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Since ancient times antimicrobial properties of seaweeds have been recognized. In this study,
antifungal activity of four species of marine algae of Bejaia coast (Algeria) was explored. This activity
was evaluated by agar diffusion method. The minimum inhibitory concentrations were also determined
for all the strains. All the extracts used in this study exhibited antifungal activity. The highest inhibiting
effect was noted for Rhodomela confervoides (red algae) and Padina pavonica (brown algae),
respectively against Candida albicans (diameter of inhibition zone: 24 mm) and Mucor ramaniannus
(diameter of inhibition zone: 26 mm) for the first one and Candida albicans (diameter of inhibition zone:
26 mm) for the second one. Aspergillus niger showed resistance against majority of methanolic
extracts. The evaluation of minimum inhibitory concentrations showed that extracts of Padina
pavonica, Rhodomela confervoides and Ulva lactuca were very efficient against Mucor ramaniannus
and Candida albicans. These results suggest that seaweeds collected from Algerian coast present a
significant capacity which makes them interesting for screening for natural products.
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INTRODUCTION

Since the finding of antibacterial and antifungal activities Rodophyceae (Rhodomella confervoides), Chlorophyceae (Ulva
in many species of marine algae from different part of the ~ lactuca) and Phaeﬁphycdeaf‘e (C3I;St95_e'ra tamgrlc&ollahaggoga%a
world and the isolation of some active compounds from pavonica) were collected from Bejaia coast in Marc - he
h d Hid . ichel d itzk algal samples were thoroughly washed to remove all attached
them (Hornsey and Hide, 1974; Reichelt and Borowitzka, materials and dried under shade.

1984), marine algae have become recognized as

potential sources of antibiotic substances (Rao, 1991).

Algeria has a high species diversity of marine algae but ~ Preparation of methanolic extract of algae

there are On.ly fewireports Or.] the scregr.n.ng of Algerian The samples of marine algae are dried at room temperature under
algae for antibacterial and antifungal activities. shade and powdered. The powder was dissolved with methanol

This study aimed to determine the antifungal activity of (1/10w.v) and soaked overnight. The solvent extracts were
methanolic extracts of four Algerian marine algae, on centrifuged at 2220 g for 10 min (sigma). The supernatant which
three strains of fungi Aspergillus niger (939N), Candida contains polyphenols was recovered.

albicans (ATCC 1024) and Mucor ramaniannus The pellet was dissolved twice in methanol (1/10 w.v). The
supernatants were filtered through layered cheese cloths and

(NRRL1829). concentrated in Kika labortechnik Rotavapor. The dried extract
were dissolved in methanol and stored at 4°C before testing (Cho et
al., 2007).

MATERIALS AND METHODS

Algae materials Tested microorganisms

Four species of marine algae belonging to families such as Fungal microorganisms used in this study were obtained from

applied microbiology laboratory (University of Bejaia). Three fungal
species such as A. niger (939N), C. albicans (ATCC 1024) and
Mucor ramaniannus (NRRL 1829) were cultured individually on

- - - - selective broth at 28°C for 24 h, before inoculation for assay
*Corresponding author. E-mail: fadilamaiza@yahoo.fr. (Karabay-Yavasoglu et al., 2007).
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Table 1. Inhibition zones (expressed in mm) in presence of methanolic extracts of algae.

Diameter of inhibition zone (mm)

A. niger M. ramaniannus

Marine algae Dilution
9 (mg/25 pl) C. albicans
1.25 16.67+00.57°
Cystoseira tamariscifolia 0.625 17.33+00.57%
0.312 16.33+00.57°
0.156 17.67+00.57%
1.25 26.00+00.00"
0.625 25.00+00.00
Padina pavonica 0.312 24.00tO0.00f
0.156 25.00+00.00
1.25 23.00+00.00"
0.625 24.00+00.00
) 0.312 24.00+00.00'
Rhodomela confervoides 0.156 22 00£00.00°
1.25 14.33+00.57°
0.625 12.33+00.572
Ulva lactuca 0.312 16.33+00.57°
0.156 18.33+00.57"

08.00+00.00°
08.00+00.00°
08.00+00.00°
08.00+00.00°

18.00+00.00i
20.00+00.00"
19.00+00.00’
20.00+00.00"

11.00+00.00¢
11.00+00.00¢
11.00+00.00¢
11.00+00.00¢

11.00+00.00¢
15.00+00.00°
13.00+00.00'
13.00+00.00'

21.00+00.00°
19.00+00.00°
18.00+00.00°
19.00+00.00°

15.00+£00.00°
19.00+£00.00°
15.00+£00.00°
22.00+00.00'

26.00+00.00’
25.00+00.00'
24.00+00.00"
25.00+00.00'

15.00+£00.00°
19.00+£00.00°
15.00+£00.00°
22.00+00.00'

All values are mean (n=3) (standard deviation). Means with the same letter in the same column are not significantly different (p<0.05).

One hundred milliliter of broth culture which contain 10° ufc/ml were
used for the inoculation of Muller- Hinton medium (Salvador et al.,
2007).

Antifungal assay

Antifungal activity was evaluated by agar diffusion method (Suay et
al., 2000). The agar plates inoculated with the test microorganisms
were incubated for 1 h before placing extract, following this spots of
25 ul of crude extract of algae were applied on agar medium. After
incubation at 28°C+0.1 for 48 h, all plates were observed for zones
of growth inhibition, and the diameters of these zones were
measured in millimeters. All tests were performed on sterile
conditions in duplicate and repeated three times. Nystatine was
used as positive control, and methanol as negative control
(Karabay-Yavasoglu et al., 2007). The minimum inhibitory
concentration (MIC) was also determined for each tested
microorganism. The MIC value was taken as the lowest
concentration of extract which inhibited the growth of the test
microorganisms after 48 h at 28°C (Patra et al., 2009).

Statistical analysis

Data were subjected to analysis of variance using the Statistica 5.5
package (StatSoft ,97 edition). Where statistical differences were
noted, differences among packages were determined, using the low

significant difference (LSD) test. Significance was defined at P <
0.05.

RESULTS

Antifungal activity

The results of antifungal activity seaweeds methanolic

extracts are summarized in Table 1 and Figure 1.
Methanol without algae extract was used as negative
control, no antifungal activity was observed in this case.
Extracts of the four species of Algerian algae showed
antifungal activity against every fungal strain tested in this
study. Methanolic extract of Cystoseira tamariscifolia
(Phaeophyceae) showed the lowest activity against A.
niger (8 mmz=00.00), the same strain was moderately
sensitive to extract of Rhodomela confervoides
(Rhodophyceae) (11 mmz=00.00). M. ramaniannus was
the most sensitive strain against all the extracts used in
this study.

Polyphenol standards and nystatin exhibited highest
activity than the majority of dilution extracts. However, no
activity was observed with the catechin against A. niger
(Table 2).

Determination of minimum inhibitory concentration

The antifungal activity of methanolic extracts of algae,
assessed by the determination of the minimum inhibitory
concentration (MIC) is shown in Table 3. The highest MIC
was obtained with methanolic extract of cystoseirae
tamarisciflora against the three strains used in this study.
Extracts of Padina pavonica, Rhodomela confervoides
and Ulva lactuca were more efficiency against the three
fungi (C. albicans, A. niger and M. ramanaiannus),
because MIC values, in this case, was very low
compared with that of Cystoseira tamarisciflora,
excepted in the case of A. niger. Nystatin used as a
positive control presented the lowest MIC value against
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Figure 1. Antifungal activities of methanolic extracts of the four species of algae. a) Extract of
Rhodomela conforvoides against Candida albicans. b) Extract of Cystoseira tamariscifolia
against Candida albicans. c) Extract of Padina pavonica against Aspergilus niger. d) Extract of
Ulva lactuca against Candida albicans.

all the strain tested in this study (Table 4). Polyphenol
standards except quercetin showed low MIC values
against C. Albicans and M. ramaniannus however MIC
value was high concerning A. niger which presented
resistance against all algae methanolic extracts and
ployphenol standards.

DISCUSSION

Extract of the four species of Algerian algae showed
antifungal activity against every fungal strain. In the study
by Gonzalez et al. (2001) no antifungal activity was found
against C. albicans (MY 1055) Saccharomyces cerevisae
(w303) and Aspergillus fumigatus (MF5667) with extracts
of 40 species of marine algae; except the extract of
Cympolya barbata (green algae) and Asparagopsis
taxiformis (red algae) which exhibited antifungal activity

against three strains cited previously. In our study,
methanolic extracts of the four species of algae:
Cystoseira tamarisciflora (brown algae), Padina pavonica
(brown algae), Rhodomela confervoides (red algae) and
Ulva lactuca (green algae) exhibited antifungal activities
against the three strains used in this study. Zovko et al.
(2012) obtained the same results against fungal strains
with a high activity of algal extracts against C. albicans.
Gao et al. (2011) showed that a few extracts of marine
algae have not only an antifungal activity but a toxicity
towards cancer cells.

In another study, the authors (Tuney et al., 2006) found
that ethanolic extract of Padina pavonica were active
against C. albicans, however methanolic and acetonic
extracts of the same algae were inactive against C.
albicans. In our study, methanolic extract of these algae
exhibited a good activity against C. albicans. These data
seemed to indicate that efficiency of algal extracts



Table 2. Antifungal activity of polyphenol standards and nystatin.
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Diameter of inhibition zone (mm)

Phenolic standard Dilution (mg/25 pl)

C. albicans A. niger M. ramaniannus
1.25 16.67+00.57° 12.00+00.00° 29.00+00.00™
Caffeic acid 0.625 17.33+00.57° 12.00+00.00° 27.00+00.00"
0.312 16.33+00.57° 12.00+00.00° 23.00+00.00°¢
0.156 17.67+00.57% 12.00+00.00° 23.00+00.00°
1.25 32.67+00.57°° 10.00+00.00° 41.00+00.00°
Gallic acid 0.625 30.33+00.57" 10.00+00.00° 40.00+00.00"
0.312 21.67+00.57° 10.00+00.00° 39.00+00.00°
0.156 17.33+00.57% 10.00+00.00° 39.00+00.00°
1.25 38.67+00.57° 25.00+00.00" 28.00+00.00'
Tannic acid 0.625 34.33+00.57¢ 26.00+00.00° 25.00+00.00'
0.312 32.33+00.57° 21.00+00.00' 21.00+00.00°
0.156 30.33+00.57" 20.00+00.00" 21.00+00.00°
1.25 40.33+00.57' 00.00+00.00% 43.00+00.00"
Catechin 0.625 38.33100.57f 00.00+00.00% 41.00+00.00°
0.312 36.33+00.57 00.00+00.00% 40.00+00.00"
0.156 33.33+00.57" 00.00+00.00% 39.00+00.00°
1.25 28.67+00.57™ 16.00+00.00" 15.00+00.00?
Quercetin 0.625 29.33100.57”|’ 16.00100.00: 18.00100.00':
0.312 28.33+00.57 16.00+00.00 20.00+00.00
0.156 28.33+00.57' 16.00+00.00" 21.00+00.00°
1.25 NT NT NT
Nystatin (ATF) 0.625 18.33+00.00' 19.00¢oo.ooi 38.00+00.00°
0.312 21.67+00.57¢ 20.00+00.00 36.00+00.00°
0.156 21.67+00.57¢ 23.00+00.00" 33.00+00.00"

All values are mean (n=3) (standard deviation). Means with the same letter in the same column are not significantly different (p<0.05).

Table 3. MIC values (mg /ml) of the four marine algae against fungal strains.

. MIC (mg/ml)
Marine algae - - -
C. albicans A. niger M. ramaniannus
Cystoseira tamariscifolia 2.2 2.8 1.8
Padina pavonica 0.6 1.2 0.1
Rhodomela confervoides 0.1 1.2 0.1
Ulva lactuca 0.6 1.2 0.1

9499

against microorganisms is influenced by factors such as
location and seasonality (Febles et al., 1995). The
differences between our results and the others may be
due to several factors, for example the inter specific
variability in the production of secondary metabolites
(Febles et al., 1995) which may be related to seasonal

variations (Moreau et al., 1988; Itoh and Shinya, 1994;
laturnus et al., 1996). These differences may be also due
to extraction protocols to recover the active metabolites
and the assay methods. (Karthikaidevi et al., 2009)
Antifungal activity of seaweeds also varied with the
species from different division. Several authors showed
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Table 4. Estimation of MIC values of polyphenol standards and nystatin (mg/ml).

Phenolic standard - MIc (mg/ml) -
C. albicans A. niger M. ramaniannus
Caffeic acid 0.6 1.2 0.1
Gallic acid 0.6 >3 0.4
Tanic acid 0.1 1.8 0.1
Catechin 0.8 NT 0.6
Quercetin >3 >3 1.2
Nystatin <0.1 <0.1 <0.1
that Rhodophylea (red algae) showed highest Karabay-Yavasoglu NU, Sukatar A, Ozdemir G, Horzum Z (2007).

antimicrobial activity than Phaephila (brown algae).
Effectively, our results confirm this observation:
Rhodomela confervoides (red algae) exhibited a
strongest activity against C. albicans and M.
ramaniannus than Cystoseira tamariscifolia (brown algae)
(Padmakumar and Ayyakkannu, 1997).

Conclusion

Methanolic extracts of the four species of algae used in
this study exhibited activities against C. albicans, A. niger
and M. ramaniannus. Calbicans and M. ramaniannus
were more sensitive against all the extracts than A. niger.
The active compounds in the species that showed strong
antifungal activity in our study remain to be identified.

REFERENCES

Cho SH, Kang SE, Cho J, Kim A, Park S, Hong Y, Ahn D (2007). The
Antioxidant Properties of Brown Seaweed (Sargassum siliquastrum)
extracts. J. Med. Food. 10(3): 479-485.

Febles CL, Arias A, Gil-Rodriguez MC, Hardisson A, Sierra Lopez A
(1995). In vitro study of antimicrobial activity in algae (Chlorophyta,
Phaeorophyta and Rodophyta) collected from the coast of Tenerife
(in Spanish). Yearbook of the Institute for Canaries. 34: 181-192.

Gao SH, Li XM, Li CS, Proksch P, Gui B (2011). Penicisteroides A and
B, antifungal and cytotoxic polyoxygenated steroids from the marine
alga-derived endophytic Fungus penicillium chrysogenum QUEN -
24S. Bioorg. Med. Chem. Lett. 21: 2894-2897.

Gonzalez del Val A, Platas G, Basilio A, Cabello A, Gorrochategui J,
Suay I, Vicente F, Portillo E, Jiménez del Rio M, Reina GG, Pelaez F
(2001). Screening of antimicrobial activities in red, green and brown
macroalgae from Gran Canaria (Canary Island, Spain). Int. Microbial.
4: 35-40.

Hornsey IS, Hide D (1974). The production of antimicrobial compounds
by British marine algae. I. Antibiotic producing marine algae. Br.
Phycol. J. 9: 337-342.

Itoh N, Shinya M (1994). Seasonal evolution of bromomethanes from
coralline algae (Corallinacaea) and its effect on atmospheric ozone.
Mar Chem. 45: 95-103.

Antimicrobial Activity of Volatile Components and Various Extracts of
the Red Alga Jania rubens. Phytother. Res., 21: 153-156.

Karthikaidevi G, Manivannan K, Thirumaran G, Anantharaman P,
Balasubaramanian T (2009).Antibacterial proprieties of selected
green seaweeds from vedalai coastal waters; gulf of mannar marine
biosphere reserve. Global J. Pharmacol., 3(2): 107-112.

Laturnus F, Wience C, Kléser H (1996). Antarctic macroalgae — sources
of volatile halogenated organic compounds. Mar. Environ. Res. 43:
409-415.

Moreau J, Pesando D, Bernard P, Caram B, Pionnat JC (1988).
Seasonal variations in the production of anti-fungal substances by
some Dictyotales (brown algae) from the french Mediterranean coast.
Hydrobiol.162: 157-162.

Padmakumar K, Ayyakkannu K (1997). Seasonal variation of antibiotical
and antifungal activities of the extracts of marine algae from southern
coast of India. Botanica marina. 40: 507-515.

Patra JK, Patra AP, Mahapatra NK, Thatoi HN, Das S, Sahu, RK, Swain
GC (2009). Antimicrobial activity of organic solvent extracts of three
marine macroalgae from Chilika Lake, Orissa, India. Malay. J.
Microbiol. 5(2): 128-131.

Rao PPS (1991). Biological investigation of Indian marine
algae,screening of some green,red and brown seaweeds for their
antibacterial actimicrobial activity.Seaweed Res.Util.14:37-43

Reichelt JL, Borowitzka M A (1984). Antimicrobial activity from marine
algae: Results of a large scale screening programme. Hydrobiol., 22:
337-342.

Salvador N, Gdmez Garreta A, Lavelli L, Ribera M (2007). Antimicrobial
activity of Iberian macroalgae. Scientia Marin. 71(1): 101-113.

Suay |, Arenal F, Asensio FJ, Basilio A, Cabello MA, Diez MT, Garcia
JB, Gonzalez del Val A, Gorrochategui J, Hernandez P, Pelaez F,
Vicente MF (2000). Screening of basidiomycetes for antimicrobial
activities. Antonie van Leeuwenhoek. 78: 129-139.

Tuney |, Cadirci BH, Unal D, Sukatar A (2006). Antimicrobial Activities
of the Extracts of Marine Algae from the Coast of Urla (Izmir, Turkey).
Turk. J. Biol. 30: 171-175.

Zovko A, Vaukner Gabric M, Specic K, Pohleven F, Jaklic D, Gunde-
Cimerman N, Lu Z, Edrada-Ebel R, Houssen WE, Mancini |, Defant
A, Jaspars M, Turk T (2012). Antifungal and antibacterial activity of
three-alkyl-pyridinium polymeric analogs of marine toxins. Int.
Biodeterior. Biodegradation, 68: 71-77.



