
antimicrobial activity against B. subtilis, whereas their
aqueous extracts were inactive (Tables 1 and 2). In addi-
tion, Perez et al. (1990) [43] found that the extract of U.
lactuca had no antimicrobial activity. In contrast, our
results showed that the methanol extract of U. lactuca
inhibited all the test organisms. This difference may be

Copyright © 2013 SciRes.

attributed to location or seasonal variations [29,44].

5. CONCLUSION

In conclusion, our results indicate that the algal species
collected in the current study from Libyan coast represents
rich source of valubal medicine compounds and their
extracts exhibit a significant capacity of antibacterial
activities especially brown algae, therefore screening their
natural products will be of great interest and further
studies should be undertaken to characterise the active
compounds residing in these types of algae as well as to
evaluate the effects of each individual compound on mi-
croorganisms. Moreover, toxicological studies are need to
be performed.
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