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Abstract

In this present study, extracts of two marine red algae (4sparagopsis taxiformis, Hypnea muscifor-
mis), harvested from Algerian West Coast (Oran), were investigated for their antimicrobial activity against
Human pathogenic bacteria including antibiotic-resistant organisms and three fungi. Their antimicrobial
activities from crude methanolic extracts were evaluated by using the paper disc agar diffusion method at
different concentrations (0.5 to 2 mg/ml). Methanolic extract of 4. taxiformis showed highest antibacte-
rial activity compared to that of H. musciformis. This activity was dependent of the used concentration of
methanolic extracts. Methanolic extract of 4. taxiformis elicited remarkable antimicrobial activity against
all Human pathogenic bacteria except Salmonella sp., Serratia sp. and P. aeruginosa. However, this extract
showed moderate antifungal activity against Candida albicans and Penicellium sp. On the other hand,
results obtained show that methanolic extract of H. musciformis exhibit a low activity-which was effective
only at 0.2 and 1.5 mg/ml. However, for its antifungal activity, a potent activity against C. albicans, Asper-
gillus sp. and Penicellium sp. was recorded. The present finding confirms that marine algae can be further
studied and used as a possible source of antimicrobial compounds in the medical field.
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1. Introduction

Every year, infectious diseases cause a
high rate of the worldwide death toll (1). Rapid
appearances of drug-resistant pathogens and es-
calating emergence of new infections diseases
have been widely reported (2). For these threats
and challenges to be countered, many researchers
have focused on investigating natural and safe an-
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timicrobial agents for both the food and medical
industries (3).

Besides plant extracts, marine algae are
considered as source of bioactive compounds to
produce great variety of secondary metabolites
characterized by a broad spectrum of biological
activities. They comprise one of the commercially
important marine renewable resources (4). Indeed,
they compose a natural source of a variety of drugs
for pharmaceutical, food and cosmetic applica-
tions including carotenoids, terpenoids, steroids,
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amino acids, phlorotannins, phenolic compounds,
halogenated ketones, alkanes and cyclic polysul-
phides (5, 6). Also, they contain different vita-
mins, minerals, trace elements, proteins, iodine,
bromine and bioactive substances (7). Recently,
researchers have reported that seaweed extracts
compounds show a variety of biological activities
including: antibacterial (8, 9), antifungal (10),anti-
viral (11, 12), antitumorals (13), antioxidant(14),
anti-inflammatory (15) and anticancer (16).
Concerning antibacterial activity, several workers
have reported that the seaweed extracts exhibit in-
hibitory activity against pathogenic bacteria. How-
ever, data on biological activities of seaweed from
the Algerian coast are very scarce.

The aim of this study was to assess the
antibacterial and antifungal activity of methanolic
crude extracts of two marine red algae (Aspara-
gopsis taxiformis, Hypnea muscuformis) from the
western coast of Algeria. This activity targeted
Human pathogenic bacteria including antibiotic-
resistant forms and three fungi.

2. Materail and Methods
2.1. Algal collection and preparation

The marine red algae, object of this study,
were collected from Algerian West Coast (Oran)
during March 2016. The algal species were identi-
fied by experts in these fields, using standard liter-
ature and taxonomic keys. The collected algal sam-
ples were cleaned well with seawater to remove
impurities matter such as epiphytes, sand particles,
The seaweeds were transported to the laboratory
in sterile polythene bags and were washed with
distilled water several times, spread on plates at
room temperature and in the dark for three weeks
(17). Dried samples were cut into small pieces and
ground with a blender into powder to be analyzed
to be analyzed before extraction.

2.2. Preparation of the extract

Seaweed samples were pulverized and
100 grams of dried material were added to 100 ml
of methanol and left for 24 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. We dried the fil-
tered solvent under reduced pressure at 40 °C, and
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used the resultant deposits as crude extracts. The
resulting extracts were then dissolved in dimethly-
sulfoxide (DMSO) and kept at +4 °C until further
use.

2.3. Preliminary Phytochmical Tests

This analysis determined the presence or
absence of different compounds: alkaloids, sapo-
nins, flavonoids, tannins, steroids and terpenoids
for both estracts using standard qualitative meth-
ods.

2.3.1. Flavonoids test

Appearance of orange colour confirms the
presence of flavonoids after addition of sulfuric
acid on the extracts (18).

2.3.2. Terpenoids test

Addition 2 ml chloroform and 3 ml sulfu-
ric acid to extracts, apperance of a reddish brown
colour confirms the presence of terpenoids (19).

2.3.3. Saponins test

The presence of saponins were confirmed
by appearance of bubbles after shaking of the ex-
tracts with distilled water (18).

2.3.4. Alkaloids test

Formation of yellow cream precipitate af-
ter adding Mayers reagent to the extracts and indi-
cates the presence of alkaloids (19).

2.4. Culture and Maintenance of microorganisms

The seaweed extracts were tested against a
panel of clinical isolates via:

Staphylococcus aureus (Sa63), Bacillus
subtilus (Bs64), Clostridium sp. (Cl17), Strepto-
coccus sp. (St16), Vibrio proteolyticus (Vpl5),
Pseudomonas fluorescence (Pf14), Pseudomonas
aerugenosa (Pa62), Klebseilla pneumonia (Kp13),
Escherichia coli (Ec61), Salmonella sp (Sal0),
Klebseilla sp (K112), Serratia sp. (Sell), Aspergil-
lus sp, Penicillium sp. Candida albicans.

Clinical isolates were procured from Hos-
pital of Mascara-Algeria. They were maintained
on nutrient agar medium and fungal culture on po-
tato dextrose agar (PDA) medium. Each bacterial
and fungal culture was further maintained by sub-
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culturing regularly on the same medium and stored
at4 °C.

2.5. Antibiotic susceptibility testing

The antimicrobial susceptibility of the
collected bacteria was assessed using the modi-
fied Kirby-Bauer disk diffusion method according
to the Clinical and Laboratory Standards Institute
(20).The following concentrations of antibiotics
were tested: Tétracycline TE (30 pg), Céfazoline
CZ (30 pg), Pénicilline P (10 pg), Oxacilline OX
(5 ng), Spiramycine SP (10 pg ) Amoxicillin AM
(5 ng), Aztréonam ATM (30 pg ), Colistine C (10
ng), Gentamicine GEN(15 pg). The antibiotic
disks were then applied to the prepared plates and
incubated at 37 °C for 18 h then, the diameter of the
growth inhibition zones was measured (CASFM,
2015). The multiple-antibiotic resistances (MAR)
index was calculated for each isolate by dividing
the number of antibiotics to which the isolate is
resistant by the total number of antibiotics tested

@1).

2.6. Antibacterial assay

To evaluate the antimicrobial activity of
the seaweed extracts, the following microorgan-
isms were tested: Gram positive stains: Staphy-
lococcus aureus (Sa63), Bacillus subtilus (Bs64),
Clostridium sp. (Cl17), Streptococcus sp. (Stl16)
and Gram negative stains: Vibrio proteolyticus
(Vpl5), Pseudomonas fluorescence (Pf14), Pseu-
domonas aerugenosa (Pa62), Klebseilla pneumo-
nia (Kp13), Escherichia coli (Ec61), Salmonella
sp. (Sal0), Klebseilla sp. (K[12), Serratia sp.
(Sell), also, fungal stains: Aspergillus sp, Penicil-
lium sp. and Candida albicans.

The sensibility tests were performed ac-
cording to National Committee for Clinical Labo-
ratory Standards ,1993. Antimicrobial activity was
evaluated using the agar diffusion technique in
Petri dishes (22, 23). Briefly, all bacterial isolates
were suspended in saline to a turbidity equivalent
to 0.5 McFarland (1.5 x 108 CFU/ml) and 0.1 ml
standardized inoculum suspension was swabbed
uniformly on MHA plates. Sterile filter paper
discs, 6 mm in diameters (Whatman No. 1), were
loaded with 20 pl of the different extracts and air
dried. The crude extracts were dissolved in 10%
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diméthylsulfoxyde (DMSO). Discs impregnated
with methanol and with DMSO were used as neg-
ative 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 diameter of complete
inhibition zones was measured and means and
standard deviations of triplicate were calculated.
The extracts were tested at different concentra-
tions (2 mg/ml, 1.5, I mg/ml and 0.5 mg/ml).

Zones of inhibition were determined after
24-48 h at 37 °C for bacteria and 25 °C for fungi.
The tests were carried out in triplicates. The data
were represented as the mean+tstandard deviation
(SD).

2.7. 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.

Statistical ~analysis The data were
statistically analysed by applying an one-way
ANOVA carried out with the Statistical Program
for Social Sciences 16.0 (SPSS, USA, ver. 16.0).
Pearson’s correlation analysis was done to cor-
relate the phytochemicals content and antioxidant
potential in the samples

3. Results and Discussion

Macroalgae have been extensively in-
vestigated for the past 30 years. A Recent report
suggests that their extracts possess bioactive com-
pounds of great medicinal value.

The present study is aimed to provide data
on in vitro antioxidant and antibacterial activity of
three red algae (4. taxiformis, H. musciformis)
harvested from Algerian west coast (Oran).

3.1. Extraction and fractionation

The yield of the extraction procedure, ex-
pressed as the weight percentage of collected dry
matter relative to the initial algae powder is as
follows: extraction yield is different between two
spices of algae. In our result, we find that of the
alga Hypnae musciformis (9.8%) give the Higher
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Table 1. Preliminary phytochemical screening of crude extracts of red algae.

A.taxiformis

H. musciformis

(+): Positive test (-): Negative test ND: not determined.

®00c0000c0000000000000000000 ©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

extraction followed by the crude extract of the alga
A. taxiformis (4.5%). The yield of the methanolic
extract of the H. musciformis alga in the present
study was higher compared to subsequent studies
by Kajal et al. (24) who obtained 4.8%. in com-
paraison with the result of Mellouk et al. (25) for
A. taxiformis, yield extraction was lower than his
funding who worked on the same specie collected
on the coast of Oran in northwest Algeria at Bous-
fer beach (Coralés)

The yield is only relative and depends on
the method and the conditions under which the
extraction was carried out. The extraction method
also affects the total content of phenolic and flavo-
noid compounds and antioxidant activity (26).

3.2. Phytochemical screening

The result of qualitative phytochemi-
cal screening of the crude extract of two algae
(H. musciformis and A. taxiformis) was carried out
in order to assess the presence of bioactive sub-
stances which might have antibacterial potency.
The qualitative analysis of our extracts (Table 1)
shows that algae extracts contain six major groups

Table 2. Effect of antibiotics on pathogenic bacteria.

Pathogenic bacteria

E. coli (LRSE 61)
Serratia sp. (CHU 11)
Salmonella sp. (CHU 10)
Klebsiella sp. (CHU 12)
K. pneumoniae (CHU 13)
P. aeruginosa (LRSE 62)
P. fluorescens (CHU14)
V. proteolyticus (CHU 15),
Clostridium sp. ( CHU 17)
S. aureus (LRSE 63)

B. subtilis (LRSE 64)
Streptococcus sp. (CHU 16) NT NT

of chemical compounds these are polyphenols, fla-
vonoids, tannins as well as terpenoids and anthra-
quinone. We note the absence of anthraquinone in
the second alga and coumarin in both species of
algae may be because of using only methanol as
an eluent, some bioactive compounds were not ex-
tracted (27). For 4. taxiformis, the data are scarce.

Preliminary phytochemical analysis re-
vealed a slight variation between the tested species.
Our results are partially in agreement with those
obtained by Alghazeer et al. (28) who worked
on metabolic extract of H. musciformis collected
from the western coast of Libya, the found in their
result that the extract of these spcies have not fla-
vonoids, terpenes, anthraquinones and coumarins.
Also, as the finding of Mellouk et al. (25) who re-
vealed that the presence of bioactive molecules in
extracts from A. taxiformis may be are the source of
antioxidant agents.

3.3. Sensitivity study for different antibiotics

As shown in the table 2, the majority of
antibiotics are ineffective. The proportions of re-
sistance varied significantly between different

P : penicillin ; OX : oxacillin ; AX : amoxicillin ; C : colistin ; GEN : Gentamycin ; TE tetracyclin ;ATM Aztreonam ;Sp :spi-

ramicyn ;Cz :cefazidin, NT : not tested, R: resistant; S: sensitive

©0000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000
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bacteria. The resistance towards penicillin, oxa-
cillin and cefazolin was observed for all clinical
isolates. S. aureus (Sa63) was the major resistant
bacteria towards almost of antibiotics followed re-
spectively by Pseudomonas aerugenosa (Ps62),
Pseudomonas fluorescens (Pf14), E.coli (Ec61),
Klebsiella pneumonia (Kpl3), Salmonella sp
(Sal0) and B. subtilis ( Ba64).

3.4. Antibacterial Activity of Algal Extracts

In the current work, methanol was chosen
for extraction method. This is justified by the fact
that, in most cases, 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
(29, 30) .Our results are partially in agreement
with those obtained by Kladi (31) who demon-
strated that red algae have a potential source of
antibacterial compounds towards both Gram nega-
tive or Gram-positive pathogenic bacteria

As shown in figure 1, results showed that
methanolic extract of 4. taxiformis exhibited re-
markable antibacterial activity against all Hu-
man pathogenic bacteria screened in this study
except Salmonella sp (Sal0), Serratia sp (Sell)
and Paeruginosa (Ps62). Likewise, we noticed,
this extract successfully prevented the growth of
gram positive bacteria more significantly than the
gram negative strains. Among the test microorgan-
isms S. aureus was found most sensitive against
methanolic extract of 4. taxiformis with inhibition

The activityof red algae

diameter of 22 mm=0.2. Equally, S. aureus (Sa63),
B. substilis (Ba64), Streptococcus sp (St16), E.coli
(Ec6l), Klebsiella sp (Kl12), K. pneumoniae
(Kp13), P. fluorescens (Pfl14) and V. proteolyti-
cus (Vpl5) were inhibited by methanolic extract
of A. taxiformis at different extract concentrations
with inhibition diameters ranging from 10+0.2 to
21+0.5 mm (figure 1). However, Clostridium sp.
was inhibited until 1 mg/ml.

These results were comparable to those
obtained by Manilal et al. (26) who reported that
methanol extract of A. taxiformis exhibited highest
activity against multidrug resistant clinical human
pathogens viz, Bacillus subtilis, Staphylococcus
aureus, Staphylococcus epidermidis, Micrococcus
luteus, non-haemolytic Streptococcus, Enterococ-
cus faecalis, Escherichia coli, Proteus mirabilis,
Pseudomonas aeruginosa and Klebsiella pneu-
moniae. According to published data, ethanol ex-
tracts of A. taxiformis has inhibitory influences on
Vibrio alginolyticus, Vibrio vulnificus and Aeromo-
nas salmonicida sub sp. and Salmonicida (32).

As observed from figure 2, the metha-
nolic extract of A4. taxiformis showed moderate
antifungal activity against Candida albicans and
Penicellium sp. This activity was observed only
from 2 and 1.5 mg/ml. Nonetheless, no activity
was recorded against Aspergillus sp. These results
are partially in agreement with those obtained by
Genovese ef al. (33) who reported that ethanol ex-
tract of 4. taxiformis, collected from, Sicilian coast
of the Straits of Messina (Italy) showed bacteri-
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Figure 1. Antibacterial activity of extracts of 4. taxiformis.
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Figure 2. Antifungal activity of extracts of Asparagopsis taxiformis.

cidal activity against yeast (Candida albicans, C.
parapsilisis) and moulds (Aspergillus fumigates
and Aspergillus terreus).

Earlier studies have demonstrated the ge-
nus Asparagopsis as the richest bio-resource of
potential secondary metabolites, especially halo-
genated metabolites and aromatic volatile organic
compounds with strong antimicrobial activity (34).
Also, Kazlowska (35) acknowledged microbicidal
property of A. taxiformis was due to volatile me-
tabolites such as halomethanes, haloacetone and
acrylates.

Compared with methanolic extract of A.
taxiformis, results obtained showd that methano-
lic extract of H. musciformis exhibit a low activity
which was effective only at 0.2 and 1.5 mg/ml. Ba-
cillus subtilus (BA64), Klebseilla sp. (KL12) and
Clostridium sp. (CL17) were the most susceptible
microorganisms whose inhibition zones were re-
spectively around 0.8+0.2 mm and 174+0.5 mm at
0.2 mg/ml. Similarly in the present study, Serratia
sp. (Sell)., Salmonella sp. (Sal0), Klebsiella sp.
(K112), Klepsiella pneumonia (Kp13) and Vibrio

proteolyticus (Vp15) were found to be moderately
sensitive to H. musciformis given that they were
inhibited only at 2 mg/ml. No activity was detect-
ed against E. coli, P. aeruginosa and P. fluorescens
(figure 3).

These results are partially in agreement
with Alghazeer et al. (25) who concluded in their
study that methanolic extract of H. musciformis
inhibited simultaneously the growth of gram posi-
tive and gram negative such as E. coli and Pseu-
domonas aeruginosa. Bouhlal et al. (36) and Kan-
dhasamy ef al. (37) reported that methanolic of H.
musciformis exhibited strong antibacterial activity
against the gram positive and gram negative bac-
teria (38). Also, it found that H. musciformis ex-
hibited potent activity not only against Gram posi-
tive bacteria (Staphylococcus aureus, Micrococcus
luteu and Bacillus subtilis) but also against Gram
negative (Pseudomonas aeruginosa, Aeromonas
hydrophila, Serratia marcescens, Vibrio fischeri
and Vibrio alginolyticus).

Contrastingly, this study reveals that meth-
anolic extract of H. musciformis showed a potent
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Figure 3. Antibacterial activity of extract of Hypnae musciformis.
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Figure 4. Antibacterial activity of extract of Hypnae musciformis.

activity against C. albicans, Aspergillus sp. and
Penicellium sp. These results are not in agreement
with those obtained Salvador ef al. (39) and Taskin
et al. (40) who described antimicrobial activity of
H. musciformis against a panel of microorganisms
and they found that methanolic extract of H. mus-
ciformis showed no activity on Candida albicans.

Padmakumar et al. (41) highlighted an-
timicrobial potential represented by species of
Rhodophyceae algae (Hypnea musciformis,
Falkenbergia rufolanosa and Laurencia obtusa),
harvested from French Mediterranean Coast. They
noted that of several microorganisms were clearly
inhibited by £ rufolanosa and L. obtusa, whereas
H. musciformis showed a very weak activity to-
wards bacteria and fungi including Candida albi-
cans.

In another study carried by Namvar et al.
(42), ethanol extract of H. musciformis exhibited
activity against Aspergillus sp. and other derma-
tophytes, but not against 4. niger and C. albicans.
These disparities between our findings with those
of previous studies for the same algae may be due
to a number of factors such as: organic solvents
used, assay methods, seasonal variation as well as
otherintrinsic factors such as geographic, climatic
and genetic factors.

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. Furthermore, no inhibition of

Trends in Pharmaceutical Sciences 2021: 7(4): 233-242.

test microorganism’s growth was observed in the
presence of 10% DMSO in disc diffusion method.

Similarly in the present study, we found
that Gram positive bacteria were the most sensi-
tive to methanol extract of A. taxiformis and H.
musiformis. This higher frequency had already
been observed in most of the surveys on antimi-
crobial activities from seaweeds (43, 44).

At the end, it is imperative to point out
that the differences recorded between our results
and the results obtained in previous studies may be
due to several factors: algal specie, seasonal varia-
tion, and solvent type, efficiency of the extraction
method and the susceptibilities of the target strains.

4. Conclusion

It can be concluded in the present contri-
bution that red algae from Algerian West Coast
possess biologically active compounds which are
effective in inhibiting the growth of both patho-
genic bacteria and fungi. Therefore, screening of
their natural bioactive substances should be thor-
oughly determined to evaluate actual substances
responsible for this antimicrobial property.
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