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The seaweeds are important sources for generating new products with biotechnological potential. The
secondary metabolites found in macroalgae are obtained by extraction processes using organic solvents.
However, there is scant data in the literature about the morphology of the macroalgae before and after the
extraction process. The aim of this work was to verify the morphology and chemical composition of
macroalgae — Dictyota menstrualis (brown algae), before and after the extraction process with organic
solvents using scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX). Based
on micrographic analysis, it was possible to verify the morphological differences of the biomass samples.
Before the extraction process, Dictyota menstrualis showed dense morphology, and after the extraction
process, it presented lamellar morphology, whose chemical composition consisted of the elements carbon,
oxygen, sodium, magnesium, aluminum, silicon, sulfur, chlorine, calcium, potassium, and iron.

1. Introduction

The biomasses of seaweed are composed of substances with nutritional value and biological applicability.
These primary and secondary metabolites are proteins, lipids, vitamins, sterols, polysaccharides (alginates,
fucoidans, and sulfated galactans) and inorganic elements. It is important to emphasize that variations of
these natural products exist among the classes of algae (brown, red, and green), in different species and even
in macroalgae of the same species due to the influence of external factors (Wells et al., 2016).

These phytochemical constituents include, for example, glycolipids, sulfated polysaccharides, terpenes,
phenolic compounds, and acetogenins (Nogueira and Teixeira, 2016). These substances are extracted by
organic solvents with different polarities.

The cell walls of brown marine macroalgae are composed mostly of cellulose (Siddhanta et al., 2009),
hemicellulose, and an amorphous matrix. This amorphous part consists of alginates and sulphated
polysaccharides (Davis et al., 2003).

Marine algal metabolites account for 13% of marine natural products, with terpenoids prevailing at a
percentage over 50% (Maschek & Baker, 2008, Young et al., 2015).The genus Dictyota includes species
morphologically similar of the marine brown algae producers of biologically active substances, in particular,
diterpenes whose skeletons are almost exclusively found in marine organisms (Chen et al., 2018). In Brazil,
studies on diterpenes of Dictyota menstrualis demonstrated antiviral activity against the human herpesvirus
type 1, HIV-1 (Pereira et al., 2004; Cavalcanti et al., 2011) and against the acquired immunodeficiency virus
type 1, HSV-1 (Abrantes et al., 2010), and were promising to anticoagulant action front of snake venoms
(Moura et al., 2014).
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However, several articles have reported on the morphology of macroalgae biomasses in natura compared to
macroalgae submitted to different treatments. For example, the micrographs and EDX spectra helped
character the Sargassum filipendula after double alginate extraction (Costa et al., 2016).

The scanning electron microscopy confirms for characterization of biomass both in natura, and biomass that
underwent extraction process. The micrographs generated in this step allow the fresh seaweed morphological
verification and your waste, so the possible changes in the ultrastructure of seaweed can be observed. The
technique of EDX detects the chemical elements that make up the samples in different conditions of analysis.
The objective of this work was to verify the in natura morphology and after the dichloromethane extractive
process from the brown macroalgae Dictyota menstrualis (Hoyt) Schnetter, Horning, & Weber-Peukert using
scanning electron microscopy and technique EDX.Through the obtained results of morphological and
chemical composition these residues will be used as source of raw material of generation of new renewable
products due to the advantage of absent lignin from wall cell.

2. Materials and methods
2.1 Algal material

Specimens of Dictyota menstrualis specimens were collected in November of 2016 at Enseada do Forno (Lat.
22° 45' 31.77" S and Longitude: 41° 56' 35.57" W), Armagao dos Buzios, in the northern area of the state of
Rio de Janeiro State of Rio de Janeiro, Brazil, in shallow water at a depth of 2.0 to 5.0 m by snorkeling. The
algae were washed with local seawater and separated from sediments, epiphytes, and other associated
organisms. Voucher specimens (HUNI 5019) were deposited in the Herbarium of the Universidade Federal do
Estado do Rio de Janeiro (UNIRIO)-(Herbarium Professor Jorge Pedro Pereira Carauta). The algae cleaned
were dried in air at room temperature.

2.2 Extraction process

The previously dried algae were exhaustively extracted with dichloromethane (CH2Cl,) for a week. The algae
were kept in the shade, under room temperature. After this period, the biomass obtained was dried at room
temperature.

2.3 Biomass Characterization utilizing the Scanning Electron Microscopy with Energy Dispersive
Spectroscopy

Initially these samples of dried algae (both in natura and after the extraction process) were previously
macerated and were sputter coated with platinum (LEICA ACE-600) and analyzed with the equipment FEI
Field Emission Scanning Electron Microscope and energy-dispersive X-ray spectroscopy (EDX), Bruker.
(Electron Microscopy Laboratory at the Military Engineering Institute).

3. Results and discussion

Modifications in the morphology of these seaweeds were viewed with scanning electron microscopy (SEM).
After the extraction process, the biomasses presented significant changes and this suggested that
dichloromethane had removed natural products generating a structural change in the biomass.

The Dictyota menstrualis is a brown marine macroalga found on the coast of the state of Rio de Janeiro.-The
micrographs of Figure 1(a-b) correspond to the sample of the marine macroalga D. menstrualis in natura. The
analysis these images showed that this biomass had dense morphology with probable absence of porosity.

Figurel: Micrographs of the in natura and after extracted process biomass from the Dictyota menstrualis. (a-b)
In natura macroalgae (c) extracted macroalgae (d) the material with oval form found
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Figurel: Micrographs of the in natura and after extracted process biomass from the Dictyota menstrualis. (a-b)
In natura macroalgae (c) extracted macroalgae (d) the material with oval form found

These micrographs of the biomass after the extraction process with an organic solvent showed significant
morphological change, presented lamellar morphology with oval-shaped material aggregated in the algae
biomass as shown in Figure 1(c-d).

The material found in the surface of the biomass was analyzed by SEM and EDX. Silicon was detected by
EDX and together SEM images characterized as diatoms. The diatoms are organisms formed by resistant
silicon shell (Souza et al., 2007, Moreno-Ruiz and Carrefio, 1994). In addition to the chemical element Si,
others including C, O, Na, Mg, Al, S, Cl, K, Ca, and Fe were detected, as shown in Figure 2(The unmarked
peaks are relative platinum). In a study Costa et al. (2016) show through SEM-EDX results from Sargassum
filipendula seaweed presence of diatoms shells composed by Si, Na, Mg, Al, S, K, Ca and Fe (Costa et al.,
2016).
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Figure 2: SEM of the diatom and EDX spectra. (a) diatom present in the brown macroalgae with rectangle
marking the analyzed area by EDX. (b) EDX spectrum and the chemical elements detected.

Comparation of the morphology and chemical composition in natura and residue biomass is displayed
exhibited in the Figure 3.

The EDX analysis was able to qualitatively identify chemical elements present on the surface of the algae
biomass. This analysis was conducted at several regions on the macroalgae biomass. This analysis on
different parts of the biomass allowed the verification of compositional heterogeneity. The regions presented
different concentrations of chemical elements. On the in natura sample of D. menstrualis, the following
elements were observed: carbon, oxygen, sodium, magnesium, aluminum, silicon, sulfur, chlorine, calcium,
and potassium (Figure 3b). The extracted biomass algae presented the same chemical elements as in the in
natura sample but had more of the element iron.
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Figure 3: Micrographs and EDX of the in natura and after extracted process macroalga (a) in natura biomass
(b) EDX spectrum from in natura biomass. (c) extracted biomass (d) EDX spectrum of the extracted biomass

Sulfur presence has been still observed, probably due to the existence of sulfated polysaccharides. Fucoidan
is the polysaccharide found in the extracellular medium of brown algae (Davis et al., 2003). These substances
have sulfur in your structure which would explain the presence of sulfur in the two samples of the Dictyota
menstrualis.

Carbon and oxygen can be found in different substances in the seaweed, for example, in the polysaccharides
stored in the algae biomass as mannitol and laminarin (Davis et al., 2003). The acidic alginic or alginate is
found in the amorphous matrix or as extracellular material of the biomass from the brown algae.

Presence of metals can be explained by the ability of polysaccharides to “sequester” these elements. Andrade
and other researchers (2010) concluded in their study that P. gymnospora seaweed synthesizes more
polysaccharides in environments contaminated by heavy metal as a defense mechanism (Andrade et al.,
2010).

Some light metal ions are acquired by ambient marine and usually are bound to the sites present in acid
functional groups of the polysaccharides. In the in natura biomass of the brown algae it is possible to find K*,
Na®, Ca" and Mg" ions found abundantly in the marine environment (Schiewer and Volesky ,1995). Several
factors can influence this process, such as the type of biomass from the algae, pH, concentration of heavy
metals, presence of competitive ions, temperature (Zeraatkar et al., 2016) and amount of alga biomass (Lau
et al.,, 2003)

Marine macroalgae can be rich in Ca, Mg, Na, K, Fe, Mn, Zn, Cu, Ni, Co, Cr, Cd, and carbohydrates, where
these elements vary among different species, and many of these elements have important nutritional value
(El-Said and El-Sikaily, 2013). . After the extraction process of the biomass from D. menstrualis, the presence
of iron was found in its composition.

In a study conducted by Deniaud-Bouét et al. (2014) the researchers suggested the existence of a cell wall
model of brown algae of the order Fucales. In this model, the majority of the cell wall is composed of alginates
and sulfated polysaccharides that are connected between cellulose microfibrils. A few cellulose microfibrils
exist in the cell wall with tape form. The hemicelluloses are binding the cellulose with the sulfated
polysaccharides that contain fucose. There are still phenols that are associated with alginates and proteins.
Also has iodide, but its relationship with the other components of the cell wall has not been elucidated
(Deniaud-Bouét et al., 2014). In this work it was not possible to observer microfibrills in the biomasses.

The natural products produced from the algae are hydrocarbons, polyphenols, carotenoids, sterols, and
terpenoids (Teixeira, 2013). Andrade et al. (2004) conducted a study with the objective of evaluating the
alginates and fucans sulfated present in the cell wall of the brown algae. Among the materials and methods
used for this study were transmission electron microscopy (TEM) and EDXA technology. The alginates
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presented a sponge-like appearance and fucans-sulfated polygonal forms, and the EDXA spectrum found
heavy metals present in these polysaccharides (Andrade et al., 2004).

4. Conclusions

The SEM images made possible the visualization of the morphology of the biomass from Dictyota menstrualis
before and after extraction process. To complement this study, EDX analyses were used to verify the biomass
chemical composition. The sample from Dictyota menstrualis in natura revealed dense morphology while the
sample after extraction with dichloromethane presented lamellar morphology and the chemical elements
detected were carbon, oxygen, sodium, magnesium, aluminum, silicon, sulfur, chlorine, calcium, potassium,
and iron. In this study, diatoms were found that were characterized by SEM micrographs and the presence of
the element Si in the EDX spectra.
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