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ABSTRACT

Antibiotic resistancein Bacteriais one of the emerging health related prob-
lem in the world nowadays. Plants and among them algae are valuable
natural sources effective against infectious agents. Methanolic extracts of
four marine algae of Algeriacoast wereinvestigated for antibacterial activ-
ity against six pathogenic bacteria (Bacillus subtilis, Listeria innocua,
Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa). Susceptibility assays using disc diffusion and
broth microdilution test for the determination of minimum inhibitory con-
centration (MIC) were employed to asses the antibacteria activity of
methanolic extracts of algae. All algae extracts showed antibacterial activ-
ity against four of the six pathogenic bacteria tested with MIC values
ranged between 0.25-3mg/ml. Extract of Rhodomela confervoides exhibited
the highest activity against Bacillus subtilis (24 mm). Cystoseira
tamariscifolia exhibited the highest activity against Listeria innocua
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(19.67mm)

INTRODUCTION

Marine organisms, as algae, are arich source of
biologically activemetabolites?4. Secondary or primary
metabolites produced by these organisms may be po-
tentia bioactive compoundsof interest inthe pharma-
ceutical industry™®®. The cell extracts, and active con-
stituents of various algae, have been shown to have
antibacteria activity invitro against Gram positiveand
Gram negative bacteriad?

In thisinvestigation antibacterial activity of four
marineagaeof Algeriacoast belongingtofamiliessuch
as Rhodophyceae (Rhodomela confervoides),
Chlorophyceae (Ulva lactuca), Phaeophyceae
(Cystosairatamariscifolia and Padina pavonica) was
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studied against pathogenic bacteria (Bacillus subtilis
ATTCC 6633, Listeria innocua CLIP 74915, Sta-
phylococcus aureus ATCC 6538, Escherichia coli
NAR, Klebsiella pneumonia E47, Pseudomonas
aeruginosa ATCC27853.

Tuney and d .*? and Bansamir and d ™Y haveshown
that cdll extracts and active constituentsof variousa-
geehaveantibacterid activity againgt Gram postiveand
Gram negative bacteria

MATERIALSAND METHODS

Algaematerials

Marine a gae were hand collected from the sub-
merged marinerocks of Bejaiacoatsin northAlgeria
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during March 2009. Seaweedswereidentified by from
botaniclaboratory (University of Béjaia). Epiphytes and
sediment wereremoved by washing first in seawater
andtheninfresh water. Thealgaeweretransported to
thelaboratory in polyethylen bags at ice temperature.

Preparation of methanolic extract of algae

The samplesof algaeweredried at room tempera-
ture, powdered, and sieved. The powder wasdissolved
with methanol (1/10 w:v) and kept at room tempera-
ture, under agitationfor overnight. Thesolutionwascen-
trifuged at 2220g for 10 minutes(sigma). The superna-
tant, which contains polyphenal extract wasrecovered.
Theresiduewasdissolved twiceinmethanol (1/10w:v).
The supernatantswere recovered and filtered through
4 |ayered cheese cloths and concentrated in kika
|abortechnik rotavapor. Thedried samplewasdissolved
in methanol and stored at 4°C until further use®

Tested microor ganisms

Tested microorgani smswereobtained from gpplied
microbiology laboratory (universty of Bgaa). Sx human
pathogenic microorganisms, such as: Bacillussubtilis
(ATCC6633), Ligeriainnocua (CLIP74915), Saphy-
lococcus aureus (ATCC 6538), Escherichia coli
(N.A.R), Klebsidlla pneumonia (E 47), Pseudomonas
aeruginosa (ATCC 27853) wereused inthe present study
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for evdugtionof theantimicrobid adtivity of dgaeextracts.

Thepathogenicbacteriawereculturedindividudly on
sdectivebroth at 37°C for 18h, before inoculation for
assay!™. 100ul of broth culture, which contain 108UFC/
ml wereusad for inoculateMuller-Hinton agar medium(”@

Antibacterial assays

Antibacterial activity waseva uated by agar diffu-
sion method*?. Spotswhich contain 25ul of crude ex-
tract of algaewereapplied on Muller-Hinton agar me-
dium, sowed with bacteria (108UFC)t.,

Inhibition zones, around spots, wereeva uated af -
ter incubation during 24h at 37°Cl®. Theminimumin-
hibitory concentration (MIC) wasreported asthelow-
est concentration of thea gae extract required for com-
pleteinhibition of growth of the bacteriabeing tested
after incubation at 37°C for 18h or 24h. All the essays
werecarried out intriplicate. M ethanol (50%) without
agal extract wasused asanegative control andinthis
case, no antibacterial activity was observed.

RESULTS

Antibacterial activity

Thevauesof Diametersof microbid inhibition zones
(mm) recorded with thedifferent extractsare reported

TABLE 1 : Antibacterial activity of methanolic extracts of Algerian algae against pathogenic bacteria strains

Marine Dilution Microbial inhibition zone diameter (mm)
algae (mg/25ul) B, subtilis L. innocua S. aureus E. coli K.pneumoniae  p.aeruginosa
1,25 00,00+:00,00* 19,67+00,57  18,33+00,57% 18,00+00,00™ 15,67+00,579 18,00+00,00'™
Cystossira 0,625  00,00£00,00° 17,66+00,57" 15,67+00,57% 17,00+00,00% 17,00£00,00™  17,66+00,57"
tamariscifolia 0312 00,00£00,00° 16,67+00,57 15,33+00,57% 16,00+00,00" 17,00+00,00"  16,33+00,57"
0,156  00,00£00,00° 17,00+00,00 14,67+00,57° 18,00+00,00™ 19,33+00,57¢ 15,67+00,57%"
1,25 19,33+00,57  13,00£00,00° 13,33+00,57° 12,33+00,57° 00,00+00,00°  12,33+00,57"
Padina 0,625  09,33+00,57° 00,00+00,00° 16,33+00,579 16,33+00,57"  00,00+00,00° 15,33+00,57{"
pavonica 0,312  00,00£00,00 00,00+00,00° 16,66+00,57"" 14,00+00,00"  00,00+00,00®  16,33+00,57"
0,156  00,00£00,00° 00,00+00,00° 12,66+00,57° 16,00+00,00"  00,00+00,00°  13,33+00,57°
1,25  22,67+00,57¢ 20,33+00,57 16,33+00,57° 18,33+00,57™ 17,33+00,57"  16,33+00,57"
Rhodomela 0,625  22,33+00,57 18,00+00,00" 15,66+00,57% 17,33+00,57¢ 16,33+00,57"  14,67+00,57%
confervoides 0,312  24,00:00,00 18,00+00,00" 11,33+00,57° 16,00£00,00" 16,33+00,57%"  16,33+00,57"
0,156  23,33+00,57* 19,33+00,57"% 15,67+00,57% 18,67+00,57° 12,33+00,57° 15,67+00,57%"
1,25 00,00+00,00°  16,33+00,57" 16,00+00,0049  14,33+00,57°  00,00+00,00%  15,00+:00,00%
Ulva lactuca 0,625  00,00£00,00° 16,33+00,57° 13,00£00,00° 00,00+00,00*  00,00+00,00°  00,00+00,007
0,312  00,00£00,00° 13,00+00,00° 13,00+00,00° 00,00+00,00*  00,00+00,00°  00,00+00,007
0,156  00,00£00,00° 13,00+00,00° 00,00+00,00° 00,00+00,00*  00,00+00,00°  00,00+00,007
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onTABLE1

Crudeextractsof thefour speciesof adgaeshowed
antibacterial activity (Figure 1). No activity wasob-
served from four methanolic extracts : Cystoseira
tamariscifolia against Bacillus subtilis, Padina
pavonica against Klebsiella pneumoniae, Ulva
lactuca against Bacillus subtilis and Klebsiella
pneumoniae. Themagjority of algal extractswere ac-

All theextracts showed activity against Saphylo-
coccus aureus, Escherichia coli, Pseudomonas
aeruginosa and Listeriainnocua.

Theextract of Rhodomela confervoides exhibited
the highest activity against Bacillus subtilis (24 mm).
Cystosairatamariscifolia exhibited the highest activ-
ity against Listeriainnocua (19.67mm). dl theextracts
exhibited alowest activity than the polyphenol stan-

tiveagainst four or fivemicroorganisms.

dardsTABLE 2
TABLE 2: Antibacterial activity of some polyphenol sandards

Standard Dilution Microbial inhibition zone diameter (mm)
polyphénol (mg/25pl)  B.subtilis  L.innocua  S.aureus E. coli K.pneumoniae p.aeruginosa
1,25  25,00+00,00™ 24,33+00,57" 37,33+00,57" 24,00+:00,009 23,33+00,57'  23,33+00,57"
Cefeic acid 0,625  22,33+00,57" 24,67+00,57" 25,67+00,57° 26,33+00,57" 22,67+00,57  24,33+00,57°
0,312  23,33+00,57% 18,33+00,57" 19,33+00,57' 17,33+00,57' 19,00+00,00¢ 18,33+00,57™
0,156  17,67+00,57% 19,00+00,00" 19,33+00,57' 16,66+00,57"¢ 17,33+00,57" 18,00£00,00"™
1,25 20,67+00,57° 28,33+00,57° 27,33+00,57% 20,00£00,00° 19,33+00,57% 18,67+00,57™
Gallic adid 0,625  19,33+00,57° 22,67+00,57™ 24,33+00,57° 18,33+00,57™ 19,33£00,57 21,33+00,57°
0,312  18,33+00,57° 20,33+00,57' 15,33+00,57% 18,33+00,57™ 16,67+00,57" 19,33+00,57%
0,156  15,33+00,57° 19,00+00,00' 17,33+00,57" 16,33+00,57" 17,33+00,57" 16,00+00,00"
1,25 25,33+00,57" 20,33+00,57° 27,33+00,579 24,00£00,00° 14,33+00,57° 26,33+00,57'
T tannic acid 0,625  24,66+00,57™ 1533+00,57° 24,33+£00,57° 17,67+00,57™ 15,33+00,57° 27,33+00,57"
0,312  21,67+00,57" 18,33+00,57" 15,33+00,57% 18,00+00,00™ 17,67+00,57  21,33+00,57
0,156  19,67+00,57" 15,00+00,00% 17,33+00,57™ 17,00:00,00% 14,33+00,57° 17,67+00,57™
1,25 20,33+00,57¢ 18,33+00,57" 20,33+00,57™ 17,00+00,00% 17,33+00,57" 17,33+00,57"
Catechin 0,625  19,33+00,57" 19,33+00,57% 18,33+00,57% 09,33+00,57% 16,67+00,57" 15,33+00,57'"
0,312 18,33+0,57°  20,00+00,00¢ 18,00:00,00" 06,33+00,57° 19,33+00,57% 16,67+00,57
0,156  18,33+00,57° 19,00+00,00" 19,00:00,00 04,00£00,00° 18,67+00,57% 14,33+00,57°
1,25 17,33+00,57%  14,33+00,57% 17,33+00,57" 17,33+00,57¢ 12,00+00,00¢ 18,33+00,57™
Quercetin 0,625  20,33+00,579 20,00+00,00% 22,33+£00,57" 15,33+00,57¢ 17,33+00,57" 20,00+00,00°
0,312  25,00+00,00™ 16,33+00,57" 19,33+00,57' 18,00+00,00™ 11,00+£00,00° 23,33+00,57"
0,156  24,33+00,57™ 18,33+00,57" 19,00:00,00 16,00:00,00" 14,00+00,00° 23,33+00,57"
NT: Not tested

* Methanol used as a negative control has shown no bacterial activity.

Deter mination of minimum inhibitory concentra-
tion (MIC)

TABLE 3 showstheMIC results of four algd ex-
tractsagainst Six bacteriastrains

Thehighest MIC (I <3mg/ml) isobservedfor E.cali,
L.innocua and K.pneumoniae with Cystoseira
tamariscifolia and Rhodomel a confervoides extracts.
Thelowest MIC (>0.25mg/ml) isobtained for Saureus
with Rhodomel a confervoides extract.

Among the standardstested, gallic acid and tannic

Natural Products

acid showed the lowest MIC against L.innocua,
Saureus and P.aeruginosa for the first one (0.1mg/
ml), and against B.subtilisand P.aeruginosafor tannic
acid (TABLE 3)

DISCUSSION

Themain objective of thisstudy wasto evaluate
the ability of algal extracts of Bgaiacoast, to inhibit
the growth of pathogenic bacteria, withtheaimto use
theminthefuture asaternativeto common antibiotics
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TABLE 3: Determination of minimum inhibitory concentr ation of extract

. MIC (mg/ml)
Marine algae — ; - - -
B.subtilis  L.innocua  S.Aureus E.Cdli K.pneumoniae p.aeruginosa
Cystoseira tamariscifolia NT >3 12 >3 >3 1,2
Padina pavonica >3 >3 1,2 >3 NT 1,2
Rhodomela confervoides 0,5 >3 0,25 >3 >3 1,2
Ulva lactuca NT/NT >3 12 >3 NT 12

Figurel: Photosof someinhibition zonesobtained with methanolic extracts: Rhodomedela confervoidesvsP. aeruginosa
(a,d), B. subtilis(b), S.aureus(c) UlvalactucavsE. coli (h), K. pneumoniae (f) CystoseiratamariscifoliavsP. aeruginosa(g);
Padina pavonica vsE. coli (e).

in human therapeutic.

Most active speci eswere Rhodome a confer voides
and Cystoseira tamariscifolia respectively against
B.subtilis(inhibition zone22 at 23mm) and L.innocua
(20mm) for Rhodomela, and against L.innocua
(19.67mm) and Saureus(18.33mm) for Cystosaira.

No activity was observed against B.subtiliswith
Cystoseiratamariscifolia and Ulva lactuca extracts.
Thesameresult wasobtained with theextractsof Padina
pavonica and Ulva lactuca against K.pneumoniae.

The high activity of seaweeds belonging to the
Rhodophyceae agreeswith theresultsof previous stud-
iesusing other test microorganismsg”®. Theresult of the
present sudy reved ed that Gram positiveorganismswere
generdly moresusceptibleto thecrudeextractsof dgee,
which agreeswith theresultsof othersstudies™”

Themore susceptibility of the Gram positive bac-
teriatodgd extract isduetothedifferencesintheir cell

wall structureand their composition’®. In Gram nega-
tivebacteria, the presence of athick murinelayer inthe
cdl wall preventsentry of theinhibitors.

Theresultsobtained in thisstudy suggest that algal
extracts of Bgaiacoast have agood antibacterial ac-
tivity against pathogeni c bacteriawhich makesthemin-
teresting for programsscreening natura products. This
ability isnot restricted to oneorder or division within
themacrodgae: dl of them offer opportunitiesfor pro-
ducing new typesof bioactive compounds.
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