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A B S T R A C T

Algae attract interest as a source of bioactive compounds with diverse properties. In this study, we conducted a 
comparative analysis of the potential of nine seaweeds collected in the Mediterranean Sea investigating their 
antibacterial, antioxidant, and nutritional properties. The species analyzed were: Chaetomorpha linum, Rama 
rupestris, Gracilaria dura, Gracilaria gracilis, Gracilariopsis longissima, Grateloupia turuturu, Hypnea corona, Gon
golaria barbata and Undaria pinnatifida. All lipidic extracts exhibited antibacterial activity against different Vibrio 
species. Lipidic extracts from H. corona, G. barbata, R. rupestris and U. pinnatifida inhibited some antibiotic- 
resistant human pathogens. Palmitic and linoleic acids appear to be involved in these activities. The extracts 
also showed antioxidant activity with the highest value recorded for G. barbata (1009.560±115.174 mmol Trolox 
equivalent/g extract). Gas chromatography revealed the presence of free saturated (SAFAs), monounsaturated 
(MUFAs), polyunsaturated (PUFAs) fatty acids with SAFAs prevailing in G. longissima (67.30±13.10%) and 
PUFAs in C. linum (71.97±13.48%). The seaweeds showed a noteworthy ω6/ω3 ratio. The results are discussed in 
the light of the biotechnological applications indicating that C. linum, G. turuturu and U. pinnatifida have the 
highest quality fatty acid profiles useful in nutraceuticals. Hypnea corona, G. barbata, R. rupestris and 
U. pinnatifida are more promising for pharmaceutical use.

1. Introduction

Seaweeds are marine primary producers widely distributed in the 
world oceans, numbering several hundred species. They provide a wide 
range of ecosystem services producing almost half of the world’s O2 and 
providing shelter and food to many animals. In addition, seaweeds are 
considered excellent indicators of environmental quality and can treat 
pollutants from wastewater as they are able to absorb both inorganic 
and organic pollutants (Cotas et al., 2023; Guo et al., 2022; Theobald 
et al., 2024). Seaweeds have also a high value in food production, both 
for their nutrient content and health benefits. Finally, algal biomass 
contains a wide range of bioactive compounds, which can find appli
cation in various industrial fields due to their antimicrobial (e.g., anti
bacterial, antiviral and antifungal) and antioxidant activities. Among 
them, polysaccharides, phlorotannins, proteins, terpenoids, pigments, 
peptides, lipids, phenolic compounds, vitamins are included 

(Rengasamy et al., 2020). These potential drugs, especially antibiotics, 
make seaweeds appealing for the pharmaceutical industries (Guedes 
et al., 2024) since the emergence of antibiotic-resistant bacteria neces
sitates the development of new antibiotics to combat infections that are 
no longer effectively treated by conventional medications (Larsson & 
Flach, 2022; Pancu et al., 2021). Significant progress has been made in 
the field of engineered biosynthetic antimicrobials, but nature still re
mains the source offering the most attractive variety of new antibiotics 
(Álvarez-Martínez et al., 2020; Cook & Wright, 2022). In particular, 
seaweeds have been recognized for millennia in traditional medicine, as 
having therapeutic value (Pérez-Lloréns et al., 2023), but only in recent 
years the attention has focused on the identification of secondary me
tabolites with antibacterial activity thanks to modern screening 
methods. In vitro antimicrobial activity against bacteria, viruses, fungi 
was assessed in extracts of several species of red, green and brown 
seaweeds, mainly against human pathogens (Francavilla et al., 2015; 
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Katiyar et al., 2021; Lomartire & Gonçalves, 2022; Masarin et al., 2016; 
Noorjahan et al., 2022; Trivedi et al., 2016). Detection and evaluation of 
the efficacy of algal antibacterial substances on fish pathogens is still 
limited (Siddik et al., 2023). The present paper represents a contribution 
on this topic since we investigated the antimicrobial activity of nine 
seaweed species collected in the Mediterranean area also against vibrios 
which include several species pathogens to fish and marine organisms 
(Manchanayake et al., 2023; Gracinda et al., 2022). The attention was 
focused on the following seaweed species: Chaetomorpha linum (O.F. 
Müller) Kützing (Chlorophyta, Cladophorales), Rama rupestris (Lin
naeus) Boedeker, M.J. Wynne & Zuccarello (Chlorophyta, Cladophor
ales), Gracilaria dura (C. Agardh) J. Agardh (Rhodophyta, Gracilariales), 
Gracilaria gracilis (Stackhouse) Steentoft, L.M. Irvine et Farnham (Rho
dophyta, Gracilariales), Gracilariopsis longissima (S.G. Gmelin) Steentoft, 
L.M. Irvine et Farnham (Rhodophyta, Gracilariales), Grateloupia turuturu 
Y. Yamada (Rhodophyta, Halymeniales), Hypnea corona Huisman & 
Petrocelli (Rhodophyta, Gigartinales), Gongolaria barbata (Stackhouse) 
Kuntze (Heterokontophyta, Fucales) and Undaria pinnatifida (Harvey) 
Suringar (Heterokontophyta, Laminariales). Since the industry requires 
large amounts of biomass to obtain bioactive compounds, some of these 
nine species were selected because they are particularly abundant along 
the Northern Ionian Sea (Mar Piccolo of Taranto) and easily available (e. 
g., G. barbata, R. rupestris) (Petrocelli et al., 2019); others were selected 
because they proved to be easily cultivable with large biomass produc
tion (e.g., C. linum, G. dura, G. gracilis, G. longissima) (Giangrande et al. 
2020; Petrocelli & Cecere, 2019; Stabili et al., 2019a). The remaining 
species (G. turuturu, H. corona, U. pinnatifida) are non-indigenous species 
(NIS), introduced into the Northern Ionian Sea (Mar Piccolo of Taranto) 
in different years, that have formed more or less stable populations in 
the basin (Cecere et al., 2000; Petrocelli et al., 2020). Their exploitation 
thanks to the presence of bioactive compounds, recorded in this study, 
could transform a potential invasion into a valuable resource, effectively 
allowing the control of these populations (Pacheco et al., 2020).

Antimicrobial activity of the here investigated seaweeds on Vibrio 
was unknown (Lopes et al., 2021), thus, the present paper is a first 
insight into this bioprospecting. Seaweeds are also the main food in 
several Asian countries and are receiving increasing attention elsewhere 
in the world, where the growing population is making the availability of 
new healthy resources necessary. Algae are a novel and easily accessible 
feedstock that can be used in the food market, being a source of lipids 
beneficial to human health, especially essential unsaturated fatty acids 
(Lopes et al., 2021; Murai et al., 2021). The types and amounts of ω3 and 
ω6 fatty acids produced varies significantly between different algal 
species (Marques et al., 2021; Murai et al., 2021). On account of these 
features the introduction of these nutrients in the daily diet can repre
sent an effective alternative to the consumption of unhealthy food, based 
on a high intake of saturated fatty acids, now recognised among the 
main causes of social metabolic diseases such as diabetes, hypercho
lesterolemia, obesity, and the resulting cardiovascular complications 
(Wali et al., 2020). Dietary fiber supplementation from seaweeds pro
motes the maintenance and growth of beneficial intestinal flora (Murai 
et al., 2021). The use of algal hydrocolloids in the food sector finds many 
applications both as stabilizers and nutraceuticals, with marked anti
microbial activity (Basir et al., 2024; Caneschi et al., 2023; Peñalver 
et al., 2020). In this scenario we investigated the above selected algal 
species as a source of beneficial compounds for humans and attention 
was focused on total lipid and fatty acid content. Although studies have 
already been carried out on some of the seaweeds here considered, a 
comparison has never been made among those collected in the Medi
terranean Sea, and this study, therefore, represents a first attempt in this 
direction.

Finally, the antioxidant effect of several seaweed secondary metab
olites is equally intriguing, since they could become a valid natural and 
safe alternative to synthetic antioxidants used such as GSH precursors, 
mitochondrially targeted antioxidants, NADPH oxidase inhibitors, 
which showed toxic effects (Halliwell et al., 2024; Kumar et al., 2021a; 

Kumar et al., 2021b). In this context, this study aims to examine the nine 
seaweed species collected in the Mediterranean Sea (i.e., Northern 
Ionian Sea) by performing a comparative analysis of their potential 
antibacterial and antioxidant activity and nutritional value. The 
importance of comparing these species lies in the evaluation of those 
most suitable for use in the nutraceutical, pharmaceutical and fortified 
food sectors. Therefore, the present study aims to develop, in Europe, 
new production chains related to the use and valorisation of seaweeds.

2. Materials and methods

2.1. Species description and collection

The seaweeds come from the Ionian Sea populations and were 
collected during the periods of maximum growth.

Chaetomorpha linum can live in coastal waters, in the attached form, 
and in transitional waters, mainly in the floating form (Cormaci et al., 
2014). In the Mar Piccolo of Taranto (Ionian Sea, southern Italy), 
C. linum is present only in the floating form, reaching considerable 
biomass value in the range of a few dozen kilograms per square meters, 
throughout the year, with a preference for spring and summer 
(Petrocelli et al., 2019).

Rama rupestris prefers high hydrodinamism zones but commonly 
lives also in transitional waters (Cormaci et al., 2014), such as the Mar 
Piccolo of Taranto. Here, it was often observed blooming in early spring, 
forming surface floating populations in some areas (Stabili et al., 2014).

Gracilaria dura is a common species in lagoon environments. It is 
widely known to produce high-quality agar. In Mar Piccolo, it lives as a 
bentopleustophytic species at a depth up to 5 - 6 m, becoming one of the 
dominant species in summer (Cecere & Petrocelli, 2009).

Gracilaria gracilis is a marine agarophyte species, common also in 
transitional waters where it is often observed in the unattached form 
(Cormaci et al., 2020). In the Mar Piccolo of Taranto, it is present at the 
intertidal zone in the floating form, moderately abundant from autumn 
to spring.

Gracilariopsis longissima is a marine cosmopolitan species, distributed 
in sheltered sites at the intertidal zone (Cormaci et al., 2020). The 
attached habitus is the commonest, even though it is often present also 
in the floating form, mainly in transitional waters. In the Mar Piccolo of 
Taranto, G. longissima unattached thalli generally coexists with 
G. gracilis.

Grateloupia turuturu is a marine species, living both in exposed and 
sheltered areas in the intertidal zone and in the attached habitus 
(Cormaci et al. 2021). It is a non-indigenous species (NIS), introduced in 
the Mar Piccolo in 2007, where it was commonly observed settled also 
on plastic nets abandoned on the bottom (Petrocelli et al., 2020).

Hypnea corona is a carrageenophyte recently described in Australia 
(Huisman & Petrocelli, 2021). In Mar Piccolo it is a NIS, first reported in 
December 2000 and now become the summer dominant, without any 
impact on the populations of native species (Denti et al., 2024).

Gongolaria barbata lives attached on hard substrata with a variable 
morphology depending on the geographic area and the ecological con
ditions (Cormaci et al., 2012; Falace et al., 2024). This species is able to 
survive also in highly polluted waters, provided that there is enough 
oxygen (Sfrisoet al., 2011). In the Mar Piccolo of Taranto, G. barbata 
shows seasonal behavior, flourishing mainly during summer.

Undaria pinnatifida is an alginophyte commonly living in coastal 
waters, attached on hard substrata, up to 10 m depth. It is a NIS for the 
Mar Piccolo of Taranto, where it was introduced in 1998, through the 
importation of oysters (i.e. Magallana gigas (Thunberg, 1793)) from 
France (Cecere et al., 2000; Sfrisoet al., 2011) and showed a seasonal 
cycle, reaching its maximum growth in winter.

2.2. Reagent and standards

Reagents were acquired from various suppliers: Folin-Ciocalteu 
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phenol reagent, Trolox [(S)-(-)-6-hydroxy-2,5,7,8-tetramethylchroman- 
2-carboxylic acid], 2,2′-Azinobis (3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt (ABTS) from Sigma-Aldrich (St. Louis, MO, 
USA). The purified and deionized water, essential for making reagents 
and testing antioxidants was obtained through a Milli-Q water system 
(Merck Millipore, Darmstadt, Germany).

2.3. Preparation of lipidic extracts from the seaweeds

By using a mixture of ethanol (40 %) and sodium hypochlorite (1 %) 
for 10 s the seaweed samples were cleaned, in order to eliminate epi
phytes and other marine organisms (Kientz et al., 2011). After removal 
of the necrotic parts, the same samples were rinsed with sterile sea water 
to eliminate any other associated debris. The cleaned material, after 
air-dried was pulverized. Extraction was carried out, with a Soxhlet 
apparatus, using 3 g of each sample and 150 mL of chloroform/methanol 
(2:1) at 55 - 60 ◦C for 24 hours (Ramola et al., 2019). Extraction solvents 
were removed under vacuum at controlled and constant temperature, 
then absolute ethanol (95 %, from J.T. Baker) was added to obtain a final 
concentration of 5 mg/mL of extract in ethanol. Finally, the antimicro
bial and antioxidant activities were assayed as reported in Sections 2.5 
and 2.6.

2.4. Test microorganisms

Seven human pathogenic microbial strains were used to test anti
bacterial activity (Candida albicans, Candida famata, Candida glabrata, 
Enterococcus sp., Pseudomonas aeruginosa, Staphylococcus sp. and Strep
tococcus agalactiae) in addition to several Vibrio strains isolated and 
identified from seawater samples of the Mar Piccolo of Taranto 
(V. aestuarinus, Vibrio alginolyticus, V. cambelli, V. carchariae, Vibrio 
cholerae non-O1, V. diazotrophicus, V. fischeri, V. fluvialis, V. furnissii, V. 
harveyi, V. hollisae, V. inusitatus, V. litoralis, V. mediterranei, V. metsch
nikovii, V. natriegens, V. nereis, V. ordalii, V. orientalis, V. para
haemolyticus, V. salmonicida, V. splendidus and V. vulnificus) (Cavallo & 
Stabili, 2002; Stabili et al., 2005).

2.5. Antimicrobial activity

Kirby Bauer method (Bauer et al., 1966) was used to evaluate the 
antimicrobial activity. Sterile 6 mm diameter paper discs (AA, Whatman 
International Ltd., Maidstone, Kent, United Kingdom) were impregnated 
with 100 μL of extract, then they were left to air-dry for 4 hours (Cavallo 
et al., 2013). For each test, three discs were prepared as controls: 1) the 
first one impregnated with carrier solvent, 2) the second one impreg
nated with an "extraction blank" represented by MeOH/CHCl3 used as 
solvent in the extraction, then dried and resuspended in ethanol, 3) the 
third one was a positive control represented by the vibrio static agent 
O/129 at a concentration of 10 µg, for vibrios, and by lysozyme from 
chicken egg white at 0.76 mg/mL, for the other microbial strains.

100 μL of each microbial suspension (about 108 CFU/mL) were 
spreaded (Ely et al., 2004) under sterile conditions on specific agarized 
medium for each bacterial and fungal tested strain; the Petri dishes 
inoculated with Vibrio species were incubated at 30 ◦C, those with 
human pathogenic strains at 37 ◦C. The presence of a clear zone around 
the test discs was indicative of antimicrobial activity. Then, diameter of 
this clear zone was measured in millimetres. Since from the NMR and 
gas chromatography analyses the λ-linolenic acid resulted the most 
abundant fatty acid this pure compound (≥ 99 Sigma–Aldrich) was 
employed in ethanol to determine its effective antimicrobial activity. In 
particular, 0.009, 0.018, 0.035, 0.051, 0.067, 0.082 mg/mL were tested 
for the antibacterial action (Stabili et al., 2019a).

2.6. Antioxidant activity

2.6.1. Oxygen radical absorbance capacity assay (ORAC)
For ORAC the method of Dávalos et al. (2004) was used. The ORAC 

procedure was carried out as per Gerardi et al. (2021). The reaction was 
carried out using a 96-well plate Infinite 200 Pro plate reader (Tecan, 
Männedorf, Switzerland), in 200 μL final reaction volume. Each sample 
was subjected to at least three independent assays. Seaweed extracts (20 
μL) and fluorescein (120 μL; 70 nM, final concentration) were put into 
the microplate well and incubated at 37 ◦C for 15 min. Then, AAPH (2, 
2′-Azobis-(2-methylpropionamidine) dihydrochloride) solution (60 μL; 
12 mM, final concentration) was added and the fluorescence recorded at 
excitation of 485 nm and emission wavelength of 527 nm, every minute 
for 60 min. A blank using phosphate buffer was carried out. Decay 
curves (fluorescence intensity vs. time) were recorded for samples and 
for the antioxidant Trolox as a standard (1 – 6 μM were used to make a 
standard curve). The final ORAC values were indicated in terms of mmol 
Trolox equivalents/g of extract.

2.6.2. Trolox equivalent antioxidant capacity assay (TEAC)
The TEAC assay (Re et al., 1999) was performed adapting the method 

to a microplate reader as described by Gerardi et al. (2021). ABTS•+ was 
prepared by mixing potassium persulfate 2.45 mM (final concentration) 
and an aqueous solution of ABTS•+ 7 mM (final concentration) in the 
dark at room temperature for 12 - 16 hours. ABTS•+ solution was diluted 
in PBS (pH 7.4) to an absorbance of 0.40 at 734.00 ± 0.02 nm. A volume 
of 10 μL of Trolox or extracts diluted in PBS were added in the wells of a 
96 well-plate (Costar) with 200 μL of diluted ABTS•+, choosing an 
absorbance of 734 nm within an Infinite 200 Pro plate reader (Tecan, 
Männedorf, Switzerland). The appropriate solvent blanks were tested in 
each plate. The lipidic extract was assayed in triplicate. The inhibition of 
absorbance at 734 nm of the lipidic extract was plotted as a function of 
concentration of Trolox and compared to a standard calibration curve of 
Trolox (0 – 16 μM). The control software Magellan v 7.2 was used to 
measure the TEAC value, expressed in terms of Trolox equivalent (in 
mmol)/g of lipidic extract.

2.7. Gas chromatographic analysis of fatty acid

The method reported by Folch et al. (1957) was used in order to 
extract total lipids from seaweeds. After homogenization of each sample, 
extraction was performed in methanol/chloroform/water (1/2/1) until 
reaching a final volume equal to 20 times the initial volume. Fatty acids 
composition was established according to Budge and Parrish (2003) and 
Couturier et al. (2020). Briefly, the fatty acids (FAs) of total lipids were 
transesterified to methyl esters accordingly to Stabili et al. (2019a, 
2023a). The samples were cooled, and then 1 mL of distilled water was 
added, followed by a vigorous shaking. The fatty acid methyl esters 
(FAMEs) were collected in the upper benzene phase. The benzene phase 
was then transferred to a vial and then the drying was reached by a 
nitrogen stream. To avoid losing the sample, a very slow flow rate was 
used. FAME extracts were analysed through gas chromatography by 
using an HP 6890 series GC (Hewlett Packard, Wilmington, DE, USA) 
equipped with a flame ionization detector. FAMEs were separated with 
an Omegawax 250 capillary column (Supelco, Bellafonte, PA, USA) (30 
m long, 0.25 mm internal diameter, and 0.25 mm film thickness). The 
column temperature program was as follows: 150 – 250 ◦C at 4 ◦C/min 
and then held at 250 ◦C. Helium was the carrier gas, and the injection 
volume was 1 mL. All assays were conducted in triplicate. FAMEs were 
identified by comparing retention times obtained with those of known 
standards (FAME mix, Supelco-USA) and the results were reported as 
percentages of total identified methyl ester fatty acids.

2.8. Statistical analysis

Analysis of variance (ANOVA) was performed by using STATISTICA 
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10.0 software in order to assess differences of the studied components in 
the same algal species as well as among species. Significance was set at a 
critical level of 95 % (p < 0.05). Furthermore, regression analysis and 
determination of Pearson’s correlation coefficient R were used to 
examine the relationship between antioxidant activity and total lipid 
content.

3. Results

3.1. Antimicrobial activity

The in vitro assays highlighted the presence of an antimicrobial ac
tivity in the examined seaweed species. The diameters of inhibition 
zones were employed to measure the degree of the antimicrobial activity 
on each strain employing 100 μL of the algal extract (corresponding to 
500 μg of dry extract) (Table 1).

As regard human pathogenic bacteria, the lipidic extracts of 
R. rupestris and H. corona were capable to inhibit the growth of Entero
coccus spp. (diameter of inhibition 8.0 ± 0.2 mm). In the lipidic extract 
of R. rupestris an antibacterial activity against Streptococcus agalactiae 
was also observed. Pseudomonas aeruginosa was inhibited by the lipidic 
extract of G. barbata (diameter of inhibition 9.0 ± 0.3 mm). Finally, 
U. pinnatifida lipidic extract was capable of acting against Staphylococcus 
sp. (Fig. 1 i).

Many algal lipidic extracts showed antibacterial activity against 
several of the tested Vibrio species. In particular, the algal species 
U. pinnatifida was effective against several Vibrio strains such as 
V. aestuarinus, V. fischeri, V. furnisii, V. inusitatus, V. litoralis and 
V. mediterranei. The seaweeds G. dura (Fig. 1 ii), G. gracilis, G. longissima 
and G. barbata were effective against V. alginolyticus with G. longissima 
exerting the highest (p < 0.05) inhibition capability. Moreover, G. dura, 

G. gracilis and G. longissima were also capable to inhibit the growth of 
V. cholerae non-O1. Gracilaria dura, G. gracilis, G. longissima and 
G. turuturu resulted also active against V. fluvialis. The seaweeds 
G. gracilis and G. longissima exerted an antibacterial activity also against 
V. salmonicida; G. longissima and G. barbata were also active against 
V. vulnificus. Rama rupestris lipidic extract resulted active against 
V. dizotrophicus, V. cholerae non-O1, V. fluvialis, V. metschnikovii, V. 
ordalii, V. salmonicida and V. vulnificus. The algal species H. corona was 
active against V. cholerae non-O1 and V. fluvialis. Finally, C. linum was 
capable to inhibit the growth of V. ordalii and V. vulinificus. By contrast, 
the lipidic extracts of all the examined seaweed species were ineffective 
against V. campbellii, V. carchariae, V. harveyi, V. hollisae, V. natriegens, V. 
nereis, V. orientalis, V. pelagius I and V. splendidus, as well as against all 
the tested yeasts.

Table 1 
Antimicrobial activity of the chloroform/methanol lipidic extracts (dried and ethanol resuspended; final concentration 5 mg/mL; 100 μL impregnated discs) of some 
seaweeds present along the Northern Ionian Sea (Italy).

Microbial Strain Diameter of Growth Inhibition (mm)

C. linum R. rupestris G. dura G. gracilis G .longissima G. turuturu H. corona G. barbata U. pinnatifida

Yeasts ​ ​ ​ ​ ​ ​ ​ ​ ​
Candida albicans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Candida famata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Candida glabrata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gram þ ​ ​ ​ ​ ​ ​ ​ ​ ​
Enterococcus sp. 0.0 8.0 ± 0.2 0.0 0.0 0.0 0.0 8.0 ± 0.2 0.0 0.0
Staphilococcus sp. 0.0 0.0 0.0 0.0 0.0 ND 0.0 ND 7.0 ± 0.2
Streptococcus agalactiae 0.0 8.0 ± 0.3 ND ND ND ND 0.0 ND 0.0
Gram - ​ ​ ​ ​ ​ ​ ​ ​ ​
Pseudomonas aeruginosa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 ± 0.3 0.0
Vibrio aestuarinus ND ND ND ND ND ND ND ND 9.0 ± 0.2
V. alginolyticus 0.0 0.0 10.0 ± 0.4 10.0 ± 0.4 25.0 ± 1.2 0.0 0.0 15.0 ± 0.8 0.0
Vibrio campbellii 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio carchariae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V. cholerae nonO1 0.0 8.0 ± 0.2 8.0 ± 0.2 8.0 ± 0.2 10.0 ± 0.6 0.0 8.0 ± 0.2 0.0 0.0
Vibrio diazotrophicus 0.0 12.0 ± 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio fischeri ND ND ND ND ND ND ND ND 10.0 ± 1.1
Vibrio fluvialis 0.0 9.0 ± 0.5 8.0 ± 0.2 8.0 ± 0.2 8.0 ± 0.2 8.0 ± 0.2 8.0 ± 0.2 0.0 0.0
Vibrio furnissii 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 ± 0.2
Vibrio harveyi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio hollisae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio inusitatus ND ND ND ND ND ND ND ND 10.0 ± 1.1
Vibrio litoralis ND ND ND ND ND ND ND ND 11.0 ± 1.0
Vibrio mediterranei 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 9.0 ± 0.2
Vibrio metschnikovii 0.0 8.0 ± 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio natriegens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio nereis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio ordalii 12.0 ± 1.1 8.0 ± 0.2 ND ND ND ND ND ND ND
Vibrio orientalis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio pelagius I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio salmonicida 0.0 9.0 ± 0.5 0.0 8.0 ± 0.3 8.0 ± 0.3 0.0 0.0 0.0 0.0
Vibrio splendidus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vibrio vulnificus 12.0 ± 1.2 9.0 ± 0.5 ND ND 15.0 ± 1.3 ND ND 6.0 ± 0.02 0.0

Fig. 1. Antibacterial disc diffusion assay. (i) Undaria pinnatifida lipidic extract 
showing antibacterial activity against Staphilococcus sp. (ii) Gongolaria barbata 
lipidic extract with antibacterial activity against Vibrio alginolyticus; (A) disc 
impregnated with 100 µL of algal extract; (B) negative control.
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3.2. Antioxidant activity

The antioxidant activity of the lipidic extracts from the examined 
seaweeds, was determined by the ORAC (Oxygen Radical Absorbance 
Capacity) and TEAC (Trolox Equivalent Antioxidant Capacity) assays 
and is reported in Table 2.

In all the examined samples, the antioxidant capacity of the seaweed 
extract measured by the ORAC assay resulted higher than the activity 
measured by the TEAC assay (p < 0.05). In particular, in the case of the 
ORAC assay the highest antioxidant activity (p < 0.05), corresponding to 
1009.560 ± 115.174 mmol Trolox equivalents/g extract, was recorded 
in G. barbata followed by G. longissima (525.610 ± 19.672 mmol Trolox 
equivalents/g extract) and then by R. rupestris (315.650 ± 51.647 mmol 
Trolox equivalents/g extract). The same trend was also observed in the 
case of the TEAC assay, except that U. pinnatifida showed a higher ac
tivity than C. linum and R. rupestris (p < 0.05). The antioxidant activity, 
as revealed by the values of the coefficient of correlation calculated for 
each algal species, was significantly related to the total lipid content of 
the seaweed extracts (R > 0.9, p < 0.01). In particular, the highest co
efficient of correlation was observed in the case of G. barbata (R =
0.9986, p < 0.01) .

3.3. Total lipid content

Table 3 shows the data concerning the total lipid content of the 
investigated seaweeds. Gongolaria barbata showed the highest (p < 0.05) 
lipid content (30.20 ± 3.20 mg/g dw) followed by G. turuturu with 6.64 
± 0.81 mg/g dw and then by G. dura with 5.20 ± 0.15 mg/g dw and 
R. rupestris (4.84 ± 0.21 mg/g dw). The other seaweed species had a 
total lipid content of approximately 2.40 mg/g dw. As regards the lipid 
classes, phospholipids were the dominant class in G. barbata, G. turuturu 
and H. corona, whereas triglycerides prevailed in the case of G. gracilis, 
G. longissima and G. dura. By contrast, in the case of C. linum and 
R. rupestris the content of triglycerides and phospholipids was similar. A 
high cholesterol concentration was recorded in G. dura (21 %) and a low 
one in R. rupestris and G. barbata.

3.4. Fatty acid profile

Tables 4 and 5 report the fatty acid profiles of total lipids extracted 
from the examined seaweed species. Forty fatty acids, included in the 
range C8:0 - C22:6 ω3, and exceeding a minimum of 0.01 % of total fatty 
acids (FAs), were identified. The main fatty acid profiles of the examined 
algal species are shown in Fig. 2.

The percentages of saturated (SAFAs), monounsaturated (MUFAs) 
and polyunsaturated (PUFAs) fatty acids are reported in Fig. 3.

PUFAs were the most abundant in C. linum reaching a value of 71.97 

± 3.48 % (p < 0.05). In the case of G. turuturu and G. gracilis PUFAs were 
about 38.00 % in U. pinnatifida (33.80 ± 1.40 %), in R. rupestris 27.62 ±
4.42 %, G. barbata 26.14 ± 2.14 % and H. corona, G. dura and 
G. longissima about 15.00 % (Fig. 3 a). Among PUFAs, linoleic acid 
(C18:2 ω6) and Ƴ-linolenic acid (C18:3 ω6), were the most abundant, 
representing 38.46 ± 1.50 %, and 14.00 ± 0.38 % of total FAs, respec
tively in C. linum (p < 0.05) (Fig. 2). Instead, arachidonic acid (AA, 
C20:4 ω6) and eicosapentaenoic acid (EPA, C20:5 ω3) were abundant 
PUFAs in G. turuturu accounting for 9.30 ± 0.45 % and 16.98 ± 0.65 %, 
respectively and EPA reached in this algal species the highest values 
recorded in all the examined seaweeds (p < 0.05). Moreover, docosae
saenoic acid (C22:6 ω3) reached in R. rupestris the value of 3.14 ± 0.67 
%.

MUFAs accounted for 35.17 ± 4.41 % of total FAs in G. dura, 29.08 ±
2.67 % in H. corona, for about 23.00 % in R. rupestris, G. turuturu and 
G. barbata, for 20.34 ± 4.07 % in G. gracilis, 18.60 ± 0.70 % in U. pin
natifida, 16.16 ± 1.15 % in G. longissima and 4.20 ± 0.70 % in C. linum 
(Fig. 3 b) Oleic acid (C18:1 ω9) was the most represented within this 
class, reaching 16.70 ± 0.70 % in U. pinnatifida (p < 0.05). By contrast, 
the lowest value of oleic acid among the examined seaweeds was evi
denced in G. dura (p < 0.05) (Fig. 2).

SAFAs were the most abundant (p < 0.05) in G. longissima, repre
senting for 67.30 ± 3.10 % of total fatty acids (FAs) (Fig. 3 c); palmitic 
acid methyl ester (C16:0) was the prevalent SAFAs (p < 0.05) (41.67 ±
1.81 % of total FAs in this algal species) (Fig. 2). SAFAs reached values 
ranging from 55.49 ± 2.68 % to 23.83 ± 2.17 % in the other species 
examined and the myristic acid methyl ester prevailed (p < 0.05) in 
R. rupestris (16.63 ± 2.05 % of total FAs). Finally, the stearic acid 
(C18:0) was the most abundant fatty acid in H. corona (11.18 ± 0.85 %) 
compared to the other seaweeds (p < 0.05) (Fig. 2).

As regards the ratio between ω3 and ω6 fatty acids, a high value (1.72 
%) was observed for H. corona and a low value (0.34 %) for G. barbata 
(Table 6).

4. Discussion

Recently, research attention has been directed to bio-based high- 
value products. Seaweeds are a reservoir of bioactive compounds with 
biotechnological application in various fields, including human nutri
tion, pharmaceuticals and nutraceuticals (Tahir et al., 2021). In the 
present study, we examined and compared the potential of nine seaweed 
species collected in the Mediterranean Sea (i.e., Northern Ionian Sea) as 
sources of new bioactive compounds in the light of marine bio
prospecting (Tahir et al., 2021). The importance of algae as food sources 
is growing and their potential as sources of lipids, especially fatty acids 
(FA), makes them an interesting raw material for the food and nutra
ceutical industries since their functional benefits go beyond the simple 
nutritional content. Since different algal species have different lipidic 
profiles (Galloway et al., 2012; Rocha et al., 2021; Susanto et al., 2019), 
here we evaluated a few species collected in the Mediterranean Sea and 

Table 2 
Antioxidant activity of the algal lipidic extracts assayed by Trolox Equivalent 
Antioxidant Capacity Assay (TEAC) and Oxygen Radical Absorbance Capacity 
Assay (ORAC) assays (n = 3). All values represent the mean ± standard 
deviation.

Algae Species TEAC (mmol Trolox 
equivalents/g extract)

ORAC (mmol Trolox 
equivalents/g extract)

Chaetomorpha 
linum

37.987 ± 2.297 170.960 ± 16.829

Rama rupestris 37.365 ± 3.990 315.650 ± 51.647
Gracilaria dura 13.981 ± 0.881 84.815 ± 10.925
Gracilaria gracilis 16.296 ± 1.091 160.345 ± 21.248
Gracilariopsis 

longissima
112.257 ± 4.724 525.610 ± 19.672

Grateloupia 
turuturu

ND ND

Hypnea corona 18.428 ± 1.078 79.755 ± 2.029
Gongolaria barbata 225.190 ± 10.981 1009.560 ± 115.174
Undaria pinnatifida 88.773 ± 15.599 ± 20.469

Table 3 
Total lipids (mg/g) dry weight, percentage content of triglycerides (TAG %), 
phospholipids (PL %) and cholesterol (CL %) of the analyzed seaweeds.

Algae Species Total Lipid 
(mg/g)

TAG ( 
%)

PL ( 
%)

CL ( 
%)

Chaetomorpha linum ND 53.00 40.00 7.00
Rama rupestris 4.84 ± 0.21 47.05 37.90 3.80
Gracilaria dura 5.20 ± 0.15 54.30 24.60 21.00
Gracilaria gracilis 2.45 ± 0.25 61.65 31.81 6.54
Gracilariopsis longissima 2.35 ± 0.23 60.20 28.85 13.95
Grateloupia turuturu 6.64 ± 0.81 30.10 64.50 5.40
Hypnea corona 2.48 ± 0.00 26.30 65.70 7.90
Gongolaria barbata 30.20 ± 3.20 41.20 55.10 3.70
Undaria pinnatifida (Tabakaeva 

et al., 2017)
1.07 ± 0.05 ND ND ND
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from the obtained results some interesting issues can be inferred: 

- On average, the examined species had a lipid content between 30.20 
± 3.20 and 1.70 ± 0.05 mg/g dry weight (dw) with G. barbata 
showing the highest value followed by G. turuturu and then by 
G. dura and R. rupestris. It is well known that lipids are essential for 
human health being energy sources. At the same time, they ensure 
the maintenance of cell membrane integrity and an adequate hor
mone production. Moreover, lipids are necessary for the transport 
and absorption of fat-soluble vitamins (i.e., A, D, E, and K). In the 
species G. barbata and G. turutuu, in addition to a high lipid content, 
the highest concentration of phospholipids was also observed. 
Phospholipids are among the major polar lipids of marine macro
phytes and perform protective barrier and intracellular transport 
functions. In humans, they are essential components of cell mem
branes and play a crucial role in maintaining their structure and 
functionality and are also involved in transport and metabolism 
(Lordan et al., 2017). Triglycerides, on the other hand, prevailed in 
G. gracilis, G. dura and G. longissima. Triglycerides are the main form 
of lipid storage in most plant species, as well as in macroalgae 
(Benning et al., 1998) and in humans they are fundamental as a 
source of energy (Barbosa & Siniossoglou, 2024).

- The interest on seaweeds comes also from their content in unsatu
rated fatty acids, ω3 and ω6 polyunsaturated fatty acids and mono
unsaturated fatty acids (El-Beltagi et al., 2022; Lomartire & 
Gonçalves, 2022; Galloway et al., 2012; Rocha et al., 2021). Among 
the examined species, PUFAs prevailed in C. linum followed by 
G. gracilis, G. turuturu, U. pinnatifida and G. barbata while the lowest 
value of PUFAs was recorded in G. dura. Regarding the difference in 
PUFAs content between C. linum and G. dura, it is known that the 
chemical composition of seaweeds can vary depending on their 
species, habitat, maturity, and environmental conditions, as pointed 
out by various authors (Cassani et al., 2022; Vlaisavljević et al., 
2021). Different percentages of PUFAs were found in Chlorophyta 
and Rhodophyta in different marine zones, explained with a different 
adaptation to stress conditions (dos Santos et al., 2021). In the warm 
waters of the Arabian Gulf, Chlorophyta showed considerably higher 
percentages in comparison with Rhodophyta (Al-Adilah et al., 2021). 
The increase in temperature, measured in recent years in the waters 
of the Northern Ionian Sea (Gulf of Taranto), related to climate 
change (Calabrese et al., 2025), could have favoured the significant 
differences in the percentages of PUFAs detected in the two exam
ined species. The high content of PUFAs in C. linum suggest this algal 
species as a source of these fatty acids as already indicated by Stabili 
et al. (2019a) also taking into account the presence of fatty acids of 
ω3 and ω6 series such as linoleic acid (C18:2 ω6) and ɣ-linolenic acid 
(C18:3 ω6), which are involved in several human processes. Linoleic 

Table 4 
Fatty acid profiles of total lipids extracted from the seaweed species examined, 
in particular the species: Chaetomorpha linum, Rama rupestris, Gracilaria dura, 
Gracilaria gracilis and Gracilariopsis longissima. Forty fatty acids were identified, 
ranging in the C8:0 - C22:6 ω3 range, and exceeding a minimum of 0.01 % of 
total fatty acids (FA). Sum of Saturated fatty acids (

∑
SAFA), Monounsaturated 

fatty acids (
∑

MUFA), Polyunsaturated fatty acids (
∑

PUFA), Saturated fatty 
acids Polyunsaturated fatty acids ratios (

∑
PUFA/

∑
SAFA).

C. linum R. rupestris G. dura G. gracilis G. longissima

C8:0 – 0.94 ± 0.07 – – –
C10:0 – 0.05 ± 0.04 – 0.05 ±

0.01
–

C11:0 – – – 0.01 ±
0.01

–

C12:0 – 1.69 ± 0.78 – 0.31 ±
0.13

–

C13:0 – – – 0.05 ±
0.01

–

C14:0 9.00 ±
0.80

16.63 ±
2.05

4.98 ±
0.76

4.87 ±
1.04

9.45 ± 0.30

C15:0 – – 0.36 ±
0.08

0.85 ±
0.22

2.31 ± 0.10

C16:0 13.83 ±
1.00

26.61 ±
2.58

39.86 ±
2.41

30.41 ±
2.10

41.67 ± 1.81

C17:0 – 0.28 ± 0.08 0.99 ±
0.05

0.57 ±
0.21

1.84 ± 0.20

C18:0 1.00 ±
0.10

0.72 ± 0.26 1.72 ±
0.63

2.78 ±
0.41

5.21 ± 0.31

C20:0 – 0.51 ± 0.18 1.88 ±
0.52

0.30 ±
0.12

3.62 ± 0.31

C21:0 – 0.59 ± 0.27 – – –
C22:0 – – 1.08 ±

0.09
0.32 ±
0.12

1.45 ± 0.01

C23:0 – – 1.33 ±
0.11

0.08 ±
0.02

1.75 ± 0.01

C24:0 – – – 0.20 ±
0.03

–

∑SAFA 23.83 ± 
2.17

48.02 ± 
4.84

52.20  
± 4.45

40.80 ± 
4.29

67.30 ± 3.10

C14:1 – 0.38 ± 0.08 26.28 ±
2.20

0.56 ±
0.16

1.96 ± 0.20

C15:1 – – – 0.07 ±
0.02

–

C16:1 – 6.33 ± 0.19 2.32 ±
0.56

5.56 ±
1.66

2.91 ± 0.10

C16:1 ω7 – – – – –
C17:1 – 0.65 ± 0.08 – 0.43 ±

0.18
–

C18:1 ω9t – 3.82 ± 1.90 – 3.73 ±
0.76

–

C18:1ω9c 4.10 ±
0.50

13.07 ±
0.68

2.86 ±
0.88

9.51 ±
1.83

8.47 ± 0.60

C18:1 ω7 – – 1.11 ±
0.27

– 0.93 ± 0.01

C20:1 – – – 0.28 ±
0.03

–

C21:1 – – – 0.03 ±
0.01

–

C20:1 ω9 – – 2.60 ±
1.75

– 1.89 ± 0.21

C24:1 ω9 – 0.11 ± 0.04 – – –
C24:1 – – – 0.17 ±

0.05
–

∑MUFA 4.20 ± 
0.70

24.36 ± 
2.73

35.17  
± 4.41

20.34 ± 
4.07

16.16 ± 1.15

C18:2 ω6t 38.00 ±
1.50

1.83 ± 0.79 1.62 ±
0.42

– 1.60 ± 0.20

C18:2 ω6c – 4.41 ± 0.79 – 3.15 ±
0.42

–

C18:3 ω3 – 11.25 ±
1.02

0.48 ±
0.17

1.51 ±
0.77

1.67 ± 0.10

C18:3 ω6 14.00 ±
0.38

0.89 ± 0.16 1.85 ±
0.45

– 1.46 ± 0.01

C18:4 ω3 – - – – –
C20:2 ω6 – 2.19 ± 0.18 – – –
C20:2 – – 0.95 ±

0.12
0.24 ±
0.11

1.80 ± 0.32

Table 4 (continued )

C. linum R. rupestris G. dura G. gracilis G. longissima

C20:3 ω6 – 0.93 ± 0.12 0.95 ±
0.10

0.51 ±
0.09

–

C20:3 ω3 
+ C22:1

– – 0.76 ±
0.12

2.12 ±
0.93

1.17 ± 0.32

C20:4 ω6 8.14 ±
0.70

0.90 ± 0.17 1.13 ±
0.25

30.61 ±
2.24

2.26 ± 0.11

C22:2 – 0.63 ± 0.34 1.38 ±
0.20

– 1.35 ± 0.01

C20:5 ω3 8.83 ±
0.60

1.45 ± 0.39 1.14 ±
0.25

0.42 ±
0.21

2.84 ± 0.33

C21:4 ω9 – – – – –
C22:6 ω3 2.91 ±

0.50
3.14 ± 0.67 2.37 ±

0.89
0.30 ±
0.06

1.85 ± 0.21

∑PUFA 71.97 ± 
3.48

27.62 ± 
4.42

12.63  
± 2.51

38.86 ± 
3.43

16.54 ± 1.24

∑PUFA/ 
∑SAFA

3.02 ± 
1.60

0.58 ± 
0.13

0.24 ± 
0.11

0.95 ± 
0.59

0.25 ± 0.04
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acid helps in keeping the skin impermeable to water, in reducing 
cholesterol levels, and in controlling the glucose homeostasis 
(Hamilton & Klett, 2021). Scientific data show that linolenic acid 
improves insulin resistance and glucose tolerance in obese diabetic 
and non-diabetic subjects and that ɣ-linolenic acid has a positive 
impact on diabetic nephropathy by reducing inflammation and 
fibrosis (Kim et al., 2012; Sneddon et al., 2008). On account of these 
features the potentiality of C. linum in the production of fortified food 
was already proposed (Stabili et al., 2019a). Furthermore, the pres
ence of arachidonic acid (AA, C20:4 ω6) and eicosapentaenoic acid 

(EPA, C20:5 ω3) in G. turuturu is also noteworthy. These results are in 
agreement with the studies of da Costa et al. on G. turuturu (da Costa 
et al., 2021). Specimens of this species collected in Brittany and 
Portugal showed the highest content of PUFAs among the lipids, in 
particular eicosapentaenoic acid (EPA), commonly derived from fish, 
and arachidonic acid (Denis et al., 2010; Kendel et al, 2012, 2013; 
Munier et al., 2013). EPA has been well documented for its health 
benefits, triggering the production of anti-inflammatory mediators, 
such as cytokines and eicosanoids (Calder, 2006). In addition, this 
fatty acid showed antimicrobial (Simopoulos, 1999) and antioxidant 
activities (Bowen et al., 2016) resulting effective in avoiding car
diovascular infections and recurrent illnesses (de Roos et al., 2009; 
Lee et al., 2013). Furthermore, da Costa et al. (2021) reported a total 
lipid content of G. turuturu for specimens from Portugal accounting 
for 0.88 ± 0.25 g/100 g of biomass in dry weight (dw). Therefore, 
our results indicating a value of 0.600 ± 0.081 g/100 g dw are 
consistent with data from the literature (ca. 0.7 %, up to 4.0 % dw), 
also for other species of the same genus (Floreto & Teshima, 1998; 
Kendel et al., 2015; Hotimchenko, 2002; Perfeto, 1998) and in line 
for that of other red seaweeds (da Costa et al., 2017; Fleurence et al., 
1994; Kumari et al., 2010; Lopes et al., 2019). Moreover, da Costa 
et al. (2021) determined a ω6/ω3 corresponding to a value of 0.87 ±
0.01, similar to the one recorded in the present study accounting for 
0.80 ± 0.02. The interesting nutritional value of G. turuturu extracts 
was corroborated by the 

∑
PUFA/

∑
SAFA ratio calculated in the 

present work and corresponding to 1.01 ± 0.04 as it was greater than 
the recommended threshold 0.45, as well as by its ω6/ω3 ratio (< 1). 
These data are consistent with those previously observed in Grate
loupia spp. (Rodrigues et al., 2015) and other red seaweeds (Lopes 
et al., 2019) and have been associated with human health benefits, 
such as the prevention of noncommunicable and cardiovascular 
diseases (Calder, 2017; Calder et al., 2009). Actually, all the exam
ined seaweeds proved to be an excellent wellspring of PUFAs with a 
ω6 FA: ω3 FA ratio less than 10 which is largely recommended by the 
WHO to avoid inflammatory, cardiovascular and neuro-chronic 
sickness (Kumari, 2010; Santos et al., 2020; Shanab et al., 2018). 
The World Health Organization (WHO) suggests that a balanced ω6 
to ω3 fatty acid ratio in the diet is beneficial for health and many 
experts recommend a range between 1:1 and 4:1 (ω6 to ω3). This 
ratio can be achieved through the consumption of foods rich in both 
ω3 and ω6 fatty acids. A balanced intake of these essential fats is 
important for overall health and well-being. Thus, the ω6/ω3 ratio of 
all seaweed species addressed in the present work suggests that their 
introduction in diets may be beneficial from a nutraceutical 
perspective (Oktanella et al., 2024). The ω6/ω3 fatty acid ratio is a 
critical metric for assessing the benefits of PUFAs. Previous studies 
showed that a 3/1 to 5/1 ω6/ω3 fatty acid ratio lowers the risk of 
breast, prostate, colon, and renal cancers (Simopulos, 2002; Zárate 
et al., 2017). In other cases, the ω6/ω3 fatty acid ratio of 2/1 to 3/1 
was found to minimize inflammation in rheumatoid arthritis pa
tients. A 5/1 ratio, for example, was shown to be effective in asthma 
patients (Zárate et al., 2017). In the present paper a 1/1 ω6/ω3 fatty 
acid ratio was recorded for G. turuturu, a ratio of 3/1 for C. linum and 
a ratio of approximately 2/1 for U. pinnatifida. In the case of C. linum 
and U. pinnatifida the PUFA/SAFA ratio was to 3.02 ± 0.20 and 0.73 
± 0.01 respectively. Therefore, in terms of the most suitable sea
weeds among the studied ones that would be suitable in the industry 
of fortified food and in nutraceuticals it is important to consider the 
potential cumulative benefits that would arise from low overall 
ω6/ω3 ratios in combination with low SAFA contents (higher 
∑

PUFA/
∑

SAFA ratios). Therefore, we judge G. turuturu and 
C. linum could be the species among the studied seaweeds gathering 
the mentioned characteristics, followed by U. pinnatifida (Rocha 
et al., 2021; Tabakaeva & Tabakaeva, 2017).

- Another interesting application of fatty acids from algae could be 
related to their employment as antibacterial means (El Amrani 

Table 5 
Fatty acid profiles of total lipids extracted from the algal species examined, in 
particular the species: Grateloupia turuturu, Hypnea corona, Gongolaria barbata 
and Undaria pinnatifida. Forty fatty acids were identified, ranging in the C8:0 - 
C22:6 ω3 range, and exceeding a minimum of 0.01 % of total fatty acids (FA). 
Sum of Saturated fatty acids (

∑
SAFA), Monounsaturated fatty acids (

∑
MUFA), 

Polyunsaturated fatty acids (
∑

PUFA), Saturated fatty acids Polyunsaturated 
fatty acids ratios (

∑
PUFA/

∑
SAFA).

G. turuturu H. corona G. barbata U. pinnatifida 
(Tabakaeva et al., 
2017)

C8:0 – – – –
C10:0 – – – –
C11:0 – – – –
C12:0 0.84 ± 0.08 0.54 ± 0.16 0.66 ± 0.17 –
C13:0 – 0.36 ± 0.12 1.02 ± 0.17 –
C14:0 3.24 ± 0.32 10.04 ±

0.70
6.92 ± 0.13 9.90 ± 0.30

C15:0 – – – 2.40 ± 0.10
C16:0 30.55 ±

1.10
33.00 ±
0.69

36.58 ±
0.65

28.90 ± 1.10

C17:0 – 0.09 ± 0.16 1.05 ± 0.30 –
C18:0 3.12 ± 0.14 11.18 ±

0.85
4.18 ± 0.29 4.00 ± 0.10

C20:0 – – 1.28 ± 0.44 1.10± 0.03
C21:0 – – – –
C22:0 – – – –
C23:0 – 0.27 ± 0.09 0.13 ± 0.01 –
C24:0 – – – –
∑SAFA 37.76 ± 

1.64
55.49 ± 
2.68

51.82 ± 
2.15

46.30 ± 1.90

C14:1 1.35 ± 0.12 4.78 ± 1.05 3.04 ± 0.22 –
C16:1 2.79 ± 0.18 12.51 ±

0.38
3.47 ± 0.60 –

C16:1 ω7 – – – 1.90 ± 0.07
C17:1 – 0.54 ± 0.04 0.93 ± 0.06 –
C18:1ω9t 11.02 ±

0.73
3.90 ± 0.15 7.48 ± 0.48 16.70 ± 0.70

C18:1ω9c 8.29 ± 0.38 6.82 ± 0.88 7.12 ± 0.47 –
C18:1ω7 – – – –
C20:1ω9 0.32 ± 0.15 0.15 ± 0.02 – –
C24:1ω9 0.47 ± 0.10 0.38 ± 0.15 – –
∑MUFA 24.24 ± 

1.66
29.08 ± 
2.67

22.04 ± 
1.85

18.60 ± 0.70

C18:2ω6t 1.88 ± 0.11 0.77 ± 0.28 6.22 ± 0.63 4.80 ± 0.10
C18:2ω6c 2.39 ± 0.14 0.10 ± 0.17 – –
C18:3ω3 0.73 ± 0.05 1.82 ± 0.18 0.22 ± 0.05 1.30 ± 0.05
C18:3ω6 1.42 ± 0.07 1.11 ± 0.14 7.19 ± 0.33 10.70 ± 0.40
C18:4ω3 – – – 2.50 ± 0.10
C20:2 0.97 ± 0.05 1.04 ± 0.18 1.31 ± 0.24 –
C22:0 +

20:3ω6
1.06 ± 0.07 0.98 ± 0.25 – –

C20:3ω3 +
C22:1

0.24 ± 0.21 1.46 ± 0.27 – –

C20:4ω6 9.30 ± 0.45 2.33 ± 0.29 4.86 ± 0.22 5.80 ± 0.20
C22:2 0.96 ± 0.08 – 0.30 ± 0.11 –
C20:5ω3 16.98 ±

0.65
3.79 ± 0.21 4.46 ± 0.20 8.60 ± 0.20

C21:4ω9 – – – 0.10 ± 0.04
C22:6ω3 2.05 ± 0.11 2.04 ± 0.07 1.58 ± 0.36 –
∑PUFA 38.00 ± 

1.54
15.44 ± 
2.03

26.14 ± 
2.14

33.80 ± 1.40

∑PUFA/ 
∑SAFA

1.01 ± 0.04 0.28 ± 
0.08

0.50 ± 
0.27

± 0.33
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Zerrifi et al., 2018; Stabili et al., 2012, 2014). Previous studies on the 
here examined species were conducted by using different extracts. In 
particular, crude extract as in the case of R. rupestris from India 
showed an antibacterial activity against Escherichia coli and Pseudo
monas aeruginosa (Krish & Das, 2014); aqueous and ethanolic ex
tracts, as in the case of G. gracilis were capable of inhibiting several 

Aeromonas species, Fotobatterio damselae, Yersinia ruckeri, Edwarsiella 
piscicida and Bacillus subtilis (Afonso et al., 2021, Capillo et al., 2018); 
ethanolic and polysaccharidic extracts as in the case of G. turuturu 
from Portuguese coasts showed antibacterial activity against Staph
ylococcus aureus, E. coli and Candida albicans (Cardoso et al., 2019; 
Félix et al., 2021; Zengin et al., 2024). Moreover, methanolic, ethyl 
acetate and hexane extracts of H. corona from the Red Sea (Egypt) 
were capable to act against Staphylococcus aureus, Salmonella spp., 
Aeromonas hydrophila, Pseudomonas aeruginosa, E. coli and Edwar
siella tarda. Antibacterial activity of H. corona crude extract from the 
Italian coasts was evidenced against P. aeruginosa and S. aureus 
(Zamurro et al., 2022). Gongolaria barbata from the Red Sea was 
active against S. aureus and B. subtilis, P. aeruginosa, Candida albicans 
and Serratia marcescens (Abdel-Raouf et al., 2017). Finally, meth
anolic extract form U. pinnatifida collected in Asian regions showed 
antibacterial activity against S. aureus and Salmonella typhimurium 
(Patra et al., 2017). By contrast the here examined species of the 
Mediterranean Sea were never examined for the antibacterial ac
tivity of the methanolic lipidic extract, therefore the present paper 
represents a first insight on this topic. In seaweeds, oleic, linoleic, 

Fig. 2. Profiles of the main fatty acids are present in the examined algal species. Each column represents the mean value ± standard deviation (n=3).

Fig. 3. Percentages of (a) polyunsaturated ( % PUFAs), (b) monounsaturated ( % MUFAs) and (c) saturated ( % SAFAs) fatty acids in the examined algal species.

Table 6 
Percentage of ω3 ( %), ω6 ( %), ω6/ω3 and ω3/ω6 ratio in the investigated 
seaweeds.

Algae Species ω3 ( %) ω6 ( %) ω6/ω3 ω3/ω6

Chaetomorpha linum 25.74 60.14 2.34 0.43
Rama rupestris 15.84 11.26 0.71 1.41
Gracilaria dura 4.75 5.55 1.17 0.86
Gracilaria gracilis 4.80 36.07 7.51 0.13
Gracilariopsis longissima 7.53 7.12 0.95 1.06
Grateloupia turuturu 20.01 16.06 0.80 1.25
Hypnea corona 9.11 5.29 0.58 1.72
Gongolaria barbata 6.26 18.27 2.92 0.34
Undaria pinnatifida 12.40 21.30 1.72 0.58
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linolenic and eicosapentaenoic acids represent the major component 
of UFAs, exerting antibacterial activity capable to inhibit pathogenic 
bacterial growth (Cardoso et al., 2017; Ismail et al., 2018; Stabili 
et al., 2014). These properties seem to be due to the capacity of the 
above mentioned long chain PUFAs to interfere in the bacterial FAs 
synthesis, and are associated with incubation time, concentration 
and FAs unsaturation degree (Ismail et al., 2018). In this study, we 
analyzed a wide range of microbial strains taking into account the 
potential implication in the seaweed exploitation for the research of 
antimicrobials active against humans and marine organisms. Obvi
ously, having considered 30 different microbial strains and nine 
seaweed species, we arrived at 270 tests and 14 % of them gave us 
positive results. As regards the antibacterial activity, all the algal 
lipidic extracts were able to inhibit the growth of at least one Vibrio 
species, including some aquaculture pathogens. In particular, 
C. linum lipidic extract exerted an antibacterial activity against Vibrio 
ordalii and V. vulnificus. The antibacterial activity seems to be related 
to the presence of linoleic acid present at high density (about 38.00 
% recovered by gas chromatography analysis), as already reported 
by Stabili et al. (2019a). The growth of V. ordalii and V. vulnificus, by 
in vitro assay, was in fact inhibited by pure α-linoleic acid. In 
particular, 0.009, 0.018, 0.035, 0.051, 0.067, 0.082 mg/mL of 
α-linoleic acid in ethanol were used and Vibrio growth inhibition was 
recorded starting from 0.018 mg/mL. (Stabili et al., 2014, 2019a). As 
regard the antibacterial activity against vibrios exerted by 
R. rupestris, G. dura, G. gracilis, G. longissima, G. turuturu, G. barbata, 
H. corona, and U. pinnatifida, since the analysis of fatty acid methyl 
esters by gas chromatography showed that palmitic acid methyl ester 
(C16:0) was the predominant saturated fatty acid in all the 
above-mentioned seaweeds, it is therefore reasonable to hypothesize 
its involvement in the observed antibacterial activity. Palmitic acid is 
indeed another SFA example showing antibacterial activity towards 
Gram-positive and Gram-negative bacteria (Elgendy et al., 2024; 
Ismail et al., 2018). Recently, it has also been highlighted that 
antibacterial activity related to fatty acids and palmitic acid repre
sents a promising option for developing the next generation of 
antibacterial agents to treat a broad spectrum of bacterial infections 
(Casillas-Vargas et al., 2021). For example, palmitic acid has been 
encapsulated in liposomal vectors that show bactericidal activity 
against multidrug-resistant Staphylococcus epidermidis and 
vancomycin-resistant Enterococcus faecalis (Cheung et al., 2016). In a 
previous study conducted by Stabili et al. (2014) it was already 
demonstrated that palmitic acid is responsible for the antibacterial 
activity observed in Cladophora rupestris, thus supporting its 
involvement in the inhibition of Vibrio growth also observed in the 
present study. The aquaculture industry is one of the fastest growing 
industries globally worldwide (Ibrahim et al., 2020; Kumar et al., 
2021a; Kumar et al., 2021b; Sarkar et al., 2022). Animals reared in 
aquaculture facilities can often be infected by several vibrios 
responsible for the most common animal and human diseases known 
as vibriosis (Beleneva et al., 2004; de Souza Valente & Wan, 2021; 
Marques et al., 2022) responsible for heavy economic losses. In 
particular, Vibrio ordalii is responsible for worldwide severe hae
morrhagic septicaemia leading to mortality in fish including cultured 
Atlantic salmon, Pacific salmon, rainbow trout, rockfish and gilthead 
sea bream (Colquhoun et al., 2024). Vibrio vulnificus is an opportu
nistic bacterium causing human diseases (Jones & Oliver, 2009; Kim 
& Kim, 2002) and is associated with a wide variety of seafood. This 
microorganism is a particularly difficult problem for the shellfish 
industry, as the disease caused by ingestion of this pathogen is 
frequently highly lethal, being responsible for several 
seafood-related deaths (Kim & Kim, 2002; Kim et al., 2007). Vibrio 
aestuarinus has been isolated, for the first time, from estuarine waters 
and shellfish from the Oregon coast (Tison & Seidler, 1983). In 
several European countries, the cause of mortality outbreaks in Pa
cific oysters, Crassostrea gigas, was ascribed to this pathogen (Lupo 

et al., 2019). Vibrio furnissii, Vibrio diazotrophicus, V. mediterraneii and 
V. metschnikovii are other pathogen bacteria commonly present in 
marine waters and organisms (Hansen, 1993; Jensen & Jellinge, 
2014; Konechnyi et al., 2021; Linde et al., 2004; Pariente Martín 
et al., 2008). In particular, the consumption of either fresh or 
undercooked Vibrio furnissii infected bivalve molluscs, as well as the 
contact with warm and high bacterial loaded marine waters, can 
cause acute gastroenteritis in humans (Ahmed, 1991; Ballal et al., 
2017). Vibrio diazotrophicus, lives both in water and sediments, as 
well as in the digestive tract of some marine animal, firstly isolated 
from gastrointestinal tract of sea urchins (Fleming et al., 2021; 
Guerinot et al., 1982; Joublin-Delavat et al., 2022). As an opportu
nistic pathogen, in infected larvae of the sea urchin Strongylocentrotus 
purpuratus, it can seriously undermine their survival with potential 
ecological relapses (Stabili et al., 2023a). The species V. mediterranei, 
has been considered responsible for mass mortality in larvae and 
juveniles of bivalves in hatcheries (Fan et al., 2023). Furthermore, 
within the Mediterranean basin, this bacterial species is also recog
nized as a pathogen for the noble pen shell Pinna nobilis (Andree 
et al., 2021) as well as the causative agent of the yellow spot disease 
of seaweeds of the genus Pyropia (Yang et al., 2020). Vibrio metsch
nikovii, is able to colonize shellfish and produce infections in fish. 
Finally, Vibrio fischeri, isolated from pond water of shrimp farms in 
southern India during some mass mortality events due to shell dis
ease, showed a moderate pathogenicity (Manilal et al., 2010). 
Traditionally, to avoid Vibrio infections, a massive prophylactic use 
of antibiotics has been implemented in aquaculture facilities. To 
reduce the consequences on human health and ecosystems related to 
the excessive use of antibiotics, the exploration of innovative and 
sustainable additives is essential. Indeed, antibiotic residues remain 
in aquaculture products causing health problems to consumers and, 
last but not least, huge amounts of these chemicals are released into 
the environment (Sanches-Fernandes et al., 2022). This is particu
larly important, since providing food for humans and guarding the 
planet from decline are two important goals to be achieved according 
to the 2030 United Nations (UN) Agenda of Sustainable Development 
Goals (SDGs) (Stabili et al., 2024; UN, 2018). In this scenario, 
seaweed represents a sustainable bioresource (Pérez et al., 2016; 
Stabili et al., 2024), and the above-mentioned seaweed species could 
be good candidates for use in this field.

- Among human pathogens antibacterial activity was recorded only in 
the case of few lipidic extracts and in particular for R. rupestris 
against Enterococcus sp., and Streptococcus agalactiae, for H. corona 
against Enterococcus sp., for G. barbata towards Pseudomonas aerugi
nosa and for U. pinnatifida towards Staphylococcus sp. The antibac
terial activity recorded against Streptococcus agalactiae is noteworthy 
since S. agalactiae (Group B Streptococcus [GBS]) is a Gram-positive 
opportunistic human pathogen and the worst evidence of disease 
occurs mainly in neonates and women in the postpartum period 
(Gergova et al., 2024; Silva et al., 2020). It is indeed a major cause of 
neonatal mortality. When populating the lower genital tract of 
pregnant women, GBS can generate premature labor and stillbirths. 
However, it can influence life-threatening diseases, including sepsis, 
meningitis and pneumonia, especially if transmitted to the newborn. 
Due to the increasing resistance of GBS to generally used macrolides 
(Betriu et al., 2004), the algal species R. rupestris could be used in 
human care as a tool for pharmaceutical preparations useful for GBS 
control as already suggested by Stabili et al. (2014).

- The problem of antibiotic resistance is also related to several bacte
rial pathogens, including Enterococcus faecium, Staphylococcus aureus, 
and Pseudomonas aeruginosa, commonly associated with antimicro
bial resistance and denoted by their acronym ESKAPE (Boccella 
et al., 2021). Antimicrobial resistance is increasing at a rate that is 
difficult to manage and has become the major public health threat of 
the 21st century. Over 40 countries have shared their AMR surveil
lance reports with the World Health Organization (WHO), 
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highlighting its criticality (Global Antimicrobial Resistance Surveil
lance System (GLASS) report, 2018). Consequently, rapid and 
effective alternatives to conventional antibiotics are needed to 
circumvent this problem (Bhowmick et al., 2020). In particular, 
seaweeds are abundant reserves of bioactive compounds whose 
immense potential can no longer be overlooked. In this scenario we 
performed our tests also on this kind of bacteria. Interestingly the 
algal extract of Cystoseira barbata, isolated from the coastal waters of 
the Red Sea (Safaga, Egypt), demonstrated potent activity against 
Bacillus subtilis, Staphylococcus aureus, Serratia marcescens, Pseudo
monas aeruginosa and Candida albicans (Neveen et al., 2017). Tested 
algal extracts of H. corona, collected from the Red Sea (Hurghada, 
Egypt), also showed antibacterial potential against human and fish 
pathogenic bacteria, such as Staphylococcus aureus, Salmonella spp., 
Vibrio anguillarum, Aeromonas hydrophila, Pseudomonas aeruginosa, E. 
coli and Edwarsiella bagna. (Aboul-Ela et al., 2021). In contrast, no 
data are available on these algal species in the Mediterranean; 
furthermore, apart from our investigations, no studies are available 
on R. rupestris. Therefore, the antibacterial activity exerted by 
R. rupestris, G. barbata and H. corona against the above-mentioned 
antibiotic-resistant bacteria is new a promising challenge on this 
topic. Noteworthy, the here evidenced antibacterial activity exerted 
by the lipidic extract of U. pinnatifida against Staphylococcus sp. is in 
agreement with other studies reporting an activity of the 
U. pinnatifida extract against Staphylococcus aureus ATCC 6538 
(González-Ballesteros et al., 2023).

- None of the yeasts (e.g. C. albicans, C. famata and C. glabrata) tested 
with the lipid extract of the selected seaweed species showed sensi
tivity. This could be due to the composition of their cell wall, 
different from that of bacteria and in particular Vibrio (Pepper et al., 
2011). Another explanation could be the polarity of the extraction, 
since in the present study we investigated the antibacterial activity of 
the lipid extract, but further explorations will be needed to evaluate 
whether the crude extract or the aqueous extract of these algal spe
cies could prove effective on other microorganisms, including yeasts, 
or capable of other interesting biological activities. As an explana
tion, Barletta et al. (2024) evidenced an antibacterial activity of the 
hydroalcoholic C. linum extract against Enterococcus faecalis not here 
recorded for the lipidic extract of the same algal species.

- Another interesting result transpired from the analysis of the lipid 
extract of the selected seaweeds was the presence of an in vitro 
antioxidant activity. TEAC and ORAC assays were jointly used to 
assess this antioxidant capacity because the use of a single method 
for the detection of antioxidants could underestimate or even over
look their content (Huang et al., 2005; Prior et al., 2005). TEAC and 
ORAC assays are two popularly used tests based on two different 
reaction mechanisms, electron transfer and hydrogen atom transfer, 
respectively. In the present work the higher ORAC values compared 
to TEAC reported in Table 2 are in agreement with literature reports. 
Zulueta et al. (2009) suggested that ORAC test shows higher speci
ficity than TEAC and measures antioxidant activity of several com
pounds in addition to phenolic molecules. Previous studies have 
demonstrated that compounds with potent antioxidant activity have 
been found in brown, red and green algae. Seaweeds are a source of 
natural antioxidant molecules: polysaccharides, polyphenols, carot
enoids (β-carotene and astaxanthin) phycocyanin, and phycoery
thrin. Moreover, a contribution of chlorophylls can be invoked on the 
in vitro tested antioxidant capacity as already demonstrated in the 
case of plant extract, virgin olive oils, green tea and some algae 
(Michalak et al., 2022). As reported by Tenorio-Rodriguez et al. 
(2017), the total phenolic content of brown seaweeds was signifi
cantly higher than red and green seaweeds suggesting that higher 
total phenolic content can result in higher antioxidant capacity. Our 
antioxidant activity assays on different seaweeds species from the 
Ionian Sea population confirm the above reported studies as the 
highest value has been measured for G. barbata species belonging to 

Heterokontophyta phylum. Therefore, the results obtained suggested 
that the antioxidant activity might be due to the presence of polar 
phenolic compounds in this macroalgal extract. Moreover, results 
here reported demonstrated a positive correlation between antioxi
dant activity and total lipid content in the seaweeds extracts higher 
for G. barbata in comparison to the other analysed species. This 
positive correlation is supported by literature data. In particular, 
studies on Codium fragile, Ulva lactuca and Eisenia arborea investi
gated the antioxidant activity and lipid profile, demonstrating that 
methanolic extracts showed a potent antioxidant activity (Raja et al., 
2016). Furthermore, Santos et al. (2020) reported a correlation be
tween lipid content and antioxidant activity of the seaweeds Bifur
caria bifurcata and Sargassum muticum collected along the Portuguese 
coast. As reported by Jakobek (2015) lipids interact with poly
phenols and have a protective effect. Moreover, Cerón et al. (2007)
demonstrated that the fatty acid profile contributes to the antioxi
dant capacity of algal lipid extract. The antioxidant capacity of ca
rotenoids that have been esterified with oleic acid is higher than that 
of free carotenoids. Oleic acid was here identified by CG analysis in 
the algal lipid extracts, and thus it could be involved in the evidenced 
activity. The antioxidant activities highlighted here suggest the use 
of the studied seaweeds as a source of natural antioxidants, also 
considering the safety concerns of synthetic antioxidants. Algal lipid 
extracts could be used in the formulation of drugs useful in the 
treatment of numerous diseases, since oxidative stress is involved in 
the pathogenesis of atherosclerosis, alcoholic liver cirrhosis, cancer, 
etc. and it is triggered by free radicals, especially reactive oxygen 
species (ROS) against which antioxidant compounds act. It is pre
sumable that in the examined seaweeds this activity could be related 
to the carotenoid and phenolic molecules.

Due to the increasing demand for seaweeds, more frequent and 
widespread harvests could affect the sustainability of these practices. 
Therefore, the development of species-specific cultivation strategies in 
Integrated Multitrophic Aquaculture (IMTA) systems has the potential to 
contribute to environmental sustainability (Choudhary et al., 2025; Hala 
et al., 2024; Rusco et al., 2024; Yang et al., 2025). In this context, we 
have already achieved the cultivation of C. linum at pre-industrial scale 
in an IMTA system set up in a mariculture farm in the Gulf of Taranto 
(Southern Italy, Ionian Sea, Mediterranean Sea), where bioremediator 
organisms such as macroalgae, polychaetes, sponges and mussels were 
farmed in proximity to the fish cages. The estimated algal biomass 
production in this IMTA system is about 0.84 t per annual cycle 
(Borghese et al., 2025; Giangrande et al., 2020; Stabili et al., 2019b, 
2023b, 2024) and represents a bioremediation co-product with potential 
applications in different fields. In particular, 1400 Kg of algal biomass 
were able to degrade nitrogen and phosphorus salts that derive from fish 
excretions and every 100 ha it is possible to obtain a removal of 80 % of 
the nitrogen load produced. If this same strategy was applied to several 
of the seaweeds examined in this work and spread along the Mediter
ranean coasts, it could lead to two interesting issues related to the dual 
contextual use of cultivated macroalgal species as i) bioremediators in 
an aquaculture scenario and ii) sources of bioactive compounds useful 
for animal and human nutrition, as well as in the nutraceutical and 
pharmaceutical sectors (Tahir et al., 2021). IMTA is indeed an 
eco-friendly practice that aims to mitigate overharvesting and reduce 
the risk of invasive species by integrating different aquatic organisms in 
a way that mimics natural ecosystems (Khan et al., 2024). It is well 
known that overharvesting can deplete targeted populations affecting 
the balance of ecosystems, but, obviously, the management of the IMTA 
system must avoid the exploitation and overexploitation of bio
remediating organisms. In particular, the cultivation/rearing of bio
remediators in the IMTA system must allow to reach a high biomass 
starting from a sustainable harvesting strategy that includes the intro
duction of catch limits, size restrictions and seasonal closures. As regard 
invasive species these can outcompete native species, alter habitats and 
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potentially introduce diseases. Therefore, the IMTA system must care
fully choose the species to introduce into a farm, avoiding, for example, 
the cultivation of invasive species for the Mediterranean such as Undaria 
pinnatifida, and must implement monitoring plans to minimize the risk 
of invasive introductions.

5. Conclusion

In the present study, for the first time, nine algal species collected in 
the Mediterranean Sea (Italy) were compared by investigating their 
antibacterial and antioxidant activities and total lipid and fatty acid 
profiles. The results obtained are very interesting and represent a 
perspective for their potential exploitation. Noteworthy, all the algal 
lipid extracts exerted antibacterial activity against different Vibrio spe
cies, including aquaculture pathogens, suggesting their potential 
exploitation to control vibriosis and to reduce public health risks related 
to antibiotic use in aquaculture. Furthermore, the lipidic extracts of 
H. corona, G. barbata, R. rupestris and U. pinnatifida were effective against 
some emerging human pathogens exerting antibiotic resistance such as 
Enterococcus sp., Staphylococcus sp., Streptococcus agalactiae and Pseu
domonas aeurginosa. suggesting their potential employment in the 
pharmaceutical field as a promising challenge. Antibiotic resistance, in 
fact, currently represents the most serious global threat to the effective 
treatment of bacterial infections and therefore from the above- 
mentioned algae it is possible to obtain safer alternative antibacterial 
drugs which therefore represent an innovative solution in the light of the 
“Blue Growth”. The seaweeds investigated also show an interesting 
antioxidant activity with the highest value recorded for G. barbata. This 
activity was significantly correlated to the total algal lipid content 
leading to hypothesize the employment of the algal lipid extract in the 
field of nutraceuticals and cosmetics, since natural antioxidants play an 
important role against various pathologies and the aging process, pro
tecting cells from oxidative damage. Finally, all the examined seaweeds 
exerted an optimal ω6/ω3 ratio and in particular C. linum, G. turuturu 
and U. pinnatifida, on account of their high-quality fatty acid profiles, 
with also noteworthy 

∑
PUFA/

∑
SFA ratios, resulted in the most suit

able seaweeds that would be exploitable in the fortified food sector in 
accordance with international health recommendations. In the near 
future, we will aim to optimize the extraction of bioactive substances 
from the examined seaweeds, performing integrated analytical ap
proaches (e.g. HPLC, GC–MS and LC-MS techniques) in order to consider 
their possible biotechnological uses. Furthermore, based on a previous 
positive experience on the cultivation of C. linum in an IMTA system 
implemented in the Mediterranean area, we suggest the cultivation of 
the selected promising seaweeds in a sustainable aquaculture scenario, 
in order to avoid the overharvesting of marine resources. Therefore, this 
study represents a contribution to the expected progress in Europe of 
new production chains related to the use and valorization of algal 
resources.
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