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Abstract

Seagrasses are essential to marine ecosystems and have been shown to possess pharmaceu-
tical properties. This study evaluated the antioxidant and antimicrobial activities of the sea-
grass species, Halophila stipulacea, Halodule uninervis, and Thalassodendron ciliatum from a Mau-
ritian lagoon. Two essential steps in the extraction process were investigated: drying method
(oven-drying and freeze-drying) and maceration solvent (methanol and acetone), using a
factorial design. The highest total phenolic content (60.1 mg GAE/g) was observed in oven-
dried acetonic 7. ciliatum extracts. Antioxidant activity was assessed through DPPH and ABTS
assays, where all extracts demonstrated significant activities (p < 0.05). Oven drying and ace-
tonic extractions resulted in greater activities (highest DPPH activity of 69.8 % with T. ciliatum).
Significant interactions (p < 0.05) were found between species, drying methods, and solvents.
Escherichia coli and Bacillus cereus were resistant to all extracts, while Staphylococcus aureus showed
limited inhibition. Pseudomonas aeruginosa was more susceptible to freeze-dried extracts (great-
est MIC of >1.25 mg/ml for acetonic T. ciliatum). Candida albicans was most susceptible to freeze
dried acetonic 7. ciliatum extracts (24.7 + 4.06 mm). Consequently, this study encourages further
exploration and use of seagrasses, especially, 7. ciliatum in the pharmaceutical industry.
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Introduction

species, providing nursery habitats for juvenile fish and

Nestled within the Indian Ocean’s southern tropi-
cal belt, Mauritius is an island adorned with a diverse
marine ecosystem, where seagrasses, crucial aquatic
angiosperms, play a pivotal role. Montaggioni and
Faure (1980) reported the presence of seven seagrass
species in Mauritian lagoons, namely, Syringodium isoet-
tfolium, Thalassodendron ciliatum, Halophila ovalis, Halo-
phila stipulacea, Halophila decipiens, Halodule uninervis
and Cymodocea serrulata. Seagrasses are vital marine

supporting 20 % of the world’s major fisheries (Madi
Moussa et al., 2020). They serve as key food sources for
herbivores such as Dugong dugon and Chelonia mydas
(Lin et al., 2021). Additionally, they act as efficient car-
bon sinks, sequestering 27-44 Tg of organic carbon
annually in sediments (Bijak ez al., 2023; Bedulli et al.
2020). Their ecological significance extends to the tour-
ism industry in Mauritius through sediment filtration
in water columns and enhanced coastline protection
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from erosion by resilient rhizomes (Tandrayen-Ragoo-
bur et al., 2022; Amone-Mabuto et al., 2023).

Seagrasses have demonstrated noteworthy pharma-
cological significance (Gono et al., 2022; Lahay and
Amiin, 2023; Punginelli et al., 2023). In fact, the pres-
ence of phenolic compounds in seagrasses has shed
light on their potential as sources of therapeutic agents
(Astudillo-Pascual et al., 2021; Gono et al., 2022). Anti-
oxidants counter oxidative stress from reactive oxy-
gen species (ROS), which can contribute to cardiovas-
cular diseases, inflammation, and cancer (Halliwell,
2024) and seagrasses have been determined to possess
antioxidant potential (Sansone et al., 2021; Divyashri et
al., 2021). However, the antioxidant potential of Mau-
ritian seagrasses has been only been investigated by
Ramabh et al.(2014).

The scourge of infectious diseases has claimed count-
less lives over decades and antimicrobial resistance is
further exposing mankind to risks (Manso et al., 2021).
In pursuit of solutions, researchers have explored
natural reservoirs of antimicrobials, with seagrasses
emerging as a subject of interest (Punginelli ez al., 2023;
Ozbil et al., 2024). For example, Hamisi et al.(2023)
discovered the antimicrobial effect of seven seagrasses
against a causative agent of typhoid fever, Salmonella
typhi. Despite such studies, it remains salient that no
drugs derived from seagrasses have obtained Food
and Drug Administration (FDA) approval (Marine
Pharmacology, 2023). Furthermore, the antimicrobial
potential of seagrasses in Mauritian lagoons remain
largely untapped. In the Western Indian Ocean (WIO)
region itself, studies on the antimicrobial potential of
seagrasses are quite limited. Hence, comprehensive
studies are necessary to firmly establish seagrasses’
antimicrobial potential and secure their recognition
in the realm of antimicrobial drugs.

The evaluation of seagrass bioactivity requires phy-
tochemical extraction, influenced by factors like dry-
ing methods, extraction techniques, and maceration
solvent (Astudillo-Pascual ez al., 2021; Benjamin et al.,
2022). Although freeze-drying and oven-drying of
seagrasses are commonly reported separately, limited
research has investigated the combined effects of dif-
ferent drying methods and solvents, potentially leav-
ing room for inaccuracies in the findings (Bharathi et
al., 2019; Susilo et al., 2023).

Therefore, the primary aim of this paper is to high-
light the pharmacological significance of seagrasses in
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Mauritius. This study delves into assessing the phe-
nolic content, antioxidant and antimicrobial poten-
tial of three distinct seagrasses species found in the
lagoons of Mauritius, namely, Halophila stipulacea,
Halodule uninervis, and Thalassodendron ciliatum. Addi-
tionally, this study seeks to elucidate the influence of
different drying methods (freeze-drying and oven
drying) and various maceration solvents (acetone and
methanol) on these identified properties.

Materials and methods

Study area and material collection and preservation
Pointe-aux-Feuilles, situated on the east coast of Mau-
ritius at geographical coordinates 20° 18’ 21” South, 57°
46’ 24” East, was the collection site for fresh samples
of Halophila stipulacea, Halodule uninervis, and Thalas-
sodendron ciliatum. Snorkeling and diving techniques
were employed to collect samples from a depth of
2-3 meters at the same location (Fig. 1). The species
were identified based on their morphological char-
acteristics, following the descriptions provided in the
available literature for the WIO (Richmond, 2011). The
hand-pulling technique with the aid of a small shovel
was used, involving the gathering of leaves, shoots,
and roots with minimum damage to the surrounding
seagrass root systems. The samples were washed in
seawater to remove sand particles, then placed in ice-
cold conditions for transportation. Upon arrival at the
University of Mauritius Zoology lab, samples under-
went additional washing with tap water, then distilled
water (Yuvaraj et al., 2012).

Phytochemicals extraction

Fresh seagrass (70 g) was oven-dried and freeze-dried
separately and ground in a grinder (PACIFIC PM600)
to a fine powder. Five grams of the dried powder
was soaked in 50 ml of 70 % acetone and 70 % meth-
anol, separately, macerated for 48 hours in a shaker,
followed by pump filtration and rotary evaporation.
Both the dried extracts, obtained from acetone and
methanol maceration, were resuspended in methanol.
The percentage extract yield was then obtained using
the following formula:

Percentage Yield= (W1x100)/W?2
W1: Weight of extract afier removing the solvent; W2-Dry
weight of the sample

Quantitative estimation of Total Phenolic Content
(TPC)

The procedure outlined by Nopi et al. (2018) was
employed, using gallic acid as a standard. A mixture of
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1 ml 20 % Folin Ciocalteau reagent and 200 pl seagrass
extracts or gallic acid was vortexed and rested for 4
minutes. Then, 750 pl of 7 % Sodium Carbonate solu-
tion was added, vortexed, and kept in the dark for two
hours. Absorbance was measured at 750 nm.

Antioxidant activity

DPPH Radical-Scavenging Assay

The procedure based on Kavitha et al.(2022) was fol-
lowed. A 2 ml solution of methyl alcohol with DPPH
(25ug/ml) was prepared. This mixture was combined
with 0.5 ml of extracts or ascorbic acid, stirred, and
incubated at 30 °-35 °C for 30 minutes in darkness.
Absorbance was measured at 517 nm, using ascorbic
acid as a standard. The percentage radical scavenging
activities were then determined:

"_';‘m. Thung Tuk| l
Sri Lanka

\Maldive Islands
L]

Indian Ocean

Figure 1. The location of Mauritius and sample collection site.

Percentage radical scavenging activity = 100 - ((Ac - As) /
Ac) x 100

AC: absorbance of the control solution

AS: absorbance of the seagrass extracts.

ABTS Assay

The ABTS assay, based on Re et al. (1999) with mod-
ifications, was used, with ascorbic acid as a stand-
ard. A 7 mM ABTS stock solution was prepared by
mixing ABTS with potassium persulfate, and stored
in the dark for 12-16 hours. The stock solution was
standardized to an absorbance of 0.700 at 734 nm.
For the assay, 20 pl of crude extract or ascorbic acid
was mixed with 2 ml of diluted ABTS solution, incu-
bated for 7 minutes in the dark, and absorbance was
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measured at 734 nm. The absorbance values obtained
were used to compute the percentage radical scav-
enging activities.

Antimicrobial susceptibility testing (ast)

The antimicrobial assay followed the standard Clini-
cal and Laboratory Standards Institute (CLSI) proto-
col (CLSI, 2012). Pure cultures of Bacillus cereus ATCC
11778, Staphylococcus aureus ATCC 29213, Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC 25922,
and Candida albicans ATCC 10231 were used.

Disk diffusion assay

The Mueller-Hinton agar (MHA) disk diffusion tech-
nique was employed. Sterile 6 mm filter paper discs
(Whatman #1) impregnated with 10pL of 10 mg/ml

Mauritius

: . Port-louis

. University

of Mauritius

Pointe-aux-
Feuilles

extracts were air-dried and placed on the microbi-
al-inoculated MHA. Methanol was included as the
negative control as it was previously used as the sol-
vent for resuspending the dried extracts, while ampi-
cillin was included as the positive control. The plates
were incubated at 87 °C overnight, and the inhibi-
tion zones around the discs were measured using a
vernier caliper.

Broth microdilution assay

The Broth microdilution was performed in a 96-well
plate, utilizing a two-fold dilution technique, accord-
ing to the method described by Eloff (1998). Methanol
and nutrient broth were included as negative control,
and Chloramphenicol as positive control.



Statistical design and analysis

All the tests were carried out in three replicates and the
results displayed as means for the antioxidant, antimi-
crobial and Total Phenolic Content tests. The disk dif-
fusion assay was displayed as mean and standard devi-
ation. A completely randomized design with a 3x2x2
factorial treatment structure was used for the antiox-
idant and TPC tests. The 12 treatments were a com-
bination of the three seagrasses, two drying methods
and two maceration solvents and each were replicated
thrice. The resulting data were subjected to analyses of
variance (ANOVA) and the treatment sums of squares
were split up into the main and interaction effects.
All statistical analyses were carried out using the soft-
ware package JAMOVI 2.5 (Jamovi, 2024). A signifi-
cance level of 5 % was used for all the statistical tests.

Results

Percentage yield

The mass of the dry extracts was measured, and yield
percentages were calculated (Fig. 2). Higher yields
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Figure 2. Dry extract percentage yield.
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were obtained when the samples were oven dried and
methanol-macerated (highest for Halophila stipulacea
at 24.7 %). The lowest yield (0.610 %) was obtained with
freeze-dried acetonic extract of Halodule uninervis.

Total phenolic content (tpc)

Total phenolic content (TPC) was measured in mil-
ligrams of gallic acid equivalent (GAE) per gram of
extract, ranging from 0.447 to 60.1 mg GAE/g (Thal-
assodendron ciliatum highest). Overall, oven drying
resulted in higher TPC than freeze drying for all spe-
cies. Acetonic extracts consistently showed over 30 %
higher TPC compared to methanolic extracts (Fig. 3).

Antioxidant activity

DPPH radical scavenging activity

Percentage inhibition of DPPH was analyzed through
ANOVA. The percentage inhibition ranged from 18.0 %
to 69.3 % (freeze dried Thalassodendron ciliatum metha-
nolic extract and oven dried T.ciliatum acetonic extract,
respectively). All extracts demonstrated significant
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Figure 3. Total Phenolic Content of seagrass extract.
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Figure 4. DPPH assay result (i). A: DPPH radical scavenging activity; B: Estimated marginal means of species; C:
Estimated marginal means of drying method; D: Estimated marginal means for extraction solvent.

DPPH radical scavenging (p < 0.05). Main effects of the
factors revealed significant distinct trends: T.ciliatum
> H.stipulacea > H.uninervis for species, oven-drying >
freeze-drying for drying method, and acetonic extracts
> methanolic extracts for solvents.

The results showed clear evidence of significant interac-
tions between the main factors (p < 0.05) (Fig. 4 and 5):

e Species and drying method: T.ciliatum had the
highest marginal mean when oven-dried (around
65 %) and the lowest when freeze-dried (approx.
40 %). Notably, a reverse pattern emerged with
freeze-drying.

¢ Speciesand solvent: H.stipulacea in methanol showed
a 40 % significantly higher marginal mean inhibition
than H.uninervis. Conversely, with acetone, H.unin-
ervis exhibited higher inhibition (approx. 63 %).

e Solvent and drying method: In methanol, sig-
nificantly higher marginal mean inhibition was
seen in both freeze-drying (40 %) and oven-dry-
ing (30 %).

* Solvent, drying method, and species: Percent-
age marginal mean inhibition was relatively
similar between drying methods when mac-
erated in acetone, varying by approx. 2 %. But
were significantly different when macerated in
methanol.

ABTS radical scavenging activity

In the ABTS assay, T.ciliatum (acetone, oven-dried)
exhibited the highest inhibitory activity at 29.83 %. All
extracts displayed statistically significant ABT'S radical
scavenging activity (p < 0.05). Marginal plots revealed
the main effects of the factors resulting in the follow-
ing trends in percentage inhibition:
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* Species: T.ciliatum > H.stipulacea > H.uninervis
¢ Drying Method: Freeze-drying > oven-drying
* Solvent: Acetonic extracts > methanolic extracts.

The ANOVA revealed significant interactions between
the various main factors (p < 0.05) (Fig. 6 and 7):

* Solvent and species: The highest mean /% inhi-
bition was observed with T.ciliatum in both sol-
vents, with a lower value in methanol (approx. 10
%) compared to acetone (approx. 25 %).

e Drying method and species: All species exhibited
a higher mean % inhibition (approx. 2 %) when
freeze-dried compared to oven-dried, except for
T.ciliatum.

e Solvent, drying method, and species: When
freeze-dried, T.ciliatum showed the highest mean
activity (approx. 12 %) when macerated in meth-
anol. Conversely, when oven-dried, its acetonic
extract exhibited the highest activity (29 %).
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Antimicrobial assay

The antimicrobial activity of the seagrass extracts was
assessed in terms of zones of inhibition, as outlined
in Table I. Notably, the extracts displayed pronounced
effectiveness against Pseudomonas aeruginosa, particu-
larly the freeze-dried samples, with larger inhibition
zones (21.27 £ 3.12 mm and 27.3 + 1lmm for Acetonic
Freeze-dried T.ciliatum and H.stipulacea respectively ).
In the case of Staphylococcus aureus, the highest zone
of inhibition observed was 8.33 + 7.89 mm. However,
no activity was detected against Escherichia coli and
Bacillus cereus. Concerning fungal strains, T.ciliatum
extracts exhibited notable inhibition zones against
Candida albicans (24.7 £ 4.06 mm).

A 2-fold broth microdilution assay was carried out
for the freeze dried extracts to determine their MIC
against P.aeruginosa. A minimum concentration of 1.25
mg/ml acetonic T.ciliatum extracts was needed for
inhibition, while for acetonic H.stipulacea, a 5 mg/ml
extract was required.(Table II)

The zones of inhibition produced by some of the
seagrass extracts were subsequently compared with
those of other plants, including terrestrial plants, as
depicted in Table III.
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Figure 5. DPPH assay result (ii). E: Estimated marginal means Species x drying method; F: Estimated
Marginal Means species # extraction solvent; G: Estimated Marginal Means extraction solvent * Drying Method; H:

Estimated Marginal Means species x drying method.
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Table 1. Inhibition zones for disk diffusion assay.
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Extracts Zone of inhibition(mm)
Bacteria Fungus
. Drying extraction . . ,
Species P. aeruginosa E.coli S. aureus B.cereus C. albicans
P method solvent g
H. stipulacea Oven dry methanol - - 517 + 8.95 - -
H. stipulacea Oven dry acetone - - - - -
H. stipulacea Freeze dry methanol 10.77 £ 0.85 - - - -
H. stipulacea Freeze dry acetone 27.3 +11.0 - - - -
H. uninervis Oven dry methanol 11.63 + 0.40 - - - 6.67
H. uninervis Oven dry acetone 8.08 £2.10 - 2.4 *4.16 - 7+5.86
H. uninervis Freeze dry methanol 13.63 £ 2.18 - 4.37 +7.56 - 3.57+ 6.18
H. uninervis Freeze dry acetone 16.6 £ 0.6 - - - -
T. ciliatum Oven dry methanol - - - - -
T. ciliatum Oven dry acetone 11.87 + 8.88 - 8.33 £7.89 - -
T. ciliatum Freeze dry methanol 12.18 + 2.00 - - - -
T. ciliatum Freeze dry acetone 21.27 + 8.12 - 4.6 £797 - 24.7 £ 4.06
Positive control
- + + + -
(Ampicillin for bacteria and Nystatin for fungus) 2003+ 1.33 1812325 8117=9.76
Table 2. Minimum Inhibitory Concentration of freeze dried seagrass samples against P. aeruginosa.
species extraction solvent MIC(mg/ml)
H. stipulacea methanol >2.5
H. stipulacea acetone >5
H. uninervis methanol >2.5
H. uninervis acetone >2.5
T ciliatum methanol >2.5
T ciliatum acetone >1.25
Chl(?r?mphemcol 0.938
(positive control)
Methanol None -
Nutrient broth -
Table 8. Comparison of the antimicrobial properties of seagrass extracts with some terrestrial plants (ND: No data).
Microbe ( Zone of inhibition in mm)
Plant Extract References
S. aureus P. aeruginosa E. coli B. cereus
. Acetonic
+ + - -
T. ciliatum (freeze-dried) 4.6 £7.97 21.27 + 8.12
. Acetonic
- + - -
Seagrass H. stipulacea (freeze-dried) 27.3 +11.0
. . Acetonic - -
- +
H. uninervis (freeze-dried) 16.6 £ 0.6
Suaeda nudiflora Acetonic 5.76 £ 0.25 3+0.2 ND ND
Lumnitzera racemosa Acetonic 7.3+0.2 5.33+0.15 ND ND (Eswaraiah ef al.,
Mangrove 2020)
Ipomoea tuba Acetonic 583 +0.15 4.8+0.2 ND ND
Avicennia alba Acetonic 6.83 £ 0.15 583 +0.15 ND ND
. ND (Nejatzadeh-
+ + +
Aloe vera Acetonic 12 £ 045 19 £ 0.57 14 + 0.38 Barandozi, 2013)
Licorice Glycyrrhiza glabra Methanolic ~ 10.04 +1.34 - 6 +1.22 7+1 (Jafari-Sales and

Bolouri, 2018)
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Discussion

The ability of seagrass to produce secondary metab-
olites as a defense mechanism has drawn attention to
their phytochemical properties and pharmacologi-
cal potential (Kalaivani et al., 2019). While numerous
studies (Wisespongpand et al., 2022; Lahay and Amiin,
2023; Punginelli ez al., 2023) on seagrass bioactivity
have been conducted globally, research on Mauritian
seagrasses remains limited. Only one study (Ramah et
al., 2014) has investigated their antioxidant potential,
and none has explored their antimicrobial properties.
This study, therefore, examines the phytochemical
characteristics of three Mauritian seagrass species: T.
ctliatum, H. stipulacea, and H. unineruvis.

An essential aspect of this study involved optimiz-
ing the extraction process to obtain maximum phy-
tochemical yield and bioactivity. In line with this,
two drying methods (freeze-drying and oven- dry-
ing) and two solvents (Acetone and Methanol) were
tested for phytochemical extraction. Oven drying
yielded higher extract yield compared to freeze dry-
ing which was consistent with the results obtained
by Lee et al.(2022) when they compared several dry-
ing methods. This difference may be ascribed to the
greater porosity of the freeze-dried samples, poten-
tially causing rapid moisture reabsorption (Benjamin
et al., 2022). Methanol extraction yielded higher phy-
tochemical levels compared to acetone. The polarity
of the solvent plays a crucial role in this difference,
whereby methanol is more polar than acetone. In this
case, it is suggested that the seagrasses possessed more
polar compounds than non-polar. Ozbil ez al. (2024),
in a similar context, compared the effect of different
polar and non-polar solvents including methanol and
acetone, on seagrass Posidonia oceanica and methanol
resulted in greater yield as compared to acetone in
both the leaves and roots.

Phenolic compounds are renowned for their capac-
ity to scavenge free radicals and reactive species that
pose potential harm to cellular structures (Pratyu-
sha, 2022). Throughout this study, the three seagrass
species possessed different levels of phenolic com-
pounds within their respective samples. Notably,
T. ciliatum demonstrated the highest total phenolic
content (TPC) among the three seagrasses. This dis-
covery aligns with the study of Ramah et al. (2014),
who also identified 7. ciliatum as having the highest
TPC among five seagrass species in Mauritius. Nev-
ertheless, the TPC values obtained in this study were
lower than those reported by Ramah et al., and this
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difference could stem from their direct use of fresh
seagrass samples, which contrasts with the dried sea-
grass utilized in this study. Remarkably, higher phe-
nolic content resulted from oven drying, rather than
freeze drying, deviating from some studies (Ningsih
et al., 2022; Wan et al., 2021). Although, methanol is
a commonly utilized solvent for phenolic extraction
as phenolic compounds are more soluble in more
polar solvents (Bharathi et al., 2019), the current study
revealed that acetonic extracts displayed a higher TPC
than methanolic extracts..

DPPH and ABTS assays are two commonly used anti-
oxidant assays. All the seagrass extracts in this study
demonstrated significant DPPH and ABTS radi-
cal scavenging activities. Species-specific variations
(p=0.008 for DPPH and p<0.001 for ABTS) were
observed, with T. ciliatum showing the highest activ-
ity, agreeing again with the DPPH results of Ramabh et
al. (2014) in Mauritius. The obtained DPPH value for
T. ciliatum was approximately similar with the results
obtained by Hamdy et al. (2012) in Egypt. Hamdy et al.
attributed this efficacy of T: ciliatum to the presence of
flavonoids such as quercetin 3-O-B-d-xylopyranoside,
asebotin, 8-hydroxyasebotin, rutin, and racemic cate-
chin. Additionally, marked dissimilarity was observed
between the ABTS and DPPH assay results, with
oven drying yielding better results with the DPPH
assay and freeze-drying yielding better results with
the ABTS assay. The heightened antioxidant capac-
ity observed with the DPPH assay may stem from its
capacity to react with weaker antioxidants, as noted
by Christodoulou et al. (2022). Moreover, as men-
tioned above, antioxidant activity arises due to the
phytochemical components present. Therefore, the
impact of the drying method on the targeted phyto-
chemical compounds and their solubility is another
aspect to consider (Sun e¢ al., 2015). The highest total
phenolic content was observed in the oven-dried,
acetone-macerated extracts, which also exhibited the
strongest DPPH activity. This demonstrates that the
phenolic compounds contribute significantly to anti-
oxidant activity. This relationship of the antioxidant
capacity with the TPC clarifies the significantly vary-
ing marginal means among species, drying methods,
and solvents (p<0.05).

Heightened consumer concern about synthetic com-
pounds has spurred research on natural antimicrobial
compounds. This study explored the antimicrobial
potential of three Mauritian seagrasses. Many stud-
ies (Bharathi et al., 2019; Kavitha et al., 2022; Amiin
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and Lahay, 2023) on seagrasses have shown that they
possess this ability due to their phytochemical com-
ponents, including phenols, flavonoids, and alkaloids
(Amiin and Lahay, 2023). However, in this study, none
of the seagrass extracts showed antimicrobial activity
against the gram-negative Escherichia coli. H. stipulacea
and other Halophila spp. showed effective antimicro-
bial activity against E. coli in other studies (Gumgum-
jee et al., 2018; Yuvaraj et al., 2012). Discrepancies in
geography could account for this observation. Terres-
trial plants like Aloe vera and Glycyrrhiza glabra could
exhibit potential activity against E. coli, highlighting a
distinction in bioactive components between marine
and terrestrial plant species (Jafari-Sales and Bolouri,
2018; Nejatzadeh-Barandozi, 2018; Table III).

As for the other gram negative bacteria used in this
study, varying positive results were observed against
Pseudomonas aeruginosa. The freeze-dried acetonic
extracts of T. ciliatum and H. stipulacea displayed large
inhibition zones. Yet, in another study in Egypt, the
same seagrass species were unable to inhibit P. aerug-
inosa (Ahmed et al., 2023). Conversely, oven-dried
and methanolic extracts exhibited little to no activ-
ity against the bacteria, indicating a potential loss of
antimicrobial components attributed to high-tem-
perature drying and solubility of phytochemicals on
maceration solvent. The MIC determination of the
extracts against P. aeruginosa provided a more detailed
insight. Species-wise, 7. ciliatum exhibits the high-
est antimicrobial potential, which could be linked to
T. ciliatum’s elevated phenolic content observed in
this study. Interestingly, H. uninervis demonstrated a
higher activity than T. ciliatum against the gram-neg-
ative Salmonella typhi in Tanzania (Hamisi et al., 2023).
Significantly, the seagrass extracts were more effective
against P. aeruginosa than several terrestrial plants,
including the medicinal plant Aloe vera. (Table III).

Regarding gram-positive bacteria, Staphylococcus
aureus and Bacillus cereus were non-susceptible to the
extracts. In contrary, in the WIO region, Mabrouk
et al., (2024) reported H. stipulacea as more effective
against gram-positive bacteria (including S. aureus)
than against gram-negative ones (including P. aerug-
inosa). On a similar note, S. aureus and B. cereus could
also resist several seagrass leaf extracts of Cymodocea
rotundata and Cymodocea serrulata (Wisespongpand
et al., 2022). Gram-positive bacteria have thicker cell
walls containing teichoic acids, which are absent
in gram-negative bacteria, which may explain this
non-susceptibility (Jubeh et al, 2020). Conversely,
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studies on mangroves and other terrestrial plants
demonstrated significant inhibition of S. aureus growth,
and Glycyrrhiza glabra extract effectively inhibited B.
cereus (Table III). As for fungus, Candida albicans was
most susceptible to the freeze-dried acetonic extract
of T. ciliatum, while the other species exhibited min-
imal to no activity. Although anti-candidal studies of
these species is absent in the WIO region, outside the
WIO, H. stipulacea and other seagrasses were found to
act against C. albicans (Mabrouk et al., 2024; Punginelli
etal., 2023) .

Conclusions

In conclusion, to the knowledge of the authors, this is
the first study in the WIO region assessing the com-
bined effect of drying method and maceration solvent
on the bioactivity of the three seagrasses, H. stipulacea,
H. uninervis, and T. ciliatum. This study allowed iden-
tification of the optimum maceration solvent, drying
method and species to use to obtain a high antimicro-
bial and antioxidant activity. Specifically, oven-dry-
ing and acetone proved more effective in extracting
phenolic compounds. Notably, among the examined
species, T. ciliatum demonstrated the highest antiox-
idant potential when subjected to oven drying and
macerated in acetone, while also possessing the high-
est phenolic compounds. This study has also, for the
first time, determined the antimicrobial activity of
seagrasses in Mauritius. 7. ciliatum displayed remark-
able antimicrobial efficacy against P. aeruginosa and
Candida albicans, particularly when freeze-dried and
macerated in acetone. It is therefore recommended
that more studies are carried out on the use of sea-
grass extracts, especially, T. ciliatum, in the pharma-
ceutical industry.
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