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INTRODUCTION 

The synthesis of secondary metabolites by 
marine algae is influenced by changes in environ-
mental parameters, such as light, temperature, nu-
trients, and salinity, as well as biotic interactions. 
These new molecules, which may be biologically 
active, represent a promising source for scien-
tific research. (Xu et al., 2018). Numerous stud-
ies have revealed that these molecules fluctuate 
mainly according to seasonal cycles (Heavisides 
et al., 2018; Kumar et al., 2021; Padmakumar & 
Ayyakkannu, 1997; Stengel et al., 2011). In re-
cent years, several studies have been conducted 
to investigate the antimicrobial activity of marine 
algae from the Moroccan coast. However, only a 
few species have been examined in depth (Aamiri 
et al., 2023; Bahammou et al., 2021; Boujaber et 
al., 2016; Chibi et al., 2019; Ibtissam et al., 2009).

The aim of this study was to improve the 
harvesting period to study the antimicrobial ac-
tivity along the Atlantic coast of Morocco. The 
seasonal variation in temperature and salinity was 

monitored in 14 species belonging to the three 
classes of algae: Chlorophyceae, Phaeophyceae, 
and Rhodophyceae.

MATERIALS AND METHODS

Sampling and preparation of extracts

Seaweed harvesting in the Oualidia lagoon 
occurs during four seasons (spring, summer, au-
tumn, and winter). After harvesting, distilled wa-
ter was used to rinse the algae several times to 
remove any foreign bodies that might interfere 
with the examination of biological activity. The 
algae were then sorted and identified. Following 
the extraction methodology of Caccamese (Cac-
camese & Azzolina, 1979), the algal powder pro-
duced was extracted for each species at a rate of 
5 g of algal powder/ml of solvent in a mixture of 
organic solvents (methanol/ethanol, 50:50). Af-
ter filtering through Whatman paper, the extracts 
were evaporated in a rotary evaporator. The dried 
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extracts were stored at 4°C until use in biological 
experiments. For this study, the algal species be-
longing to three classes of macroalgae were used, 
including: Chlorophyceae (Codium elongatum 
(Turner) C.Agardh, Codium tomentosum Stack-
house, Enteromorpha linza (Linnaeus) J. Agardh, 
and Ulva lactuca C. Agardh,, Pheophyceae (Bi-
furcaria bifurcata Ross, Cystoseira humilis Kut-
zing, Cystoseira tamariscifolia (Hudson) Papen-
fuss, Fucus spiralis Linnaeus, Fucus vesiculosus 
Linnaeus, Saccorhiza polyschides (Lightfoot) 
Batters) and Rhodophyceae (Asparagopsis arma-
ta Harvey, Corallina officinalis Ellis and Solan-
der, Gelidium sesquipedale, (Turner), Gigartina 
acicularis (Roth) Lamouroux). 

Search for biological activities 

Antimicrobial activity

The Gram-positive bacterial species tested 
included: Bacillus cereus CIP 783, Staphylococ-
cus aureus ssp. ATCC 6538, and Escherichia 
coli ATCC 10536 as Gram-negative bacteria and 
Cryptococcus coliforme as fungi.

Measuring​​​​​​​ antimicrobial activity

Cellulose disks were used to measure the an-
tibacterial activity of the organic extracts (Bauer 
et al., 1966). A Petri dish that had already been 
inoculated with the test strain was directly topped 
with cellulose paper disks that had been coated 
with quantities of 100 µg to 500 µg of the extract 
to be examined. This was done after the solvent 
had evaporated. The diameter (in mm) of the zone 
of inhibition that developed around the pellets af-
ter 16 h of incubation at 37°C was used to calcu-
late the antibacterial activity. Similarly, following 
incubation for 24 h at 27°C, antifungal activity 
was evaluated. In studies of antibacterial activity, 
disks impregnated with common antibiotics such 
as tetracycline, streptomycin, or chloramphenicol 
(at 50 or 100 µg/ml) were used as controls.

Seasonal variation in algal extract, 
temperature, and salinity 

To study the relationship between antibacte-
rial activity, harvesting season (spring, summer, 
autumn, and winter), and certain physicochemi-
cal parameters such as temperature and salin-
ity, the antibacterial activity toward B. cereus, 
S.aureus, E. coli and antifungal activity toward 

C. coliforme were evaluated throughout the year 
for the species that showed inhibitory activity us-
ing the method of Bauer et al., 1966.

RESULTS AND DISCUSSION

The algae were evaluated for their antimicrobi-
al activity against S. aureus, B. cereus, E. coli, and 
C. neoformens. The results are shown in Figures 
(1, 2, 3). These data show that some species ex-
hibit positive activity against at least one bacterial 
strain throughout the year. The results of the analy-
sis of the seasonal variation in antibacterial activ-
ity within the chlorophyceae class (Figure 1) reveal 
a particularly marked interest during the summer. 
Sixty-seven percent of the extracts showed antimi-
crobial activity, compared with only 33% in spring. 
However, this activity was significantly reduced 
during winter and autumn. (Elshouny et al., 2017) 
found that antibacterial activity was observed to be 
high in both winter and spring. A study of the bio-
logical properties of U. rigida fractions collected in 
spring (April) revealed strong antimicrobial activi-
ties (Trigui et al., 2013).

The optimal harvesting period for the brown 
algae (Figure 2) that were evaluated was spring 
and autumn, with antimicrobial activity of 70% 
and 54%, respectively. However, antimicrobial 
activity is less pronounced during summer and 
winter. In particular, the extracts of C. humilis al-
gae harvested in summer exhibited the highest in-
hibitory diameter against S. aureus and B. cereus. 
Other studies have reported that the brown sea-
weed extracts harvested in winter are more bio-
logically active than those harvested in other sea-
sons (Karkhaneh yousefi et al., 2020). Cagalj et 
al., (2022) showed the best antibacterial activity 
for Cystoseira in summer, when sea temperatures 
were highest, but rockweed showed significant 
activity in autumn. The summer Padina pavon-
ica brown seaweed extracts showed the broadest 
spectrum of activity against the panel of patho-
genic bacteria tested (Grozdanić et al., 2019).

During spring, the extracts from the Rhodo-
phyceae class (Figure 3) showed marked activity, 
with 87% of the samples tested revealing efficacy 
against microbial strains. However, this antimi-
crobial activity decreases significantly during 
summer, which is consistent with the following 
results: (García-Bueno et al., 2015). Researchers 
have discovered that harvesting red algae is an in-
teresting activity (Elshouny et al., 2017).
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Stirk et al. (2007) observed that seaweed ex-
tracts generally have no activity in summer and 
antibacterial activity in late winter and early 
spring. Other studies have reported that maximum 
antimicrobial activity values are recorded during 
spring and minimum values during winter for 

three species harvested from the Atlantic coast of 
Morocco (E. compressa et C. dasyphylla, and P. 
complanata) (Elkouri et al., 2004). Etahiri et al., 
(2003) found that the antibacterial activity of sea-
weed extracts harvested from the Atlantic coast 
of Morocco varied according to the harvesting 

Figure 1. Variation in Chlorophyceae antibacterial activity in relation 
to microbial germs as a function of harvesting period

Figure 2. Variation in the antibacterial activity of phaeophyceae in relation 
to microbial germs as a function of harvesting period
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period, even within the same species, indicat-
ing an influence of seasonal changes. This study 
identified spring as the optimal harvesting period, 
which is consistent with the obtained results for 
red and brown algae.

Effect of temperature and salinity on 
seasonal variation in bioactivity

Marine algae constitute an enormous reservoir 
of potentially active natural molecules, and several 

studies have pointed to various causes, including 
the role of ecological parameters induced by cli-
matic factors on the biology and physiology of the 
species, particularly on the production of second-
ary metabolites (Hornsey & Hide, 1985; Mouradi 
et al., 2010; Xu et al., 2018). For the algae har-
vested from the Oualidia lagoon, these products 
are ​​​​​​​synthesized mainly during the spring for the 
three classes of algae and during the summer for 
chlorophyceae. Figure 4 shows that the maximum 
antibacterial activity of chlorophyceae against 

Figure 3. Variation in the antibacterial activity of Rhodophyceae in relation 
to microbial germs as a function of harvesting period

Figure 4 . Variation in the seasonal antimicrobial activity of algal extracts as a function of temperature variation
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microbial germs and antifungal agents was record-
ed during the summer season, coinciding with the 
maximum temperature of the environment (19°C). 
In the case of phaeophyceae and rhodophyceae, 
this biological activity peaks in spring. However, 
this activity decreases during autumn and winter 
for chlorophyceae, whereas it diminishes during 
summer for other red and brown algae.

Figure 5 illustrates the variation in the antimi-
crobial activity of algal extracts as a function of 
salinity. The winter period has the lowest salin-
ity, reaching a maximum value of 37.3 g /l during 
the summer. Maximum Chlorophycea activ-
ity is recorded when salinity reaches its peak. 
On the other hand, Phaeophyceae and Rhodo-
phyceae activity reaches a minimum. Howev-
er, it is interesting to note that when activity 
reaches its minimum, Chlorophyceae activity 
also decreases. These results are in line with 
other studies that have reported that the abil-
ity of algae to increase antimicrobial synthesis 
is mainly linked to fluctuations in temperature 
and salinity (Xu et al., 2018).

CONCLUSIONS

The conducted study shows seasonal varia-
tions in antimicrobial activity in the three classes 
of algae due to variations in environmental fac-
tors such as temperature, concentration, and 
salinity. The green algae harvested during the 
summer and spring for red and brown algae are 

the most active. This season must correspond to 
the period when these factors interact with each 
other, providing the best conditions for the devel-
opment and growth of the algae. In conclusion, 
certain species of algae in the Oualidia lagoon are 
good sources of active molecules.
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