J. Appl. Environ. Biol. Sci., 6(1)242-248, 2016
© 2016, TextRoad Publication

ISSN: 2090-4274
Journal of Applied Environmental
and Biological Sciences
www.textroad.com

Antimicrobial activity of two marine algae Ulva rigida and Ulva intestinalis
collected from Arzew gulf (Western Algeria)
Sahnouni F.1*, Benattouche Z. 2, Matallah-Boutiba A.1, Benchohra M. 2, Moumen Chentouf W.2,
Bouhadi D.2, Boutiba Z.1.
1.

Environmental Monitoring Network, Faculty of Science, University of Oran, Algeria.
2.
Faculty of Natural Sciences and Life, University of Mascara, Algeria
Received: November 7, 2015
Accepted: January 1, 2016

ABSTRACT
In this study, extracts of two marine cholophycean algae (Ulva rigida and Ulva intestinalis), harvested from
Arzew gulf (Western Algeria) were investigated for their antimicrobial activity against Human pathogenic
bacteria including antibiotic-resistant organisms and yeast were tested by using the paper disc agar diffusion
method. Methanolic extract of Ulva rigida showed stronger anti-microbial activity compared to that of Ulva
intestinalis. Both extracts inhibited but at different concentrations Esherichia coli, Streptococcus pyogenes,
methicillin-resistant Staphylococcus epidermidis (MRSE), Candida albicans and Aspergillus niger. Methanolic
extract of Ulva rigida elicited remarkable antibacterial activity against all Human pathogenic bacteria screened
in this study. However no activity was detected by methanolic extract of Ulva intestinalis on multi-drug
resistant(MDR) Proteus mirabilis and . Results of present study confirmed the potential usefulness of marine
algae in the pharmaceutical and biotechnological industries.
KEY WORDS: marine algae, Ulvarigida, Ulva intestinalis, antimicrobial activity, Algeria
INTRODUCTION
Faced with escalating multidrug resistance in bacteria and the emergence of new infectious diseases, many
researchers have focused on investigating natural and safe antimicrobial agents for both the food and medical
industries [1]. Seaweeds or marine macroalgae are one of the abundant natural resources in marine ecosystems.
They have recently received significant attention for their potential to supply new bioactive substances [2, 3, 4].
Their capacity to produce metabolites that exhibit various biological activities such as antibacterial, antiinflammatory, antiviral [5, 6]; antifungal [7], anticancer, antidiabetic, antihypertensive, antihyperlipidemic, and
antioxidant activities [8, 9, 10, 11, 12, 13] is increasingly recognized.
Chlorophyceaen seaweeds, popularly known as green algae, are widely distributed in both inter-tidal and
deeper-water regions of the seas. The genus Ulva (U.) was first identified by Linnaeus in 1753 [14]. These algae
have a potential for rapid and proliferous growth with a ubiquitous distribution with species living in a wide
range of habitats and environments [15, 16]. They can proliferate in saline and brackish, freshwater habitats
[17]. The chemical composition of these macroalgae was found to vary depending on geographical distribution
and seasons and the principal environmental factors affecting the composition are water temperature, salinity,
light, nutrients and minerals availability [15].
Our knowledge (obtained from literature) indicated that data related to antimicrobial activity of seaweeds
throughout the west coast of Algeria are very limited. Hence, the aim of this study was to investigate the
antibacterial and antifungal activity of two marine algae belonging to Chlorophyta (Ulva rigida and U.
intestinalis) against Human pathogenic bacteria including antibiotic-resistant forms and three fungi (Candida
albicans, Aspergillus niger, Cryptococcus neoformans).
MATERIALS AND METHODS
Sample Collection
Fresh samples of two species of marine algae. namely U. rigida and U. intestinalis were collected
from Arzew gulf (Western Algeria) during March 2015. The identification of the investigated marine algae
was kindly verified by Prof. ELKHIATI Laboratory of Biology and Plant Physiology CasablancaMorocco. Once harvested, marine algae were stored in plastic bags and placed on ice for transport to the
laboratory. They were washed several times with seawater to remove sand, mud and attached fauna. Then
they were cleaned of epiphytes and necrotic parts were removed. The samples were dried in room
temperature (28oC -30oC, low humidity) for three weeks. The dried algae materials were homogenized to
fine powder before extraction.
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Preparation of algal extracts
Ten grams of dried material were added to 150 ml of methanol and left for 8 h at room temperature with
stirring at 200 rpm. The solvent extracts were then filtered and the filtrate was concentrated by rotary
evaporation at 45 - 50°C. The resulting extracts were then dissolved in dimethlysulfoxide (DMSO) and kept at
+4°C until further use.
Culture and Maintenance of microorganisms
The seaweed extracts were tested against a panel of clinical isolates viz: Escherichia (E.) coli, Salmonella
sp., Shigella (S.) dysentriae, Pseudomonas (P.), aeruginosa, multi-drug resistant (MDR) Proteus (P.) mirabilis
(sensitive Streptococcus pyogenes, Staphylococcus aureus methicillin-resistant (MRSA), Staphylococcus
epidermidis (MRSE), Klebsiella (K.) pneumoniae, vancomycinresistant (VRE) Enterococcus (E.) faecalis,
Candida (C.) albicans, Aspergillus (A.) niger and Cryptococcus neoformans.
Pure cultures of all experimental bacteria and fungi were obtained from Mascara Hospital-Algeria. The
resistance patterns of these isolates were investigated according to criteria of National Committee for Clinical
Laboratory Standards (NCCLS, 2002) and Manual of Antimicrobial Susceptibility Testing guidelines [18]. The
pure bacterial cultures were maintained on nutrient agar medium and fungal culture on potato dextrose agar
(PDA) medium. Each bacterial and fungal culture was further maintained by subculturing regularly on the same
medium and stored at 4o C.
Antibacterial assay
Antimicrobial activity was evaluated using the agar diffusion technique in Petri dishes [19]. Briefly, all
bacterial isolates were suspended in saline to a turbidity equivalent to 0.5 McFarland (1.5 x 108 CFU/ml) and
0.1ml standardized inoculum suspension was swabbed uniformly on MHA plates. Sterile filter paper discs, 6 mm
in diameters (Whatman No. 1), were loaded with 20 μl of the different extracts and air dried (the crude extracts
were dissolved in 10% DMSO). Discs impregnated with methanol and with DMSO were used as negative
controls. The discs were placed on Muller Hinton agar plates (Merck, Darmstadt, Germany) inoculated with each
of the previously mentioned microorganisms (approximately 107-108 bacteria and fungus/ml). Plates were
incubated for 24 h at 35°C. After incubation the clearance zones around the discs were measured and expressed
in millimeter. The extracts were tested at different concentrations (200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml and
12,5mg/ml).
Statistical analysis
All the experiments were carried out in triplicates and values were expressed as mean ± SD. Graphics were made
using Microsoft Office Excel 2007.
RESULT AND DISCUSSION
In the present study, the methanol was chosen for extraction method because it was reported by many
researchers that seaweeds extracts obtained with methanol have higher antimicrobial activity than that of extracts
obtained with other organic solvents viz: n-hexane, acetone and ethyl acetate [20, 21].
As shown in Figure 1, results showed that methanolic extract of U. rigida elicited remarkable antibacterial
activity against all Human pathogenic bacteria screened in this study.
Erturk and Taş [22], reported that ethanol extract of U. rigida collected from the coast of Vona Bay
Perşembe, Ordu (TURKEY), exhibited inhibition activity against Staphylococcus aureus, Bacillus cereus,
Salmonella typhimurium, Listeria monocytogenes, Escherichia coli and Pseudomonas aeruginosa. Also, Tuney
et al. [23] indicated that diethyl ether extracts of U. rigida showed bactericidal activity against some pathogenic
bacteria such as: Enterococcus faecalis, Staphylococcus epidermidis, Staphylococcus aureus, Escherichia coli
and Pseudomonas aeruginosa. In contrast, Taskin et al., [24]; Salvador et al. [25] and Cherif et al., [26] have
reported very Low or no inhibitory activity by U. rigida. This variation between results may be explained by to
several factors viz: extraction method, geographical sampling zone, algae species, collected season of the algae,
algal growth phases and intraspecific variability in the production of secondary metabolit.e s. [27, 28, 29].
In the current work, E. coli, P. aeruginosa, S.dysentriae, Streptococcus pyogenes and Staphylococcus
epidermidis (MRSE) were inhibited by methanolic extract of U. rigida at different extract concentrations (Fig.1).
K.pneumoniae, MDR P.mirabilis, Salmonella sp and Staphylococcus aureus (MRSA) were inhibited until
25mg/ml. However E.faecalis (VRE) was inhibited only at 200 and 100mg/ml (Fig. 1). K.pneumonia and MDR
P. mirabilis exhibited higher sensitivity for U. rigida extract with an inhibition zone respectively of 25.66 ± 0.
23 mm and 24.16 ± 0.63 mm. The larger diameter of zone inhibition represents high sensitivity of the
microorganisms to the seaweed extracts and the higher concentrations of extract.
Lim et al. [30] and Darah et al. [31], reported that the higher concentration of the extract is necessary to kill
the microorganisms cells. According to Imbs et al. [32], antimicrobial activities of extracts varied considerably
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between assay microorganisms and by variety of antimicrobial compounds. An increasing number of studies
have recorded the mechanism of actions involved in bacterial killing process. Among them are the interactions of
the antimicrobial compound with the cell membrane, interference with the production of essential proteins or
with the transformation (metabolism) of nucleic acid [33, 22].
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Figure 1. Antibacterial activity of extracts of U. rigida collected from Arzew gulf (Western Algeria)
during March 2015.
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Figure 2. Antifungal activity of extracts of U. rigida collected from Arzew gulf (Western Algeria) during
March 2015.
Another significant result of the present study was that the methanolic extract of U. rigida showed good
antifungal activity against A. niger (24,02 ± 0.84),C. albicans (21.5±1.08) and Cryptococcus neoformans (20.5±
0.70) (Fig. 2). A similar observation was recorded by Madalena et al., [17] and Ertürk and Taş [22].
On the other hand, the results obtained show that methanolic extract of U. intestinalis has a lower
antibacterial activity than that observed by methanolic extract of U. rigida. Indeed, only E. coli, Streptococcus
pyogenes and Staphylococcus epidermidis (MRSE) were inhibited at different extract concentrations (Fig. 3).
However, P. aeruginosa was inhibited only at 200 mg/ml. In this study it was found that, MDR P. mirabilis and
Staphylococcus aureus (MRSA) were more resistant to methanolic of U. intestinalis. A possible explanation for
these observations may be attributed to masking antibacterial activity by the presence of some inhibitory
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compounds in the extract [31]. Referring to the literature, bacterial resistance, may be ascribed to 2 distinct
pathways: passive, which involves alterations of outer membrane proteins, the porins, which decrease the rate of
entry of antimicrobial compound into the bacteria by diminution of the pore size and active, which involves
overexpression of an indigenous efflux pump that exports the antimicrobial compound outside the cell after a
regulatory mutation [34].
In the current work, the maximum activity was observed in K.pneumoniae (22. 77 ± 0.34 mm). A similar
observation was recorded by Maruthupandian et al., [35]. In contrast, our results are partially in agreement with
those obtained by Berber et al., [36] who demonstrated that metabolic extract U. intestinalis collected from the
coastal region of Sinop (Turkey) showed maximum activity against Staphylococcus epidermidis but no activity
was observed towards Escherichia coli. Pandidurai and Perumal, [37] demonstrated that U.intestinalis showed
maximum activity against P. mirabilis.
Furthermore, we note that diameters of the inhibition zones recorded in our research are more important than
indicated in the three aforementioned studies. These differences can be explained by the seasonal variation,
sampling location or the higher concentrations of extract as demonstrated by several researchers mentioned above.
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Figure 3. Antibacterial activity of extract of U. intestinalis collected from Arzew gulf (Western Algeria)
during March 2015.
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Figure 4. Antifungal activity of extracts of U. intestinalis collected from Arzew gulf (Western Algeria)
during March 2015.

245

J. Appl. Environ. Biol. Sci., 6(1)242-248, 2016

Antifungal activity results of U. intestinalis were more significant than those observed by methanolic
extract of U. rigida (Figure 4). The highest inhibition activity was observed in Cryptococcus neoformans (23. 5±
1.08 mm) and C. albicans 21. 2 ± 0,62 mm). These results are not in agreement with those obtained by Darah
and Lim [38]. No activity was exhibited by methanolic extract of E. intestinalis on tested fungi and yeast
according to these researchers.
Our results highlighted the strongly in vitro antifungal activity of the tested algal extracts. However, it is
important to note that Saidani et al., [39] reported methanolic extracts of four species of marine algae
(Rhodomella confervoides, U. lactuca, Cystoseira tamaricifolia and Padina pavonica) collected from Bejaia
coast (Algeria) showed antifungal activity against three fungal species (A. niger, C. albicans and Mucor
ramaniannus).
In all case, the antimicrobial effect of both methanol extracts were found to be dose-dependent as it was
observed that the inhibition zone increased as the concentration of methanol extracts increased. Also, no
inhibition of test microorganisms growth was observed in the presence of 10% DMSO in disc diffusion method.
Hence, results obtained from this study demonstrated that methanolic extracts of U. rigida and U.
intestinalis showed clear and important antimicrobial activities against Human pathogenic microorganisms
including antibiotic-resistant bacteria. The present results agreed with the findings of Kandhasamy and
Arunachalam [40], who concluded that Chlorophyceaen members showed higher antimicrobial activity than
other algal groups. In fact, a large number of Ulva extractions products have been found to have antimicrobial
activity, many of these compounds have been identified as fatty acids, hydroxyl unsaturated fatty acids,
ghycolipids, steroids, phenolics and terpenoids [41].
Conclusion
Our findings, using green macroalgae from the Algerian coast, show that they are potential sources of
bioactive compounds. These algae may be a valuable and renewable source for many active substances with a
wide range of applications in agriculture, medical or food industry. Therefore screening these natural products
will be of great interest and further studies should be undertaken to characterize the active compounds residing in
species of algae. Moreover, more toxicological studies need to be performed.
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