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ABSTRACT

Since 2015, an excess of sargassum has been othsarvilie beaches of the Mexican Caribbean thatdeaserated a
negative impact due to its contamination of theiremwent and its effects on the tourism sector. Bpecies are
commonly found in the Mexican Caribbean, namelyg&sum natans and Sargassum fluitans. Currenthghnad the

biomass of sargassum collected is that which frdratus stranded on the beach. It is collected lmale and the tourism
sector with the objective of minimizing the negatffects caused by sargassum stranded on themeadthe present
investigation characterizes sargassum biomass aelieon the beaches, which may have differencesmposition from
sargassum collected offshore, to determine its mmytfor use as a raw industrial material. Sargassextracts were
characterized in different solvents by High-Perfarmoe Liquid Chromatography (HPLC), nuclear magnetsonance
spectroscopy, atomic absorption spectroscopy facdrminerals, mass spectrometry for lipid analysisd Fourier

Transform Infrared Spectroscopy (FTIR). The averagmposition of the sargassum extract was 11 %pbelyols, 12 %
polysaccharides of alginic acid, 0.2 % trace mirsr®.85 % fatty acid esters containing hydrocarlebiins from C8 to

C20, a calorific value of 2260 KJ / Kg, ash pereaga of 16 %, and energy content of 540 kcal / Kg.
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INTRODUCTION

The excess of sargassum washing up on beaches @atibbean originates from the Sargasso Seagtboathe open North
Atlantic Ocean near Bermuda®. This sea stretches 1000 km wide and 3200 kmamugis estimated to hold up to 10 million
metric tons of sargassum. It is known as “the goftiating rainforest.” Sargassum is also founth@Northern Gulf of Mexico
B4 Previous studies have suggested that the inflsargassum in the Caribbean is due to a rise ferwemperatures and low
winds, which both affect ocean currefit§. Large amounts of sargassum are becoming entr@iredrents that head toward
the Eastern Caribbean Islands. The spread of saimgdsas also been linked to increased nitrogelnigatiie to pollution of the

oceans through human activities of increased seweddls, fertilizers, and global climate change.
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38 Irene Carrillopdge Cantd, Ignacio Regla & Francisco Heredia

The species that predominate in the Mexican Casibtge Sargassum natans and Sargassum fllftafkese
are free-floating seaweeds that do not attach eéoottean floor; their movements depend solely oramaairrentd®<.
While sargassum seems to be a nuisance, it israitegmarine life, serving as an essential halfitabver 250 species of
fish and invertebrates. These organisms use samgaas nurseries, feeding grounds, and shelteraSsug) can also be
extremely important to endangered and migratorycisgesuch as sea turtles and whatés™ 2" 4 Seaweeds are of
economic importance. Sargassum has usefulnessufoats: from the biomass of these macroalgae, weobtain
alginates; phycocolloids with thickening, gellirapd stabilizing properties; fertilizers; and feed &nimals. Sargassum is

also widely used in the cosmetics indudtfy*> 29 14

The present impact of sargassum throughout theee@tiribbean region is worrying. With the massikréval of
sargassum, the beaches have lost their scenic ceamfy@and with it their value for tourist use. Téfere, tourism service
providers and local populations have reacted inouarways to mitigate its impacts. In Mexico, effohave focused
mainly on collecting biomass on beaches, mainlytdygroblems of tourist importance, but the fouraz have not been
laid to face the problem in the long termi®: 2 ¢ For this reason, it is particularly important determine the
components of interest in the stayed sargassuncaihett it from the beaches of the Mexican Caribbbéa value its
potential and its components of economic interElsé analyses were focused mainly on evaluatingadéis compounds
such as polysaccharides, Poly phenols and fatt) eaters, trace minerals and heavy metals. Polgaddes in seaweed
are an important source for alginate and fucoidamaetion *” ¥ Phenolic compounds are an important group of
secondary metabolites that exhibit antioxidantvitgti among other biological functiond”. The extraction of Poly

phenols is demanding due to their chemical strecamd their interaction with other food componéfits

MATERIALS AND METHODS

Collection and Identification

Sargassum natans and fluitans were collected bgifieiing on the beaches of Puerto Carrillo along Riviera Maya
coast of Mexico. The samples were placed in plastitainers with seawater and transported to dnar&ory. We carried
out their classification according to differentrabrphological characteristics and other charadiesisollected from the
literature #% ** @9 21 The presence of both Sargassum fluitans and S@rgm natans was confirmed, with a clear
predominance of the former species. The sargasslliecied was washed with tap water followed byilliést water to
remove any mineral particles and organisms attathéoe seaweed. Washed sargassum were dried timdplpaper and
spread out at room temperature in shade. The ddeghssum was ground to a fine powder using aetisinder. The

powdered samples were then refrigerated for funilser
Preparation of the Extract

Many different extraction processes were appligdstsaweed extraction-among them ethanol, is opobpanetone, ether,
benzene and others-yielding results that depetideafype of sargassum and the proportion of theestf? 2 2* 2526 2llThe

sargassum powder sample was used to perform fifiereit extractions in different solvents and solts diluted in water at 20
%. We used 20 g of dried sargassum powder in 188aofi of the following solvents: ethanol 96 %, raati-acetone 80:20 %
and formaldehyde 45 %. Subsequently, the 3 mixtwere repeated, adding 20 % of water to the ligundse. The samples
were kept in dark conditions for 72 hours with intétent shaking. After incubation, the solutionsrefiltered through paper

filters, the liquid phase was passed through awaquump and the filtrate (crude extract) was ctali:c
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Analysis Methods

Removal of traces of solvents and water was cawigidby distillation under reduced pressure in tmo evaporator
assisted by a vacuum pump (Edwards RV3) at 100atitinra hot water bath. Dry samples (absence oémand solvents)
were obtained at 50 °C. Thin-layer chromatograplag werformed with a hexane-ethyl acetate phaseratiaof 7:3 to
visualize the components of low to medium polartyd then the polarity of the phase was increasetjan ethyl acetate
mixture (methanol 1:1). A series of spots with ff@5 were observed; however, other spots of higi@arity still
remained at the retention point. For these, a pbaseethylene chloride and methanol 1:1 andiR0of acetic acid were
used, and the displacement of the more polar congmwas observed. To reveal plate chromatograpkeyapplied
ultraviolet light, which is essential to observe tiromatic rings characteristic of Poly pherfis Bromocresol green was
also used to reveal organic acids and bases, nimhyes used to reveal amino acids in general, amchoniac serum
sulfate was used to reveal carbohydrates linkeatdmatic systems (alginaté}. A complete fraction was worked with
HPLC by using a reverse phase column from whickent@n times were obtained. Once the informaticymfrthe
chromatography plates was obtained, the compounele weparated by column chromatography and evdluaye

hydrogen nuclear magnetic resonance at 200-MHz.

Trace minerals were determined by means of atotysoration spectroscopy using flame dispersion. fie¢als
present were calcium, magnesium, sodium and patassiow-resolution mass spectrometry was performitd the least
polar fraction of the plates and samples to deterfatty acids. The percentage contained in theokamas 0.2 % in 5 ml,
which can be an interesting quantity at higher n@a / Long-chain fatty acids obtained featured poritya of 18 carbons.
Thus, the final sample was derived by adding 2 slafpmethanol and one drop of &0 for a fraction of 100 mg.

Finally, heavy metals determination was carriediodbur solid samples of sargassum following tHeADFood
Elemental Analysis Manual Section 4.4 standardctvhises inductively coupled plasma-atomic emissjpectrometry
equipment (ICP-OES) for the determination of eletmeithe calorific value test was performed in @lérirun using

dehydrated cellulose (Merck) as an internal refegewith a calorimetric pump (IKA model C-200).
RESULTS AND DISCUSSIONS

Below are the details of the results for the etiwacperformed with acetone-methanol mixture at280:The following
spectrograms show the functional group of the peaésented by the liquid chromatography techni¢ifeLC). As shown in
Figure 1, a peak retention time of 45.03 min waseoled as a majority component, followed by a s#egrpeak 56.54 min and
a tertiary peak at 73.00 min. In the table of Fégly these peaks correspond to 21.045 %, 16.54d% 289 %, respectively.
Once these data were obtained, separation waveadhiext, 200MHz NMR spectra were defined, whiciteel a carbohydrate

structure for the majority peak, Poly phenols fa $econd, and a complex mixture of lipids fortktiel.

In Figure 2, a large number of low-frequency sigrale visible in this spectrum. Double low-frequepeaks
with a chemical shift of 5.55 ppm are charactaristif a diastereotopic carbohydrate system (Aldrigectra
collection/Reich reference). The multiplicity ofysals is due to multiple carbohydrate cycles. Gndther hand, in the
aromatic zone with chemical displacement betwed® 70 7.70 ppm, a depressed signal with varied ipligity was
observed. This corresponds to the aromatic sysfatregphenolic ring of the alginic componéiit. Alginate is a group of
natural anionic polysaccharides derived from sedwssdl walls. It is of great value as a raw malefiga textiles, food,

paper, and the pharmaceutical and cosmetic inesStfi
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In Figure 3, the spectrum shows an abundant nuofetomatic compounds, including between a chenslt
from 7.38 to 7.43 ppm. An inverted cone-shaped a@igri unsystematic multiplicity was observed. Thisa typical
characteristic of polyphenols, as the hydrogernefaromatic hydroxyl is exchanged with the deuserahethanol used to
run the sample and translates into the existingasigt 4.71 ppm. In addition, the presence of atgquavith a chemical
shift of 3.96 to 4.16 ppm, which is a characterigtignal of a methylene bounded to an aromaticegysindicates a

spectrum that corresponds to the polyphenol gf8lp

In Figure 4, the signal of aromatic compounds betwg-8 ppm is not observed. Only a cluster of dgyhatween
1-4 ppm was observed. The complexity of the systdaes not allow us to assign the multiplicity ofrsls correctly.
However, they are signals of homologated ampliindeeight and width. A clear triplet at 3.1 ppm vedsserved in Figure
4. This signal is characteristic of methine hydroge a carbohydrate. Thereby, the presence of debohydrates is
indicated, probably from the release or breakdofvalginates with temperature. As an interestingtfom of low polarity
compounds was found, they were isolated and tattethed NMR laboratory. Their spectrum was also olgdiand is
shown in Figure 5. A terminal methyl of one fatgichchain was observed with a chemical shift 0f860889 ppm. A
signal between 1.25 and 1.3 ppm corresponding taliphatic chain of various methylenes was observdg signal
between 2.26 and 2.34 ppm refers to an intermedietthylene toward a terminal methyl chain. Howetbe most
interesting signal is a chemical shift of 3.66 ppwhich corresponds to a methoxyl derived from fattyds: the sample
was treated with a MeOH-BF3Et20 mixture. If a reattook place, fatty acid methyl esters would berfed, and this

spectrum shows a positive reaction.

The low-polarity fraction content was analyzed gsimass spectrometry. The results are shown in Table the

spectrums are shown in figures 6-11. The spectnanfirm the presence of triglycerides.

Figure 12 shows the FTIR spectrum for derivativeslginic acids. The wide, low signal present a034m-1
indicates carboxyl groups from carboxylic acidseWidth is given by the formation of weak hydrodgmds intertwined.

A tense Signal at 1720 cm-1 shows axial methyl attaristic of the carbohydrate ring.

In Figure 13, an overlapped spectrum is shown sihisea comparison between Sample 1 and Samplde.
comparison was done to confirm the presence of phBnols, where the broad band at 3344.62 corresponds to
the hydroxyl of an aromatic system. The width oé fheak is due to the formation of low-energy hyamdponds,
colloquially known as hydrogen bridges. Transmittans not very pronounced due to the chemical emwrent
surrounding the phenolic hydroxyl, so this is a mie of various substituted phenols of differenttgans. The
untreated spectrum, called Sample 1, is shownue BfFigure 13), while the spectrum with NaBH4-Me@elatment
is shown in red (Figure 13). The purpose of thist ie based on reduction: if quino lines or somieeotaromatic
derivative susceptible to reduction were presdrd,dpectrum would change before and after treatnTdnis was not
the case, because phenol cannot be reduced, ahdspettrums present practically the same signafpur& 14
shows the IR spectrum for the absent fraction afnaatic rings. Given the low solubility coupled witime
characteristics of the sample, an elongated sigfal observed at 2820 &mThis signal is due to the elongation of
the anomeric carbons of carbohydrates as complexddnt the NMR spectrum. This corresponds to variougs of
carbohydrates cyclized with each other. There i®pen chain because this spectrum does not shovalaeyyde

carbonyl from hexose.
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The results of the atomic absorption spectroscoyysis shown in Table 2 were obtained using adstahmethod
with the following characteristics: A hollow catr@¢{CH) lamp flame fueled by an air-acetylene mixtwas used. Our results
correspond to the average of a triplicate teseémh sample of the isopropanol-acetone extradfiater with a coefficient of

variation of less than 2 % was used as solvents@ihmle had to be calcined due to the presenagarioc matter.

The same methodology was applied to the remairangassum extracts with ethanol and formaldehydg, avid
without water. Table 3 shows the results for alr&ots. As can be observed in Table 3, the exixdttt formaldehyde
presents major concentrations of Poly phenols agsaccharides. It is well known that formaldehydeused in the
alginate extraction process to soften tissues agdept pigmentation of alginat&. In addition, formaldehyde reacts with
phenolic compounds found within the algae to preduasoluble producté”. On the other hand, it is important to observe
that despite the fact that the algae had alreaggréeenced previous decomposition because it waplsanfrom the beach
(assuming several days of exposure to humidity sundight), it presented an average of 10 % of @algbarides of
alginic acid. It has been observed that while tblygaccharide percentages of alginic acid from shggassum powder
range from 10 to 24 %, the extraction of sodiunireite is profitablé®>=. For this case, the recollected sargassum can be
industrially exploited to obtain sodium alginatelyPphenols are antioxidant agents and can be agttdor use in the
animal feed or cosmetic industries. The resultshef Table 3 show a content of 11 % of poly phendath methanol-
acetone and 12 % with formaldehyde. These percestaf content are important to consider for indakgxtraction
applications. Methanol and acetone solvents arebtw solution to extract fatty acid esters, yigidithe greatest
percentages of them. In order to analyze fatty astér types of every percentage from Table 3 aryeextraction, we
determined the content of hydrocarbon chains C826. In addition, trace minerals are important lieeathey provide
the essential nutrients that animals need to parforetabolic functions such as growth and developmiemmuno
response, and reproduction. Deficiencies, everoiflerate, can adversely affect the performanceeoftiimal. The trace

minerals detected were Ca, Na, Mg and K, which playmportant role in animal feeding.

Table 4 presents the results for fatty acids inrdgatbon chains C8 to C20 in the 3 extracts of amethacetone,
ethanol and formaldehyde. From the results of Tdblatty acid esters of C11 to C17 are predomihalbese may include
lauric acid (C12), tridecyclic acid (C13), myriséicid (C14), palmitic acid (C16), margaric acid {and other§” ¢,

Table 5 shows calorific values, energy values afdcantent. Algae biomasses are considered a \ogiien to
produce biofuel because of their high yields ofpsidduced per dry weight”. The total lipid content of sargassum spp.
ranges between 1.0 and 2.5 % 39. As shown in @uittse sargassum presented an average of 2268dphd 540 Kca /
kg. These values are indicative that sargassumm ethen remained sargassum on beach, can be exjitidoeble applied

for biofuel or as a nutritional complement in fagglanimals.

Finally, Table 6 displays the results of heavy riseta the four different samples of sargassum ctdig. In our
study, no worrisome levels of any of the elementslied in algal biomass (notwithstanding their plissuse as
agricultural fertilizer or animal feed) could inaese the concentrations of toxic metals and sakgiis and / or incorporate
them into the food chain. In all cases, values tbs® 0.1 mg / Kg were reported. It is possiblet thés is because
sargassum remains on the shores of the beaches Wwhexs sampled: the reduction processes of tmesals may be due

to photo catalytic acceleratiéti 4.
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Figure 1: HPLC Chromatogram for the Entire Fraction.
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Figure 3: Spectrum of the Secondary Product.
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Table 1: Mass Spectrometry Results of Lipid Analys (See Figures 6-11)

Entry Molecular lon(M / Z) Percentage % Molar Mass
1 183 4.03 457
2 127 2.01 397
3 183 16.2 638
4 453 21.4 593
5 155 11.6 554
6 184, 439 3.1 638
100 183 0

57 \/\/\/\/\/wO\)\,OH
N p %57 0
a7 e | 2 e
0 “‘\I\ H‘.‘ I h‘ LA AR L 0 O B e B L B

20 4 4 8 100 120 140 140 180 200 220 240 240 280 300 320 340 340 B0 40 40 40 440
[M]Dodecanaic acid, 1-{hydroxymethyl)-1.2-ethaneclyl ester

e e e ] e e L L i ey
0 4 & 80 100 120 140 140 180 200 220 240 240 280 300 30 340 34) 380 400 40 440 440

Figure 6: Triglyceride Content, 4 %.
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Table 2: Atomic Flame-Absorption Spectroscopy Restd

Element | Wavelength | Overlap | Relative noise| Concentration | Response| Content %
Ca 243 0.5 1.7 50 ppm 1.0623 0.43
Mg 250 0.5 1.2 50 ppm 1.0089 0.25
Na 244 0.5 1.4 50 ppm 6.2425 1.87
K 260 0.5 1.5 50 ppm 5.3187 1.01
Table 3: Characterization of Powered Sargassum Exécts
Alginic Acid . : Insoluble
Solvents | Poly Phenols Polysaccharides Fatty Acid Esters Trace Minerals Matter
CHIIOH - o o Ca, 0.43 %, Mg, 0.25 %, Na, o
C3HgO 11% 12% 0.85 1.87 %, K, 1.01 % 2%
Ca, 0.28 %, Mg, 0.19 %, Na
0 0 ’ ! ' ! ’ 0
C,HsOH 6 % 6 % 0.43 1.02 %, K. 0.59 % 1%
Ca, 0.19 %, Mg, 0.14 %, Na
0 0 ’ ! ' ! ! 0
CH,O 12 % 13 % 0.22 0.83 %, K. 0.42 % 0.6 %
C,HsOH — o o Ca, 0.1 %, Mg, 0.1 %, Na, o
H,0 6% 4% 0.1 0.21 %, K, 0.13 % L.7%
CHIIOH —
Ca, 0.12 %, Mg, 0.11 %, Na
— 0 0 bl ’ b 1 L 0
C3HeO 7% 5% 0.1 0.15 %, K. 0.10 % 1.5%
H,O
Table 4: Hydrocarbon Chains of Esters, Percentagefdotal Fatty Acid Esters
Solvents Esters C6-C10 | Esters C11-C17 | Esters C18-C22
CHIOH - GHO 4% 49 % 3%
C,HsOH 4% 17 % 1%
CH,O <1% 39 % <1l%
Table 5: Sargassum Calorific Test Results
Sample Calorific Value, Kj / Kg Energetic Value, Kcal / Kg| Ash %
CHIOH-C;HO 2512 600 16
C,HsOH 2050 490 16
CH,O 2219 530 17

Table 6: Heavy Metals Results

Sample Number | As 1890, Mg / Kg| Cd 2288, Mg / Kg | Hg 1849, Mg / Kg | Pb 2203 Mg / Kg
1 0.016 0.0006 0.0 0.015
2 0.001 0.0 0.0 0.005
3 0.011 0.0 0.0 0.012
CONCLUSIONS

In conclusion, the stayed sargassum sampled frarbéaches of Puerto Morelos in the Mexican Caribldess high
component values of polyphenols, polysaccharidaisy facid esters and trace minerals. These compori@ve great
value for the animal feed and cosmetic industr@ssmentioned before. No worrisome levels of anyhef heavy metal
elements studied were present in the biomass ofattatyzed sargassum. The calorific and energeticesaof the
sargassum represent an interesting result thatatedi sargassum’s application for biofuel or astetional complement
in feeding animals. Sargassum represents a nuigarioeth fishermen and beach lovers. Since biodgithemical and
mechanical removal approaches may not be effectittention should be focused on how the pelagicsamgan be

economically useful.
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