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ABSTRACT: In recent years, scientists have become interested in marine macroalgae, which Published Online:
represent a rich source of bioactive substances. These molecules are characterized by a multitude of 18 November 2023
forms and structures and have several biological activities. The present study aims to characterize
the three brown algae Bifurcaria bifurcata, Cystoseira gibraltarica and Fucus spiralis. These were
collected in the region of Cap Ghir north of Agadir. The results obtained show that the mineral
analyses of the extracts of F. spiralis, B. bifurcata and C. gibraltarica highlighted the richness of
these brown algae in macroelements (Ca, K, P, Na, N). Concerning the total sugar content of C.
gibraltarica shows a significant difference with the other two algae B. bifurcata and F. spiralis and
has the highest content. For the protein content, no significant difference was recorded between the
three algal extracts. Indeed, the aqueous extract of C. gibraltarica has a protein content of 48.44
mg/g DM, the aqueous extract of F. spiralis showed an average protein content of 45.55 mg/g DM,
and that of the aqueous extract of B. bifurcata is 44.03 mg/g DM. The three brown algae C.
gibraltarica, B. bifurcata and F. spiralis have consistent levels of organic matter. F. spiralis and C.
gibraltarica have significantly equivalent organic matter contents (73.74 and 73.44 g/100g DM,
respectively). In this study, the analysis of total phenols shows that F. spiralis presents a significant
difference with the two other algae and has the highest content (7.2 pg/mg dry matter). In general
and whatever the method of flavonoid determination, the flavonoid content of the three algae is
significantly different. The methanolic extract of F. spiralis shows the highest flavonoid content,
followed by B. bifurcata. While the lowest content is presented with the methanolic extract of C.
gibraltarica. The results of the antioxidant potential using DPPH reveal a significant difference
between the three algae. Indeed, the extracts of the analyzed algae present an antioxidant activity
varying between 33.61 and 88.3%, with a high antioxidant potential (88.3%) for F. spiralis and thus
an important capacity to trap the DPPH radical. These three studied brown algae represent a
promising source of biologically active molecules that can be used in several fields such as organic
agriculture.
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I-INTRODUCTION

The aquatic and marine environment is home to many organisms producing a variety of bioactive molecules from several metabolic
pathways (Smit, 2004). Among these marine organisms, algae are a huge reservoir of specific natural substances that provide them
with a chemical defense capability in response to ecological pressures, such as competition for space, predation, and tidal variations
(Pérez et al., 2016). These organisms have developed during evolution some specific physiological adaptations, including the
elaboration of a number of secondary metabolites that they use as defense against several species including microorganisms (Aguila-
Ramirez et al., 2017).

In Morocco, marine currents and hydroclimatic conditions, rapidly favor the development and expansion of marine algae such as
brown algae (Riadi, 1998) and many species of algae grow rapidly and efficiently, especially compared to land plants (Kindleysides
etal., 2012). Brown algae are very abundant at the Atlantic coast especially in the Cap Ghir area. This requires a better management
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of this biomass, while promoting lines of research aimed at the exploitation of these brown algae including Cystoseira gibraltarica,
Bifurcaria bifurcata and Fucus spiralis in several areas especially the agricultural field. However, few studies have been conducted
to highlight the different molecules contained in the brown algae harvested on the double maritime facade that Morocco has.

Using polar solvents, phenolic compounds, organic acids, tannins and salts can be extracted from seaweeds (Sabeena and Jacobsen,
2013). Phenolic compounds found in brown algae possess strong antioxidant activity and their potential to scavenge free radicals is
stronger than other polyphenols derived from terrestrial plants (Ahn, 2007). Some studies indicate that algal extracts can partially
substitute fertilizers (Hong et al., 2007; Zodape et al., 2010) because they contain both minor and major mineral elements.
Saccharides existing in algal extracts can act as elicitors of plant defensive mechanism (Khan et al., 2009). Thus algae are considered
as fertilizers and growth promoters (Sharma et al., 2014).

Il - MATERIAL AND METHODS
11-1-Study area
Three species of brown algae, Cystoseira gibraltarica, Bifurcaria bifurcata and Fucus spiralis were collected at low tide, in the
coastal area of Cape Ghir, (30°38'37 "N, 09°53'20 "W), located about 43 kilometers northwest of Agadir (Morocco). This area is
characterized by a natural state preserved with an important abundance of macroalgae in particular brown algae.
11-2-Plant material
The species of brown algae, Cystoseira gibraltarica, Bifurcaria bifurcata and Fucus spiralis collected are washed on site and then
put in sea water. In the laboratory, the samples are sorted, identified and then rinsed abundantly with fresh water in order to eliminate
all impurities: sand, salt, shell debris and some epiphytes. For each wash, electrical conductivity measurements were performed.
The algae were then dried at room temperature and protected from sunlight by spreading the samples on sieves for 10 days. After
drying, the samples are reduced to a powder which is kept in a dry place. Subsequently, biochemical, phytochemical and mineral
element analyses were performed on the powder of these three brown algae. Each analysis is performed in three repetitions.
11 - 3 - Determination of mineral elements
The mineral analyses of the algae were carried out according to the classical method of Page et al, (1982), the following elements
are quantified: Organic matter (OM), Nitrogen (N), Phosphorus (P), Calcium (Ca), Sodium (Na), Magnesium (Mg), Potassium (K),
Zinc (Zn), Iron (Fe), Manganese (Mn) and Copper (Cu).
11 - 4 - Determination of biochemical parameters
Il - 4 -1 - Determination of total sugars (Dubois, 1956)
We homogenize 20 mg of algal powder with 2 ml of ethanol 70% (v / v), the mixture is centrifuged at 2000 g. After recovery of the
supernatant, the pellet is rinsed twice with ethanol 70% (v/v). To the supernatants thus combined, 16 ml of distilled water are added.
200 pl of the solution to be determined is added to 200 pl of a 5% aqueous phenol solution, then 1 ml of concentrated sulfuric acid
is quickly introduced into the reaction medium. The vortexed mixture is allowed to stand for 10 min and then placed in a water bath
for 10 to 20 min at a temperature of 30°C. The optical density is read at 490 nm using the visible IC 6400 spectrophotometer. The
blank is the reaction mixture without sample. The values obtained are converted into sugar content in mg/g of dry matter (DM) from
a calibration curve (Appendix I, Fig. 1).
Il -4 -2 -Protein assay (Lowry et al., 1951)
The method of Lowry (Lowry et al., 1951) consists in forming a complex between the peptide bonds and copper sulfate in alkaline
medium. This complex then reduces the phosphomolybdic and phosphotungstic acids of the Folin-Ciocalteu reagent to give a second
complex of blue color, measured by spectrophotometer (Frolund et al., 1995).
The assay reagent (solution R) is prepared extemporaneously from three solutions, respecting the order of addition of the solutions
and stirring after each addition:

- Solution C: copper sulfate at 10 g/,

- Solution B: sodium/potassium tartrate (Na/K) at 20 g/I,

- Solution A: Sodium carbonate (Na,COs) at 20 g/l and soda (NaOH) 0.1 mol/l.
Protein extraction
0.1 g of algal powder is ground in 1 ml of lysis buffer to extract the proteins. The extract is centrifuged at 130009 for 10 min.
Lysis buffer is prepared by mixing 8 ml of 1M Tris-HCI pH=6.8, 2 ml of B-mercaptoethanol, 10 ml of SDS and 80 ml of water.
Assay method
To 10 ul of the supernatant are added 990 pl of water and 5 ml of solution R (3 ml of solution C, 3 ml of solution B and 300 ml of
solution A). The tubes are incubated for 10 min in the dark, then 0.5 ml of a 50% (v/v) Folin-Ciocalteu reagent solution is added
and the mixture is vortexed. The stabilization of the color takes a few minutes. The intensity of the color obtained is evaluated by
measuring the absorbance at 750 nm using the visible 1C 6400 spectrophotometer. At the same time, a calibration line of bovine
serum albumin (BSA) (2mg/ml) is performed (Appendix I, Fig. 2). Protein concentrations are expressed in milligram per gram of
dry matter (mg/g DM) of sample.

Page 446|456 Avaliable at: www.ijlsar.org



Said Baroud et al, Characterization of Three Brown Algae Bifurcaria Bifurcata, Cystoseira Gibraltarica and Fucus
Spiralis

Il - 5 - Determination of phytochemical parameters
Il - 5-1- Extraction
50 mg of algae powder, put in an Eppendorf tube, are homogenized in 1 ml of Methanol-water (8 : 2, v/v). The mixture is sonicated
for 20 min and then centrifuged for 15 min at 10000 g. The extract obtained is used for the quantification of phenolic compounds
(total phenols and total flavonoids) and for the determination of the antioxidant activity of the different algae.
Il -5 - 2 - Determination of total phenols
Phenolic compounds undergo a redox reaction with the complex of phosphotungstic and phosphomolybdic acids present in the
Folin-Ciocalteu reagent. This reaction varies according to the number of hydroxyl groups (OH) of the phenolic compounds
(Singleton et al., 1999). However, this method is non-specific because the reagent can react with some amino acids (tyrosine and
tryptophan), reducing sugars and sulfur compounds (Boizot and Charpentier, 2006). Bruneton (1999) reported that phenolic
compounds are generally soluble in polar organic solvents and aqueous solutions and are poorly soluble in apolar organic solvents,
hence the choice to extract optimally with methanol-water (80-20; v/v). Similar results have been reported by several studies using
the same extraction system and conditions from different plant parts (Ben Ahmed et al., 2016).
To 25 pl of algal extract, previously prepared, 110 ul of Folin-Ciocalteu reagent is added, shaking for 3 minutes and then 200 ul of
sodium carbonate is added to the mixture. Then 1.9 ul of distilled water is added and vortexed. After a 30-minute incubation in the
dark, the optical density (OD) of each sample is measured by spectrophotometer at 750 nm (Makkar, 2003). The calibration range
is performed by gallic acid (Appendix Il, Fig. 3). The OD values obtained are then transformed into the unit microgram of gallic
acid equivalents per milligram of dry matter (ug GAE/mg DM).
Il - 5 - 3 - Determination of total flavonoids
The dosage of flavonoids is carried out using two different methods:
Il -5-3-1Method of Andary (Andary, 1990):
2 ml of algal extract are added with 100 ul of the reagent (2 amino-ethyl diphenyl borate) (Neu, 1956). The OD reading is done at
a wavelength of 404 nm. The flavonoid content is calculated according to the following formula:

T flavonoides = Aext % 0.05 x 100/Aq x Cext

Aext: Absorption of the extract.

Ag: Absorption of quercetin (0.05 mg/ml).

Cext: Concentration of the extract in mg/ml.

The results are given in micrograms of quercetin equivalents per mg of dry matter (g quercetin/mg DM).
I1-5-3-2Jay's method (1975)
The determination of flavonoids is performed according to the method of Jay, (1975) as described by Harnafi et al, (2007) with a
difference in the extraction solvent. To 1ml of algal extract are added 0.5 ml of aluminum chloride (AICIs), left to stand for 30
minutes at room temperature, then the OD is measured at 430 nm by a visible 1C 6400 spectrophotometer. The calibration range is
performed by quercetin. The OD values obtained are then transformed into the unit pug quercetin equivalents/mg dry matter (DM)
with reference to the calibration curve (Appendix I, Fig. 4).
11 - 6 - Determination of antioxidant activity
The evaluation of the antioxidant activity of the extracts of three brown algae is performed using the Scavenger method. The
chemical compound 2,2-diphenyl-1-picrylhydrazyl (a-diphenyl-B-picrylhydrazyle) (DPPH) is one of the first free radicals used to
study the structure-antioxidant activity relationship of phenolic compounds (Blois, 1958; Brand-Williams et al., 1995). The
measurement of the decrease in DPPH uptake allows to determine the free radical scavenging capacity of the tested extracts. DPPH,
which is purple in solution, has a characteristic absorbance at 517 nm. This color disappears rapidly when DPPH is reduced to
diphenyl picryl hydrazine by a compound with antiradical properties, thus causing a discoloration. The intensity of the coloration is
inversely proportional to the capacity of the antioxidants present in the medium to donate protons (Sanchez-Moreno 2002). This
reaction can be summarized as follows:
DPPH + AH — DPPH-H + A
Where (AH) represents a compound capable of donating a hydrogen to the DPPH radical (purple) to convert it to diphenyl picryl
hydrazine. This method is used in this experiment because it is simple, fast and inexpensive.
950 pl of a methanolic solution of DPPH (0.1 mM) are added to 50 ul of methanolic extract of the sample to be analyzed. After 30
min, the absorbance of the mixture is measured at 517 nm. The ability to trap the DPPH radical is calculated according to the
following formula (Loo et al., 2008).
P=(A1-A2)/A1X100
P : Percentage of radical trapping.
Al : absorbance of the control (DPPH solution without extract).
AZ2 : absorbance in presence of extract.
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The DPPH- test is not quantitative, it allows to compare different extracts according to their capacity to trap DPPH- and thus, to
appreciate the qualitative variations of phenolic compounds. The evaluation of the anti-free radical activity must be interpreted with
precaution because the absorbance of DPPH- at 515-520 nm decreases under the action of light, oxygen, according to the pH and
the type of solvent added to the antioxidant.

Il - 7 - Statistical analysis

For each analysis three repetitions are carried out. The data are processed by the STATISTICA software, version 6.0. The analysis
of variance (ANOVA) is used to determine the degree of significance. Means are compared using Duncan's tests at the probability
threshold (P < 0.05).

Il - RESULTS

111 - 1 - Determination of the mineral elements of the algae

The results obtained from the mineral analysis of the three brown algae (C. gibraltarica, B. bifurcata and) showed the presence of
various micro and macro elements (tab. 1). In general the nitrogen, calcium and potassium contents of B. bifurcata are significantly
higher than those of F. spiralis and C. gibraltarica. The alga F. spiralis has significantly higher contents of magnesium, phosphorus
and sodium than the other two algae B. bifurcata and C. gibraltarica. Similarly, the iron and copper contents of F. spiralis and C.
gibraltarica are significantly equivalent and higher compared to the alga B. bifurcata. The manganese contents of B. bifurcata and
C. gibraltarica are significantly equivalent and higher compared to F. spiralis. While the zinc content of B. bifurcata is significantly
high compared to the other two algae F. spiralis and C. gibraltarica which have equivalent content.

The concentration of N and Ca is higher in B. bifurcata (1.75 and 3.24 g/100g DM, respectively), while P and Na are rather high in
the extract of F. spiralis (0.2 and 1.85 g/100g DM, respectively). As for K and Ca are well represented in the extracts of the three
algae with a higher content in B. bifurcata (5.02 g/100g DM) followed by F. spiralis (4.96 g/100g DM) and C. gibraltarica with a
value of 4.12 g/100g DM. The concentration of Fe and Cu is high in the extracts of the two algae F. spiralis and C. gibraltarica
(tab. 1). The Zn content is higher in the extract of B. bifurcata (13.6 mg/kg DM). As for Mn, it is well represented in the extracts of
B. bifurcata and C. gibraltarica (18.44 and 18.45 mg/kg DM, respectively). The same remark for Mg which represents a high
concentration in F. spiralis (1.03 g/100g DM).

Table 1: The content of macro and microelements in the extract of the three brown algae.

The values represent the mean £ SD (n = 3). B.B: B. bifurcata, C.G: C. gibraltarica, and F.S: F. spiralis. Values indicated by a
different letter are significantly different P<0.05.

111 - 2 - Content of total sugars

The total sugar content of C. gibraltarica shows a significant difference with the two other algae B. bifurcata and F. spiralis and
has the highest content. Also B. bifurcata has a significantly lower total sugar content than the alga F. spiralis.

22.88b

|

F. spiralis

C. gibraltarica 36.45a

B. bifurcata 28.88 ab

|

Figure 1: Total sugar contents of aqueous extracts of the three algae: B. bifurcata, C. gibraltarica and F. spiralis in mg/g
DM. Values indicated by a different letter are significantly different P<0.05.

The total sugar content in the aqueous extract of C. gibraltarica reached an average of 36.45 mg/g DM, while in the aqueous extract
of B. bifurcata, this level reached an average of 28.8 mg/g DM. The lowest value is recorded in the aqueous extract of F. spiralis
with an average of 22.88 mg/g DM (Fig. 1).

111 - 3 - Protein content

In general no significant difference was recorded between the three algal extracts (Fig. 2). Indeed, the aqueous extract of C.
gibraltarica showed a protein content of 48.44 mg/g DM, the aqueous extract of F. spiralis showed an average protein content of
45.55 mg/g DM, and that of the aqueous extract of B. bifurcata is 44.03 mg/g DM (Fig. 2).
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F. spiralis 45.55 a

48.44 a

C. gibraltarica

B. bifurcata 44,03 a

Figure 2: Protein contents of aqueous extracts of the three algae: B. bifurcata, C. gibraltarica and F. spiralis in mg/g DM.
Values indicated by a different letter are significantly different P<0.05.

111 - 4 - Organic matter content

The three brown algae C. gibraltarica, B. bifurcata and F. spiralis present consequent contents in organic matter. F. spiralis and
C. gibraltarica have significantly equivalent organic matter contents (73.74 and 73.44 g/100g DM, respectively). B. bifurcata, which
has the lowest value among the three algae, shows on the other hand a significantly different average organic matter content from
the other two algae F. spiralis and C. gibraltarica (69.68 g/100g DM) (Fig. 3).

9/100g mg/kg

species | MO | N Ca K Mg P Na Fe Mn Cu Zn

B.B 69,6 | 1,75 3,24+0, | 5,02+0, | 0,66+0, | 0,16£0, | 1,65+0, | 37,2840, | 18,4410, | 12,87+0 | 13,6+0,
8b +0,1a 3a 02a 06¢ 01b 4b 4b la 08b la

CG 73,4 | 1,3840, | 2,46%0, | 4,12+0, | 0,7440, | 0,120, | 0,980, | 55,92+0, | 18,4540, | 25,760, | 5,450,
4a 1b 1b 03c 1b 0lc 2c 5a la 09a 1b

F.S 73,7 | 1,3340, | 2,34+0, | 4,960, | 1,030, | 0,200, | 1,85+0, | 55,9440, | 9,22+0,1 | 25,760, | 5,460,
4a 8c 2cC 01b 08a 02a 3a 9a b 08a 2b

73.74 a

F. spiralis

B. bifurcata 69.68 b

67 68 69 70 71 72 73 74 75

Figure 3: Organic matter contents of three algal species: B. bifurcata, C. gibraltarica and F. spiralis in g/100g DM. Values
indicated by a different letter are significantly different P<0.05.

111 - 5 - Total phenol content

The results of the determination of the total phenols content are expressed in g gallic acid equivalent (GAE) per mg DM.

In this study, the analysis of total phenols shows that F. spiralis presents a significant difference with the two other algae (Fig 4)
and has the highest content (7.2 ug/mg DM). The contents of total phenols of B. bifurcata and C. gibraltarica are significantly
equivalent with 3.6 pg/mg dry matter for B. bifurcata and 2.32 pg/mg dry matter for C. gibraltarica.
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F. spiralis 7.2a
C. gibraltarica 2.32b
B. bifurcata 36b
0 2 4 6 8

Figure 4: Total phenol contents of methanolic extracts of three algal species: B. bifurcata, C. gibraltarica and F. spiralis in
pg/mg DM. Values indicated by a different letter are significantly different P<0.05.

111 - 6 - Flavonoid content

The flavonoid content expressed in g quercetin equivalent/mg DM, varies according to the species. The results below indicate the
flavonoid content of methanolic extracts of three brown algae by two different methods: Andary's method (Andary, 1990), using
the NEU reagent (Neu, 1956) and Jay's method (Jay et al., 1975) using AICls.

In general and regardless of the flavonoid assay method, the flavonoid content of the three algae is significantly different. The
methanolic extract of F. spiralis shows the highest flavonoid content, followed by B. bifurcata. While the lowest content is presented
with the methanolic extract of C. gibraltarica (Fig. 5).

We notice that for all three algal extracts, the determination with AICI; gives higher flavonoid contents than the determination with
Neu's reagent.

According to Andary's method, the highest flavonoid content was presented by the methanolic extract of F. spiralis 3.88 pg/mg dry
matter, followed by the alga B. bifurcata 3.17 pug/mg dry matter. While the lowest flavonoid value was recorded by the methanolic
extract of C. gibraltarica 2.61 pg/mg dry matter (Fig. 5). Similar results were obtained by Jay's method (flavonoid determination
by AICIs). The highest value was also presented by the methanolic extract of F. spiralis 5.59 pg/mg DM., followed by B. bifurcata
3.77 pg/mg DM. While the lowest flavonoid content was recorded by the methanolic extract of C. gibraltarica with 3.12 pg/mg
DM. (fig. 5).

B La méthode d'Andary M La méthode de Jay

F. spiralis
5.59 a

C. gibraltarica

B. bifurcata

Figure 5: Flavonoid contents of methanolic extracts of three algal species: B. bifurcata, C. gibraltarica and F. spiralis by
two methods (Andary and Jay). Values indicated by a different letter are significantly different P<0.05.

111 - 7 - Antioxidant activity of the studied algae

The results of the antioxidant potential using the DPPH reveal a significant difference between the three algae. Indeed, the extracts
of the analyzed algae present an antioxidant activity varying between 33.61 and 88.3% (Fig. 6), with a high antioxidant potential
(88.3%) for F. spiralis and thus an important capacity to trap the DPPH radical. While an average power of antioxidant activity is
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recorded by the extract of B. bifurcata 64.3%. Like total phenols and total flavonoids, C. gibraltarica has the lowest antioxidant
potential (33.61%) among the three analyzed algae (Fig. 6).

Figure 6: Antioxidant activity of methanolic extracts of three algal species: B. bifurcata, C. gibraltarica and F. spiralis using the
scavenger method (DPPH). Values indicated by a different letter are significantly different P<0.05.

IV - DISCUSSION

Mineral analyses of the three brown algae F. spiralis, B. bifurcata and C. gibraltarica highlighted the richness of these brown algae
in macroelements (Ca, K, P, Na, N), which is in agreement with the work of Hong et al., (2007); Kalaivanan and Venkatesalu,
(2012); Hernandez-Herrera et al., (2013). Mineral element contents of algae can vary depending on season, location and analytical
methods (Castro-Gonzalez et al., 1996).

The alga C. gibraltarica shows a relatively high content of total sugars followed by B. bifurcata, while F. spiralis records the lowest
value. Similar results showed a difference in the total sugar content of the three algal species Ascophyllum nodosum (63.6 g/100g),
Bifurcaria bifurcata (15.71 g/100g) and Fucus vesiculosus (34.53 g/100g) (Agregan et al., 2016). In our study the total sugar
contents of the three algae are low compared to those in the study by Agregan et al., (2016). It should be noted that the extract of F.
spiralis is very viscous and difficult to filter, due to the presence of mucilaginous substances. This could explain the lower total
sugar content of this species (Agregan et al., 2016).

C. gibraltarica also has the highest protein content followed by F. spiralis and B. bifurcata. The results obtained by Agregan et al,
(2016) show high protein contents by F. vesiculosus followed by B. bifurcata while A. nodosum records the lowest content. On the
other hand, the protein contents obtained from the study of the three algae (C. gibraltarica, F. spiralis and B. bifurcata) are low
compared to those of the study by Agregan et al., (2016). The values of protein content and total sugars vary considerably among
species.

Phenolic compounds play an important role as protective factors. They can delay or inhibit lipid oxidation by inhibiting the initiation
or propagation of oxidative chain reactions, and are also involved in free radical scavenging (Piccolella et al., 2008).

Our study shows that the analysis of phenolic compounds of the methanolic extract obtained from the brown alga F. spiralis presents
the highest content of total phenols and total flavonoids followed by B. bifurcata and C. gibraltarica. These results are relatively
high compared to the values found by Yuan and Walsh (2006) who showed a very low content of total phenols in other algal species
Palmaria palmata with 0.128 mg GAE/g dry matter and Nereocystis leutkeana with 0.039 mg GAE /g dry matter. On the other
hand, the extract of the alga Macrocystis integrifolia (3.95 mg GAE/g DM) shows a higher content compared to the two brown
algae B. bifurcata and C. gibraltarica, while it shows a low content compared to the extract of F. spiralis. The contents of total
phenols obtained from the different algal species ranged from 2.32 to 7.2 pgGAE/mg. The values of total phenols obtained in our
study are lower than those reported by Wang et al. (2009) (Ascophyllum nodosum 13.8 g/100g, Fucus serratus 16.9 g/100g and
Fucus vesiculosus 17.6 g/100g), while these values are higher than those reported by Farvin and Jacobsen, (2013) who showed total
phenols contents ranging from 0.011 to 0.61 g/100g for different algal species. On the other hand, other research reported that
methanolic extracts are the richest in total phenols (Abdille et al., 2005). Indeed, the amount of phenolic compounds is different
from one species to another because of genetic, physiological, abiotic factors... (Maisuthisakul et al., 2007; Ksouri et al., 2009). In
general, higher phenolic content leads to higher antioxidant capacity.

Regardless of the flavonoid assay method, the methanolic extract of F. spiralis showed the highest flavonoid content, followed by
B. bifurcata and C. gibraltarica. The highest flavonoid values are presented by Jay's method (flavonoid determination by AICIs) (El
Guiche et al., 2015). This difference is probably due to the reagent used, indeed the Neu reagent is more specific than AICls. On the
other hand, the flavonoid content in the three algal species F. spiralis, B. bifurcata and C. gibraltarica is relatively low compared
to other algae such as Ulva intestinalis (8.04 mg/g DM) and Ulva clathrata (33.09 mg/g DM) (Farasat et al., 2014). Research has
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shown marked changes in the chemical constituents of algae with season and environmental conditions (Manivannan et al., 2009).
This variation in flavonoid content may be due to variation in physicochemical parameters such as salinity at harvesting stations
(Farasat et al., 2014). Flavonoids remain a very important class of phenolic compounds, these bioactive molecules have effective
antioxidant properties. They have a primary role in neutralizing free radicals (Zaragoza et al., 2008).

The present study shows values of antioxidant activity of the three studied brown algae F. spiralis, B. bifurcata, and C. gibraltarica
(88.3%, 64.3%, and 33.61%, respectively) that are higher compared to those found by Agregan et al., (2016) for the three algae A.
nodosum, F. vesiculosus, and B. bifurcata. (4.34%, 38.88%, and 23.58%, respectively). Antioxidant activity values are proportional
to phenolic compound contents (total phenols and flavonoids) in the three brown algae (F. spiralis, B. bifurcata, and C. gibraltarica).
A higher antioxidant power is recorded by F. spiralis as well as a maximum content of phenolic compounds. While, C. gibraltarica
presents the lowest antioxidant power with a low content of phenolic compounds. These results obtained are confirmed by the
correlation test, since there is a strong positive correlation between DPPH and phenolic compounds (total phenols and flavonoids).
Most of the results previously reported are expressed as percentage of inhibition of DPPH scavenging activity. The values recorded
in terrestrial plant extracts are generally above 50% (Ali et al., 2016). On the other hand the values of antioxidant activity cannot
exceed 50% in most of the algal extracts, the case of our C. gibraltarica extract and the three algal extracts in the study by Agregan
et al., (2016).

V - CONCLUSION

The results of our study showed that the three algal species F. spiralis, B. bifurcata and C. gibraltarica are rich in active molecules
that can influence several parameters at the level of the studied algae. The alga F. spiralis presents a high content of phenolic
compounds with a high antioxidant power, and a high content of organic matter. While C. gibraltarica shows a high content of
proteins and total sugars. The mineral analysis of the extracts of F. spiralis, B. bifurcata and C. gibraltarica highlighted the richness
of these brown algae in macroelements (Ca, K, P, Na, N).

These three studied brown algae can play an important role as biostimulants in the agricultural field. They represent a promising
source of biologically active molecules that can be used in organic agriculture.
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