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ABSTRACT

Differents extracts from eight macroalgae species were tested for total phenolic compounds (TPC), flavonoids, condensed tannins
contents and for their radical scavenging activity, in vitro, using DPPH free radical. Dichloromethane and methanol mixture extract
of Boergeseniella thuyoides and ethyl acetate extract of Gracilaria multipartita showed higher phenolic content (22.93mg GAE/g
extract). Ethyl acetate extract of Boergeseniella thuyoides and Bornetia secundiflora showed higher flavonoids content (2.45 and
1.21mg QE/g extract). Dichloromethane extract of Boergeseniella thuyoides and Bornetia secundiflora showed higher condensed
tannins content (1.15 and 1.05mg CE/g extract). Among all algae tested, methanol extract of Boergeseniella thuyoides exhibited the
higher scavenging ability on DPPH (EC50= 85ug.ml-1). It can be concluded that Boergeseniella thuyoides is a promising seaweed for
more detailed investigations of its antioxidant properties and application possibilities.

Keywords: Red algae, total phenolic compounds, flavonoids, condensed tannins, DPPH radical scavenging.

INTRODUCTION

he Moroccan coast extends over 3500 km, 2900 km

of Atlantic coastline and 500 km of Mediterranean

coastline. It contains important variety and quantity
of algal species among which 500 species were identified
by many works"™*

Marine resources have attracted worldwide attentions in
the search for bioactive substances to develop new drugs
and healthy foods, thanks to their low toxicity and high
bioactivities". Therefore, new interest has been
developed to search natural and safe antioxidative agents
from marine sources®. Antioxidant activity is focused due
to the currently growing demand from the
pharmaceutical industry where there is interest in anti-
aging and anticarcinogenic natural bioactive compounds,
which possess health benefits” ®.

The potential antioxidant compounds were identified as
some pigments (fucoxanthin, astaxanthin, carotenoid
e.g.) and polyphenols (phenolic acid, flavonoid, tannins
e.g.). Those compounds are widely distributed in plants or
seaweeds and are known to exhibit higher antioxidative
activities’.

Antioxidants are substances wich possess the ability to
protect the body, cells and tissues from continuous threat
and damage caused by free radical and reactive oxygen
species, which are produced during normal oxygen
metabolism or induced by exogenous factors’. These
cellular renegades damage DNA, proteins, and lipids, and
corroding cell membrane™.

On another side, and in order to lower the risk of
oxidative deterioration, synthetic antioxidants such as
butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) have been added to many food

products™’. These compounds are suspected to possess
some undesirable effects for human health™.

In this study, eight macroalgae species harvested from
the atlanticcoast of Morocco were examined for their
phenolic compounds and their radical scavenging activity.

MATERIALS AND METHODS
Plant materials

Eight red algae (Corallina elongata, Boergeseniella
thuyoides, Laurencia pinnatifida, Caulcanthus ustulatus,
Bornetia secundiflora, Gracilaria multipartita, Gelidium
pulchellum and Corallina officinalis) were collected
manually, during the low water spring tides, along
thecoast of Sidi Bouzid El Jadida (33° 33° 16’ 09'N, 8° 30’
8° 45’'W), during April 2015. The samples were washed
three times in tap water to remove any attached salt,
epiphytes, and sand, then rinsed carefully with fresh
distilled water, air dried, ground into powder and stored
before extraction.

Preparation of seaweed extracts

For each species, powder is extracted in a different
solvent: methanol (M), dichlorometane (DC), ethyl
acetate (EA), methanol/water (MW) (60/40) and the
dichloromethane/methanol mixture (DC/M) (50/50) at a
rate of 1g of alga powder /5 ml of solvent according to
the extraction protocol described by Caccamese et al.®.
The extracts are then filtered on whatman paper and
then evaporated in a rotary evaporator. The dry extracts
obtained are stored at 4°C until used for the biological
tests. For methanol water extract, the result evaporated
was lyophilised and stored.
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Phytochemical screening of algal extract

The method used in this experiment was the addition of
certain reagents giving a positive reaction. This analysis
determined the concentration of total phenolic
compounds, flavonoids and condensed tannins.

Total phenolic content

The concentration of phenolic content in the crude
extract was determined by slight modified method of
Bray and Thorpe'®. Dried samples and standard were
prepared with various solvents. A volume of 100ul of test
solutions (samples or standards) were added to 2.0ml of
Na,CO; (0.2%). After 2 minutes, 100ul of Folin-Ciocalteau
reagent (50%) were added and allowed to stand at room
temperature for 30 minutes. Absorbance was measured
at 750nm. The blank consisted of all reagents and
solvents without test compounds or standard. The
standard was gallic acid prepared in concentrations of
0.01mg/ml to 1.0mg/mL. The phenolic concentrations
were determined by comparison with the standard
calibration curve.

Condensed tannins

The condensed tannins contents were measured using
the vanillin assay described by Julkunen-Titto™. A volume
of 50 ul of the test solutions (sample or standard) was
added and mixed to 1500 pl of vanillin/methanol solution
(4%, m/v). Then, 750ul of concentrated hydrochloric acid
was added. After incubation for 20 minutes at room
temperature, the absorbance was measured at 550nm
against a blank. The amount of total condensed tannins
(three replicates per sample) was expressed as milligrams
of catechin equivalent per gram of extract (mg CE/g
extract) from the calibration curve.

Flavonoids

The concentration of flavonoids was determined
according to the method described by Dehpeur et al.’®,
500ul of each extract are added to 1500m| methanol
(95%), 100ul of AICI; (10%, m/v), 100ul of sodium acetate
1M and 2.8ml of distilled water. The mixture is incubated
in the dark at ambient temperature for 30 minutes. The
white is done by replacement of the extract by methanol
(95%) and the absorbance is measured at 415nm using a
UV spectrophotometer. The results areexpressed in
milligram quercetin equivalent per gram of algae extract
(mg QE/g extract) in referring to the calibration curve of
quercetin.
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Evaluation of radical-scavenging activity

The scavenger effect of the free radical DPPH (1,1-
diphenyl-2-picrylhydrazyl) has been measured according
to the protocol described by Bounatirou et al..
Differents concentrations of the samples and BHT
(butylated hydroxytoluen) as standard were tested.

The solution of DPPH was prepared by solubilisation of
2.4mg of DPPH in 100ml of methanol, 100ul of each
sample extract as well as the positive control are added to
2ml of the solution of DPPH, the mixture is left in the dark
for 30 minutes at room temperature, the absorbance is
measuredat 517nm. The radical scavenging activity has
been estimated according to the equation:

Percentage inhibition
(%) = [(Absorbance of control — Absorbance of sample)/(A
bsorbance of control)] x 100

The extract concentration providing 50% of the
activity of free radical scavenging (ECso) was calculated
from the graph of DPPH percentage reductions depending
on the concentration.

RESULTS AND DISCUSSION
Total phenolic content (TPC)

Differences in total phenolic contents were noticed
between the different seaweed species and between
different solvents used for extraction for the same
species. So, the recovery of phenolic contents in different
samples is influenced by the polarity of extracting
solvents and the solubility of this compound in the
solvent used for the extraction process®™.

Total phenolic content was affected by the extracting
solvent, among all the algae extracts,
dichloromethane/methanol mixture and Ethyl acetate
extracts were found to be the most efficient solvent
compared with the other solvent systems (Fig.1).

The highest phenolic content was found in Boergeseniella
thuyoides extracted by dichloromethane and methanol
mixture with value of 22.93mg GAE/g of dry extract.
Similar results have been reported by Dellai et al.”, in the
methanolic extract obtained from the red algae Laurencia
obusta, and the lowest TPC values was observed in
Laurencia pinnatifida extracted with aqueous methanolic
(3.82mg GAE/g extract). In fact, species belonging to the
family of Rhodomelaceae are known for their richness in
phenolic compounds, especially bromophenols® ™.
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Figure 1: Total phenolic content of different extract of algae studied
M: methanol, DC: dichoromethane, DC/M: dichloromethane methanol mixture,
EA: ethyl acetate, MW: methanol water. Each point represents the mean of tree replicates.

The amount of total phenolics varied from 3.82 to
22.93mg equivalent GAE/g of extract. Chew and al.?
reported that phenol content can vary considerably
depending on the variety of algae; it was found that
Kappaphycus alvarezzi contained 1.15mg GAE/g while
Padina antillarum contained levels of 24.30mg GAE/g.
Our values were lower than those reported by Wang et
al.** who found TPC of 138, 169 and 176mg GAE/g of
water extract for Ascophyllum nodosum, Fucus serratus
and Fucus vesiculosus, respectively. However, values in
the present work were higher than those reported by
Sabeena Farvin and Jacobsen® who reported TPC ranging
from 0.11 to 6.1mg GAE/g of water extract in several
seaweed species.

Boergeseniella thuyoides showed higher phenolic content
for almost of the solvents used for the extraction with the
exception of the water methanol solvent. The results
obtained are in accordance with those demonstrated that

the phenolics compounds are generally more soluble in
. . 24
polar organic solvent than in water®". Other compounds
such as water soluble polysaccharides, proteins and
organic acid were simultaneously extracted when using
26
water as the only extractant™.

Gracilaria multipartita contained a high value in phenolic
compounds (22.93mg GAE/g extract) when it extracted by
the ethyl acetate, compared to other solvents. Similar
result was founding by Chiboub et al.”’ who observed
higher phenolic content (21.2mg GAE/g extract) in ethyl
acetate dry extract of red algae, Halopteris scoparia.

Flavonoids content

The flavonoids quantification showed a large variability
depending on the species and on the organic solvent
used for the extraction. The result of flavonoides content
of the five solvent extracts of all seaweeds studied is
given in figure 2.
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Figure 2: Flavonoids contents of different extract of red algae studied
M: methanol, DC: dichoromethane, DC/M: dichloromethane methanol mixture,
EA: ethyl acetate, MW: methanol water. Each point represents the mean of tree replicates

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

75



Int. J. Pharm. Sci. Rev. Res., 56(1), May - June 2019; Article No. 12, Pages: 73-81

The highest amount of flavomoids was found in
Boergeseniella thuyoides with 12.26mg QE/g of the ethyl
acetate extract, Similar results was found by Sameeh et
al.zg, who reported that Padina pavonica conteined a high
value of flavonoids content (12.09mg QE/g ). While the
methanol dichromethane mixture extract of Bornetia
secundiflora presented the lowest quantity with an
amount of 0.1mg QE/g of extract.

ISSN 0976 — 044X

Condensed tannins content

As shown in figure 3, condensed tannins contents varied
from 0.27 to 5.77mg CE/g extract. Dichloromethane and
dicloromethane methanol mixture extract has been found
to be rich in condensed tannins. By against, methanol
water extract showed the low values of condensed
tannins in almost algae studied.
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Figure 3: Condensed tannins content of differents seaweed extracts tested
M: methanol, DC: dichoromethane, DC/M: dichloromethane methanol mixture,
EA: ethyl acetate, MW: methanol water. Each point represents the mean of tree replicates.

To summarise, methanol and dichloromethane mixture
extracts show the highest yield of total phenolic
compouds, while dichloromethane gave the highest yield
of condensed tannins and the highest yields of flavonoids
were obtained with ethyle acetate extract. In the present
results Boergeseniella thuyoides showed total phenolic,
flavonoids and condensed tannins contents higher than

other seaweeds studied, this difference perhaps could be
attributed to genetic factors™.

DPPH radical scavenging

The DPPH radical scavenging activity has been reported in
percentage of DPPH inhibition (%). DPPH is a synthetic
stable free radical widely used for evaluating natural
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Figure4: DPPH radical scavenging activity differed between the algae species tested

M: methanol; DC: dichloromethane; DC/M: dichloromethane/methanol; EA: ethyl acetate; MW: methanol/water (60/40).

Each point represents the mean of three replicate.
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1: 142pg.mL™, 2: 285pg.mL™, 3: 476pg.mL™?, 4: 667ug.mL*

Radical scavenging activity was evaluated in differents
extracts from eight species of red seaweeds (Fig. 4). The
ability of a compound to scavenge DPPH radicals is
dependent on their ability to pair with the unpaired
electron of a radical®.

Differences in the activity among different seaweed
species and among different solvent extracts were
observed. As shown in Figure 4; methanol extract from
Boergeseniella thuyoides showed a higher scavenging
activity (90.91%). Dichloromethane and methanol mixture

extract from Boergeseniella thuyoides showed a higher
scavenging activity (81.06%), followed by Corallina
elongata which showed a moderate scanvenging activity

(48.13%). Ethyl acetate extract from Boergeseniella
thuyoides showed a moderate scavenging activity
(57.78%). While the methanol water extract from

Caulacanthus ustulatus showed a higher scavenging
activity (78.88%). Furthermore, methanol,
dichloromethane, ethyl Acetate and methanol water
extracts of Corallina elongata, Laurencia pinnatifida,

®
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Bornetia secundiflora, Gelidium pulchellum and Gracilaria
multipartita as well as dichloromethane extract of
Boergeseniella thuyoides and Caulcanthus ustulatus
showed relatively less scavenging potentials (less than
30%).

The ECsy is obtained by interpolation from a linear
regression analysis, a lower ECsy indicates a higher
antioxidant activity of a compound. The radical
scavenging activity of all the seaweed extracts (table.1)
was lower than that of the reference compound BHT
(EC50=11.5ug.mI'1) similar result was found by Rhimou et
al.®.BHTis a single compound whereas seaweed extracts
contained a mixture of compounds of different natures
that interact with each other™.

ISSN 0976 — 044X

According to the obtained results (Table 1), the methanol
and dichloromethane methanol mixture extracts of
Boergeseniella thuyoides have a high scavenging activity
with ECso of 85 and 95ug.m|'1, respectively. However,
methanol water extract and dichloromethane extract of
Boergeseniella thuyoides  showed no activity
(ECso>1000pg.ml™"). A moderate activity was found for the
same algae in ethyl acetate extract with
ECso=524.91pg.mlI". Rhimou et al.® evaluated the
antioxydant activity of methanolic extracts from selected
morrocan red seaweeds and reported that the methanol
extracts of Pterosiphonia complanata and Boergeseniella
thuyoides had a high scavenging activity with ECs, of
96pg.ml™ and 132pg.ml™, respectively.

Table 1: Evaluation of the antioxidant activity in the DPPH assay (ECs,) of seaweeds extracts. M: methanol, DC:
dichoromethane, DC/M: dichloromethane methanol mixture,

EA: ethyl acetate, MW: methanol water. Each value represents the mean of three replicates

Solvent

Seaweed

Corallina Elongata >1000
Boergeseniella thuyoides 85+0.23
Laurencia pinnatifida >1000
Bornetia secundiflora >1000
Caulacanthus ustulatus >1000
Gracilaria multipartita >1000
Gelidium pullchelum >1000
Corallina officinalis >1000

Methanol water extract of caulacanthus ustulatus
showed a moderate scavenging activity with ECs, of
250ug.m|'1; however the same algae extracted by other
solvents showed no efficient antioxidant activity (ECsp>
1000pg.ml™). Dichloromethane methanol mixture extract
of Corallina elongata showed a moderate scavenging
activity with ECsy of 740.49ug.ml™; however the same
algae extracted by other solvents showed no efficient
antioxidant activity.

Among all extracts of algae tested those of Corallina
elongata, Boergeseniella thuyoides, and Caulacanthus
ustulatus participated in the transformation of DPPH
radical in reduced form with an ECsy, between 85 and
740.49ug.ml™.  While no activity was showed by the
methanolic, ethyl acetate and dichloromethane extracts
of Corallina elongata, Corallina officinalis, Bornetia
secundiflora, Gracilaria multipartita, Gelidium pulchellum,
Laurencia pinnatifida.

The percentage of inhibition increases with the
concentration of the extract in all samples so the radical
scavenging activity is dose-dependentBS. Different

ECso (ng/ml)

DC DC+M EA MW
>1000 740.49+0.21 >1000 >1000
>1000 95.0£0.26  524.91+0.12 >1000
>1000 >1000 >1000 >1000
>1000 >1000 >1000 >1000
>1000 >1000 >1000 250+0.18
>1000 >1000 >1000 >1000
>1000 >1000 >1000 >1000
>1000 >1000 >1000 >1000

extraction solvents, according to their polarity, may have
extracted various compounds including pigments
(chlorophyll a, b, carotenoids), alkaloids, and phenolic
compounds which can participate in the great antioxidant
activity36. This means that synergistic effects may occur
between these constituents leading to the pronounced
antioxidant activity of algal extract®” >*3%°,

In this study, we noticed that most of seaweeds
contained phenolic constituents in various proportion,
and showed various radical scavenging activity. There is
some extracts containing a high levels of polyphenols and
were also potent DPPH radical scavengers.
Dichloromethane and methanol mixture and ethyl
acetate extracts of Boergeseniella thuyoides conteined
high levels of total phenolic and exhibited a high radical
scavenging activity. This result is agreement with the
previous study which has reported that there is a direct
relationship between the radical scavenging activity and
the total phenolic content in some vegetable, herbs*',
However, some extracts conteined a higher value in total
phenolic but they exhibit a low radical scavenging activity
(Dichloromethane extract of Boergeseniella thuyoides
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and Ethyl acetate extracts of Gracilaria multipartita and
caulacanthus ustulatus). few studies as Heo and cha®.
reported that the antioxidant activity (determined by
different methods), using large number of algal species
(10 green and 25 brown seaweed species) may not
necessarily be correlated with the total phenolic content
in each algal extract™.

Methanol extract and methanol water of Boergeseniella
thuyoides and Caulacanthus ustulatus exhibited a high
value of DPPH radical scavengers but conteined a less
value of TPC compared to other solvent extracts. These
results may indicate the possible participation of other
active substances which exhibit antioxidant activity such
as pigments (chlorophyll, carotenoids) and low molecular
weight polysaccharides.

The highest free radical scavenging activity was observed
in different algae species belonging to different phyla44
but this potential is still considered weak in comparison
with terrestrial aromatic and medicinal plants as shown
on chamomile for example45. The antiradical activity
characterizes the ability of compounds to react with free
radical while antioxidant activity represents the ability to
inhibit the process of oxidation®. So, only one assay
cannot determine total antioxidant potential, the results
obtained for the radical scavenging activity must be
completed by other methods to determine antioxidant
activity of the extracts studied.

CONCLUSION

The results obtained allowed us to conclude that
extraction with various solvents of varying polarities
affects the content of total phenolic compounds,
flavonoids, condensed tannins and radical scavenging
activity. The highest content of polyphenols compounds,
flavonoids and condensed tannins were obtained in
Boergeseniella thuyoides extracts, the same algae was
seen to be the most effective extract in terms of radical
scavenging activity.

Based upon the results obtained in the present study, it is
concluded that methanolic extract of Boergeseniella
thuyoides and the ethyl acetate extract of Caulacanthus
ustulatus contains a less TPC as the same exhibited a high
value of DPPH radical scavenging activity, these results
suggest that other materials present in the extracts of
seaweed, such as small molecular weight polysaccharides,
pigments, proteins, or peptides may contribute to the
free radical scavenging activity. Hence, Methanol extract
was seen the best solvent used for determination of
radical scavenging activity of algae studied.

Pending further analysis and experimentation will be
conducted to evaluate antioxidant activity of the
seaweeds studied; theses naturals seaweed extracts may
have potential applications for use in the food,
pharmaceutical and cosmetic industries.
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