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Abstract: The proximate chemical composition of Sar-
gassum horridum was determined monthly, including 
extract yields of alginate, crude fucoidan, and ethanolic 
extract. In addition, the biological activity (antioxidant 
and antibacterial) of the ethanolic extract and anticoagu-
lant activity of the fucoidan were examined. Significant 
monthly variation was found in the chemical composition 
(moisture, protein, ash, crude lipids, crude fiber, carbo-
hydrates, and gross energy), as well as in the alginate, 
fucoidan, and ethanolic extract yields. The maximum 
yield of crude fucoidan (13.5% dry weight) and alginate 
(21.4% dry weight) occurred in May. Crude fucoidan 
increased the clotting time at all concentrations tested 
during all months, based on activated partial thrombo-
plastin and prothrombin time assays. The maximum yield 
of ethanolic extract occurred in April and August (6% dry 
weight). The ethanolic extract was evaluated for free radi-
cal scavenging activity using the 2,2-diphenyl-1-picrylhy-
drazyl method, with the highest reduction percentage in 
April (53%). Only the extracts from March, July and August 
showed slight antibacterial activity against Vibrio para-
haemolyticus, V. alginolyticus, and Staphylococcus aureus. 
Sargassum horridum thus represents a potential source of 
carbohydrates, anticoagulant, antioxidants and antibac-
terial compounds. The best time of year for harvesting the 
alga is from May to July.

Keywords: alginate; anticoagulant; antioxidant; fucoidan; 
Sargassum.

Introduction

Seaweeds contain large amounts of polysaccharides 
such as alginate, carrageenan, and agar, which are 
widely used by the food and cosmetics industries 
(Cardozo et  al. 2007). However, the exploration of dif-
ferent seaweeds for pharmaceutical purposes is still 
in progress. Seaweeds contain a large diversity of bio-
active compounds, such as fatty acids, steroids, carot-
enoids, lectins, amino acids, halogenated compounds, 
polyketides, and toxins, as well as other sulfated poly-
saccharides. Polyphenols are also a component of 
some seaweeds and have a variety of biological effects, 
including antioxidant, anticarcinogenic, anti-inflam-
matory, and antimicrobial activity (Namvar et al. 2013). 
All these aspects show that seaweeds are economically 
important.

Sargassum is the most abundant genus among the 
seaweed flora of the Gulf of California (Zertuche-González 
et al. 2006). In Bahía de La Paz, a biomass of 18,900 wet 
tons was estimated (Hernández-Carmona et al. 1990). The 
genus Sargassum is a potential source of alginate (Hernán-
dez-Carmona 1985, Yabur et  al. 2007, Rodríguez-Montes-
inos et al. 2008) and fucoidan (Muñoz-Ochoa et al. 2009).

To improve our knowledge of Sargassum horridum, 
this study assessed monthly variations in the chemical 
composition, and the alginate, fucoidan, and ethanolic 
extract yields of the alga. A partial characterization of 
fucoidan was carried out and its anticoagulant activity 
was assessed, along with the antioxidant and antibacte-
rial activity of the ethanolic extract.

Materials and methods
Sargassum horridum (Setchell et NL Gardner) was col-
lected in Agua de Yepis, Bahía de La Paz, Baja California 
Sur, Mexico (24°22′1.89″ N, 110°40′47.91″ W; Figure 1) from 
February to August 2012, because the alga is present only 
during these months. Each month, 100 Sargassum plants 
were selected haphazardly in an algal bed and collected 
by hand using SCUBA, at 1–3 m depth.
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The collected algae were washed with tap water to 
remove epiphytic organisms and sand, and then they 
were sun-dried and ground to a particle size of 40 mesh 
(0.54  mm2) with a manual mill. The milled algae were 
homogenized to obtain a single sample and stored for 
further analysis. From this homogenized sample, three 
sub-samples were separated for analysis of proximate 
chemical composition and yield of alginate, fucoidan, and 
ethanolic extract.

Proximate chemical composition

Proximate chemical analyses of the dried samples were 
done at Centro de Investigaciones Biológicas del Noroeste, 
in La Paz, Mexico, according to the methods of the Asso-
ciation of Official Agriculture Chemists (AOAC  1995) with 
all analyses in triplicate. Moisture content was deter-
mined as the difference in weight after treatment at 110°C 
for 4 h (AOAC 930.15), and ash content by calcination at 
600°C for 2 h (AOAC 942.05). Crude protein was obtained 
using LECO equipment (LECO FP528, Saint Joseph, MI, 
USA), determining the total nitrogen content and then 
multiplying by 6.25 to obtain the amount of crude protein 
(AOAC 990.03). Crude lipids were determined by direct 

extraction with diethyl ether using Tecator Soxtec-Avanti 
apparatus (FOSS Analytical AB 2050, Höganäs, Sweden; 
AOAC 920.39). Crude fiber was obtained by the successive 
hydrolysis (acid–alkali) method (AOAC 978.10). The carbo-
hydrates were determined using the formula for nitrogen-
free extract: NFE = 100 − (% ash + % proteins + % crude 
lipids + % crude fiber). The gross energy was determined 
using a Parr bomb calorimeter (Parr Instruments, Moline, 
IL, USA).

Alginate

Alginate was extracted according to the method described 
by Rodríguez-Montesinos et  al. (2008). Twenty grams 
of dried and milled algae were hydrated overnight with 
180 ml of 0.1% formaldehyde solution (Mallinckrodt, KY, 
USA); the algae were treated with 300 ml of HCl (JT Baker, 
Center Valley, PA, USA) at pH 4 and subjected to constant 
stirring for 15 min. After filtration, the algae were treated 
with 300 ml of Na2CO3 solution (JT Baker, Center Valley, PA, 
USA) at pH 10, 80°C, in a water bath (Precision Scientific, 
Chicago, IL, USA), with constant stirring for 2 h. The paste 
obtained was diluted and filtered under vacuum (General 
Electric, Benton Harbor, MI, USA). The alginate was pre-
cipitated with ethanol (AZ, Zapopan, Jalisco, Mexico), and 
the alginate fibers dried at 50°C for 12 h. Alginate yield was 
computed as the percentage of the algal dry weight. Vis-
cosity was measured in 1% alginate solution at 22°C with 
a viscometer (Brookfield LVT, Middleboro, MA, USA) at 
60 rpm using the appropriate spindle. A second measure 
was carried out after adding sodium hexametaphosphate 
(Spectrum, Gardena, CA, USA) to sequester the residual 
calcium (Hernández-Carmona et  al. 1999). The alginate 
gel strength was measured by preparing calcium alginate 
gels using 1% alginate solution and filling a dialysis mem-
brane (9 cm length × 2.9 cm diameter; Spectrum Laborato-
ries, INC., Rancho Dominguez, CA, USA), which was then 
immersed in 10% calcium chloride solution (JT Baker, 
Center Valley, PA, USA) overnight. The gels were cut into 
three cylinders of 2.9 cm diameter × 3  cm length and gel 
strength measured with a TA.XT Plus texturometer (Stable 
Micro Systems, Godalming, Surrey, UK), programmed to 
perform penetration of 2 cm over a 5-s period to measure 
the gel breaking point.

Crude fucoidan

Fucoidan was obtained in triplicate using the modified 
method of Muñoz-Ochoa et al. (2009). Twenty-five grams 

Figure 1: Map showing the sampling site of Sargassum horridum.
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of algae per sample were extracted twice with 350 ml of 
distilled water at 55°C and continuous agitation for 2  h. 
Afterwards, the liquid was recovered by decanting and 
clarified by centrifugation (1500 g for 15  min; Beckman 
TJ-6, Palo Alto, CA, USA), and then 20 ml of CaCl2 (10%) 
was added to precipitate any residual soluble alginate, 
which was separated by centrifugation. The clarified solu-
tion was precipitated with three volumes of ethanol and 
the crude fucoidan was recovered by centrifugation, dried 
at 50°C for 20 h and stored at −20°C until analysis. Crude 
fucoidan was computed as the percentage of the initial 
algal dry weight.

Anticoagulant activity

The anticoagulant activity of fucoidan was assessed in 
duplicate according to the instructions of the manufac-
turer, by measuring the clotting time in human plasma 
previously treated with sodium citrate, using prothrom-
bin time (PT) and activated partial thromboplastin time 
(aPTT) assays. The PT assay was carried out by mixing 
90  μl of plasma with 10 μl of a solution of fucoidan at 
10 mg ml−1 and incubating at 37°C for 3 min. After incuba-
tion, 200 μl of PT reagent (SIEMENS Healthcare, Germany) 
was added to the mixture, and the clot formation time was 
determined by visual inspection and recording with a 
chronometer in seconds (Siemens 2008).

The aPTT assay was performed by taking 10 μl of the 
same solution used in the PT assay, mixing it with 90 μl of 
plasma and incubating at 37°C for 1 min. After incubation, 
100 μl of aPTT reagent (SIEMENS Healthcare, Germany), 
was added to the mixture and then 100 μl of 0.025 m 
CaCl2 was added and clot formation time was recorded 
(Siemens 2008). Dilutions (10, 5, 2.5, 1.25, 0.625, 0.31, and 
 0.15  mg ml−1) were prepared to find the lowest concentra-
tion at which anticoagulant activity was still significant. 
Clotting time recorded by the commercial reagent with 
human plasma without fucoidan added was used as the 
control time to compare with the anticoagulant activity of 
the crude fucoidan.

Chemical and spectroscopic characterization 
of fucoidan

The total sugar content was determined using the phenol–
sulfuric acid method (Dubois et al. 1956); fucose content 
was quantified using the method of Dische (1955), and 
uronic acids by the colorimetric method described by 

Blumenkrantz and Asboe-Hansen (1973), using D-glucose 
(Merck, FR Germany), L-fucose (Fluka, Steinheim, Swit-
zerland), and D-galacturonic acid (Sigma, St. Louis, MO, 
USA) as standards, respectively. All analyses were done in 
triplicate.

The FT-IR spectra of fucoidan were recorded with a 
spectrophotometer (Perkin Elmer, TWO, Waltham, MA, 
USA) equipped with an attenuator of total reflectance 
(ATR). Each spectrum was obtained from the sum of 
14 scans in the spectral range 4000–500 cm−1. The  sulfate– 
total sugars (SO4/CHOH) ratio was determined from the 
intensity of the transmittance bands at 1040 and 1256 cm−1 
(Lijour et al. 1994).

Ethanolic extract

Fifty grams of algae per sample were soaked with 150 ml 
of ethanol for 72 h at room temperature (25°C). The algae 
were filtered and extracted twice again under the same 
conditions. After filtration, the ethanolic extract was con-
centrated to dryness with a rotary evaporator (Yamato, 
RE500, Orangeburg, NY, USA) at 40°C (Muñoz-Ochoa et al. 
2010). Ethanolic extract yield was computed as the per-
centage of the algal dry weight.

Antioxidant activity of ethanolic extract 
(DPPH radical scavenging activity)

The scavenging activity of 2,2-diphenyl-1-picrylhydrazyl 
stable free radical (DPPH) was determined in duplicate 
with a colorimetric method (Goupy et  al. 1999), using 
0.02% DPPH (Sigma-Aldrich, St. Louis, MO, USA) in meth-
anol (Faga Lab, Los Mochis, Sinaloa, Mexico), and meas-
uring the absorbance in a spectrophotometer (Milton-Roy, 
Spectronic 20D, Rochester, NY, USA). From a stock solu-
tion of the ethanolic extract (1000 μg ml−1), a dose − effect 
curve was prepared at concentrations of 200, 400, 600, 
800 and 1000 μg ml−1 to determinate the scavenging 
activity. One milliliter of each concentration was placed 
in two duplicate test tubes and mixed with 4 ml of DPPH 
solution. The tubes were shaken vigorously and allowed 
to stand in the dark for 30 min at 25°C, and absorbance 
was measured at 517 nm. The scavenging activity of DPPH 
(%) was calculated using the formula: ((A − B)/A) × 100, 
where A = absorbance of DPPH solution and B = absorb-
ance of mixed DPPH solution and the sample. Ascorbic 
acid (JT Baker, Philipsburg, NJ, USA) was used as a posi-
tive control.
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Antibacterial activity of ethanolic extract

Five bacterial strains were used to test for antibacterial 
activity: Vibrio harveyi (ATCC 14126), Vibrio parahaemo-
lyticus (ATCC 17802), Vibrio alginolyticus (X 56576), 
Staphylococcus aureus (ATCC BAA-42), and Pseudomonas 
aeruginosa (ATCC 27853). The antibacterial test was done 
using the agar diffusion method with filter paper discs of 
6.4 mm diameter (Whatman no. 4, Maidstone, England; 
Das et al. 2010). The discs were impregnated with 100 μl 
of a stock solution of ethanolic extract (20  mg  ml−1), 
placed on nutrient-rich Mueller–Hilton agar test plates 
(BDBioxon, Cuautitlán Izcalli, Estado de Mexico, Mexico) 
inoculated previously with the test pathogen, and incu-
bated for 24 h at 37°C. The assay was done in duplicate. 
The presence of an inhibition halo around the discs 
(when present) was recorded after 24  h, and measured 
in mm. The antibiotic ampicillin was used as positive 
controls.

Statistical analysis

All data are reported as the mean ± SE, and the results of 
proximate chemical composition (moisture, ash, protein, 
crude lipids, crude fiber, carbohydrate and gross energy), 
alginate yield and properties (viscosity and gel strength), 
crude fucoidan, and ethanolic extract yield were analyzed 
using one-way ANOVA. Tukey tests were used to deter-
mine significant differences between months (p < 0.05), 
using Statistica 10 software (StatSoft Inc 2011).

Results and discussion
All results of proximate chemical composition, alginate, 
crude fucoidan and ethanolic extract are shown as a per-
centage with respect to the dry weight of the seaweed.

Proximate chemical composition

The proximate chemical composition results are shown 
in Table  1. The moisture content of Sargassum horridum 
was less than 10% for all months; the lowest value was in 
February (7.91%) and the highest in June (9.61%), but June 
was not significantly different (p > 0.05) from July (9.38%), 
indicating that the drying procedure was appropriate 
to avoid decomposition of the algae. For the algae to be 
stored for long periods of time, and to reduce the possible 
presence of bacteria and fungi that can alter its quality, 
drying is necessary. A moisture content of less than 12% 
is considered to be an appropriate amount to preserve the 
algae (Carrillo-Domínguez et al. 2012).

There was significant variation in ash content 
(p < 0.05), with a minimum in February (28%) and the 
highest values in March and July (39.5% and 39.2%, 
respectively). Similar values have been found previously 
for other Sargassum species and other seaweeds, such as 
Macrocystis pyrifera from the Baja California Peninsula, 
but there are reports of lower ash contents in Eisenia 
arborea (Table  2). Ash has no direct nutritional value; 
however, the large number of elements present (e.g. Fe, 
Zn, Mn and Cu) is important for agriculture as ash pro-
vides essential nutrients for better growth and develop-
ment of plants (Rupérez 2002, Briceño-Domínguez et al. 
2014, Hernández-Herrera et al. 2014).

Variation in protein content among months was also 
significant (p < 0.05), with a minimum in May (5.25%) and 
maximum in March (8.40%), and an increasing trend from 
May to August (Table 1). Similar values were found for Sar-
gassum sinicola (a synonym of S. horridum; 6.97%) and 
Sargassum herporhizum (5.12%) by Carrillo-Domínguez 
et al. (2002), and for Sargassum oligocystum (7.56%) and 
Sargassum cristaefolium (9.41%) by Mwalugha et al. (2015). 
The protein content varies among species and seasons. 
In brown seaweeds, the protein fraction (3–15%) is lower 
than in green or red seaweeds (10–47%; Fleurence 1999, 
Galland-Irmouli et al. 1999). Although the protein content 

Table 1: Proximate chemical composition of Sargassum horridum (% dry weight ± standard error; n = 3).

Month Moisture (%) Ash (%) Protein (%) Crude lipids (%) Crude fiber (%) Carbohydrates (%) Gross energy (kJ g–1)

Feb 7.91a ± 0.01 28.02a ± 0.01 6.32a ± 0.05 0.32a ± 0.01 7.64a ± 0.04 57.70a ± 0.03 11.55a ± 0.02
Mar 8.61b ± 0.06 39.56b ± 0.17 8.40b ± 0.03 0.40b ± 0.01 7.50b ± 0.01 44.15b ± 0.11 10.26b ± 0.01
Apr 8.96c ± 0.01 35.05c ± 0.01 6.14c ± 0.02 0.15c ± 0.00 7.30c ± 0.01 51.36c ± 0.02 10.69c ± 0.01
May 8.28d ± 0.01 30.38d ± 0.01 5.25d ± 0.02 0.10d ± 0.00 7.65a ± 0.04 56.62d ± 0.01 11.13d ± 0.01
Jun 9.61e ± 0.03 35.13c ± 0.06 6.79e ± 0.02 0.30a ± 0.01 8.35d ± 0.01 49.43e ± 0.04 10.58e ± 0.01
Jul 9.38e ± 0.12 39.26b ± 0.06 6.56f ± 0.02 0.37b ± 0.01 6.69e ± 0.01 47.11f ± 0.02 10.26b ± 0.01
Aug 8.58b ± 0.03 35.31c ± 0.03 7.93g ± 0.02 0.32a ± 0.01 8.35d ± 0.03 48.08g ± 0.02 10.86f ± 0.02

Means labeled with the same lowercase letters are not significantly different (p > 0.05).
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of Sargassum is low, it may be useful in areas such as 
the Baja California Peninsula with insufficient food for 
livestock.

Crude lipids were found in low concentrations and 
varied significantly among months (p < 0.05), ranging 
from 0.10% in May to 0.40% in March (Table 1). These 
values were lower than those reported for Sargassum 
polyceratium (5.98%) by Huerta-Múzquiz et al. (1999) and 
for Sargassum subrepandum (3.61%) by Abou-El-Wafa et al. 
(2011). Similar values were found for S. sinicola and S. her-
porhizum (0.63%) by Carrillo-Domínguez et al. (2002), and 
for Sargassum vulgare (0.45%) by Marinho-Soriano et al. 
(2006). It is well known that the lipid content in seaweeds 
is low and may differ among species and seasons (Jensen 
1993, Lobban and Harrison 1994).

Differences in crude fiber were also significant 
(p < 0.05) among months, with a minimum in July (6.69%) 
and maximum in June and August (8.35%). From May to 
August, these values were close to those reported in other 
species of Sargassum (Table 2). Seaweeds are a source of 
fibers that differ chemically and physicochemically from 
those of land plants, and therefore may have different 
beneficial physiological effects for humans (Lahaye 1991). 
Although crude fiber has no nutritional value, it can help 
to maintain intestinal peristalsis when consumed by 
animals (Jiménez-Escrig and Sánchez-Muniz 2000). Due 
to their low lipid and high fiber content, seaweeds are a 
good source of healthy food.

Gross energy was also significantly different 
(p < 0.05) among months, from minimal values in March 
and July (10.26 kJ g−1), to a maximum in February (11.55 kJ 
g−1; Table 1). Similar values were found for M. pyrifera 
(9.6 kJ g−1) by Gojon-Báez et al. (1998) and for E. arborea 
(10.3–11.1  kJ g−1) by Hernández-Carmona et  al. (2009). 
Gross energy represents the total amount of energy sup-
plied by any food and is an important measurement of 
calorific and nutritional value (Lamare and Wing 2001). 
In general, seaweeds are good components for inclusion 

in a low-calorie diet because several nutrients are pro-
vided with few calories.

The main component of S. horridum from Bahía de 
La Paz was carbohydrates and these varied significantly 
(p < 0.05) among months, from a minimum in March 
(44.15%) to a maximum in February (57.70%; Table 1). 
These values suggest that the carbohydrates that can be 
commercially extracted from seaweeds, such as alginates 
and fucoidan, may represent half of the components of 
the algae. Other carbohydrates present in brown algae 
are mannitol and laminaran (not extracted). Thus S. hor-
ridum seems to be a better source of carbohydrate than 
other species, such as S. herporhizum (43.5%) and Sargas-
sum spp. from Colombia (41%; Camacho and Hernández-
Carmona 2012). This species is comparable with other 
seaweeds abundant in Mexico, such as E. arborea and  
M. pyrifera, which contain similar amounts of carbohy-
drate (43–54% and 46%, respectively; Table 2).

Alginate

The alginate yield varied significantly (p < 0.05) among 
months. The lowest value was in August (9.5%) when the 
seaweed was near the senescent stage. The highest yield 
was in May (21.4%), although this was not significantly 
different (at p > 0.5) from June and July, and this corre-
sponded with the reproductive period of the algae (April–
July; Figure 2A). Similar values were found for Sargassum 
sinicola by Rodríguez-Montesinos et  al. (2008), who sug-
gested that, as the algae mature in the spring, the alginate 
content increases in the cell walls and intercellular matrix. 
It is known that there are variations in alginate content 
between species and seasons that may be related to geo-
graphical and environmental conditions. Table  3 shows 
that the alginate yield in Sargassum horridum is similar to 
that of other species studied and also to other genera, such 
as Turbinaria turbinata (24.6%; García-Ríos et al. 2012).

Table 2: Proximate composition of the principal brown algae of the Baja California Peninsula (% dry weight).

Species   Protein (%)  Ash (%)  Crude fiber (%)  Carbohydrates (%)   Source

Macrocystis pyrifera   5.1–12.7  31.0–41.4  6.3–8.8  ND   Rodríguez-Montesinos and 
Hernández-Carmona 1991

M. pyrifera   8.4  36.0  8.6  46.2   Gojon-Báez et al. 1998
Eisenia arborea   5.5–11.6  19.2–29.3  4.3–6.4  43.3–54.3   Hernández-Carmona et al. 2009
Sargassum herporhizum   5.1  36.7  5.8  43.5   Carrillo-Domínguez et al. 2002
S. sinicola   6.9  38.3  6.4  38.2   Carrillo-Domínguez et al. 2002
Sargassum sp.   5.9  38.4  12.7  41.9   Gojon-Báez et al. 1998
S. horridum   5.2–8.4  28–39.5  6.6–8.3  44.1–57.7   This study

ND, not determined.
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Alginate viscosity differed significantly (p < 0.05) 
among months, with a minimum in April (9 mPa s) and 
a maximum in February (18.5 mPa s; Figure 2B). July also 
showed a high value (16 mPa s). These values were higher 
than those reported for Sargassum cymosum (12.3 mPa s) 
by Camacho and Hernández-Carmona (2012), but lower 
than that reported for S. sinicola (58.7–191.7  mPa s) by 
Rodríguez-Montesinos et al. (2008).

Gel strength ranged from 643 g cm−2 (April) to 
1145 g cm−2 (July; Figure 2C), with significant differences 
(p < 0.05) among months. These values were as high as 
those reported for S. cymosum (709.7 g cm−2) and Sar-
gassum sp. (866.0 g cm−2) by Camacho and Hernández- 
Carmona (2012). These values suggest that the alginates 
of S. horridum may have commercial applications, such as 
providing the key ingredient for the microencapsulation 
of beneficial bacteria for slow release, and to improve the 
growth rate of terrestrial plants (Yabur et al. 2007).

According to our results for alginate, the best time to 
harvest S. horridum is in July, when the highest values of 
yield, viscosity, and gel strength coincide.

Crude fucoidan

The crude fucoidan yield varied significantly (p < 0.05) 
among months (Figure  3), with a minimum in February 
(6.2%) and maximum in May (13.5%; Figure 3). Values 
increased steadily from February to May, but yield 
decreased in June and remained low until August. The 
maximum fucoidan yield was higher than in other Sargas-
sum species, such as Sargassum horneri (4.3%) reported by 
Preeprame et  al. (2001), and in Sargassum stenophyllum 
(8.5%; Duarte et  al. 2001) and Sargassum plagiophyllum 

Figure 2: Monthly variation of alginate extracted from Sargassum 
horridum.
(A) Alginate yield, (B) viscosity and (C) gel strength. Bars represent 
the standard error of the average value (n = 3). Means labeled with 
the same lowercase letters are not significantly different (p > 0.05).

Table 3: Alginate yield from Sargassum horridum compared with 
other Sargassum species.

Species   Alginate 
yield (%)

  Source

Sargassum myriocystum   15.9–34.5  Chennubhotla et al. 1982
S. ilicifolium   22.3–30.8  Chennubhotla et al. 1982
S. sinicola   21.2–24.8  Hernández-Carmona 1985
S. vulgare   25.4  Alankararao et al. 1988 
S. siliquosum   6–32  Ragaza and Hurtado 1999
S. carpophyllum   5–32  Ragaza and Hurtado 1999
S. ilicifolium   4–41  Ragaza and Hurtado 1999
S. tenerrimum   18.3  Redekar and Raje 2000
S. polycystum   17.1–27.6  Saraswathi et al. 2003
S. fluitans   24.5  Davis et al. 2004
S. oligocystum   20.5  Davis et al. 2004
S. sinicola   7.1–13.7  Rodríguez-Montesinos 

et al. 2008
S. mangarevense   9.3  Zubia et al. 2008
Sargassum sp   20.9  Camacho and Hernández-

Carmona 2012
S. cymosum   15.9  Camacho and Hernández-

Carmona 2012
S. filipendula   17.4  García-Ríos et al. 2012
S. filipendula   15.1–17.2  Bertagnolli et al. 2014
S. horridum   9.5–21.4   This study
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(6%; Suresh et  al. 2013). Other authors have mentioned 
that there is a high variation of fucoidan content in the 
genus Sargassum (4.3–26%; Table 4). In other brown algae, 
the yield is similar (Table 4) but in some species it is higher, 
i.e. Turbinaria turbinata (32.1%; García-Ríos et al. 2012).

Anticoagulant activity of fucoidan

All extracts increased the coagulation time relative to 
the control (PT = 12 s and aPTT = 41 s). The anticoagulant 
activity of fucoidan varied significantly among months 
(p < 0.05) in both assays. The aPTT assay of fucoidan 
(10 mg ml−1) showed a clotting time higher than 300 s for 
all months (Table 5). Because of the long coagulation time 

observed, it was necessary to dilute the extract to find 
the lowest concentration at which anticoagulant activity 
was still significant. Fucoidan obtained in the warmer 
months such as June, July, and August showed a higher 
anticoagulant activity. Furthermore, an increase in coagu-
lation times was obtained even at the lowest concentra-
tions (0.15  mg ml−1) tested in the aPTT assay. This trend 
of increasing anticoagulant activity when seawater is 
warmer may be related to the presence of a higher number 
of mature plants.

Chemical and spectroscopic characterization 
of fucoidan

The monthly variation in the sugar content of the fucoidan 
in Sargassum horridum was significant (p < 0.05): total 
sugars (15.7–29.8%), fucose (5.1–20.2%), and uronic acid 
(3.5–7.7%; Table  6), with the highest values of each in 
April/May. This species has two reproductive stages in 

Figure 3: Monthly variation of crude fucoidan yield extracted from 
Sargassum horridum.
Bars represent the standard error of the average value (n = 3). Means 
labeled with the same lowercase letters are not significantly differ-
ent (p > 0.05).

Table 4: Comparison of fucoidan yields (%) present in Sargassum 
species and in other brown seaweeds.

Species   Fucoidan 
yield (%)

  Source

Sargassum stenophyllum   8.5  Duarte et al. 2001
S. horneri   4.3  Preeprame et al. 2001
S. ilicifolium   4.9  Eluvakkal et al. 2010
S. myriocystum   5.5  Eluvakkal et al. 2010
S. filipendula   26.0  García-Ríos et al.2012
S. plagiophyllum   6.0  Suresh et al. 2013
S. horridum   6.8–13.5  This study
Chorda filum   10.5–21.0  Chizhov et al.1999
Fucus distichus   10.1–21.5  Bilan et al. 2004
Alaria fistulosa   2.9–14.5  Usov et al. 2005
Undaria pinnatifida   8.8  Yang et al. 2008

Table 5: Monthly variation of anticoagulant activity of fucoidan 
extracted from Sargassum horridum in prothrombin time (PT) and 
activated partial thromboplastin time (aPTT) assays.

Extract  
(mg ml–1)

 
 

Clotting time (s)

Feb   Mar   Apr   May   Jun   Jul   Aug

PT
10   18.5   23.0   19.0   24.0   26.5   19.0   25.5
aPTT
10   >300   >300   >300   >300   >300   >300   >300
5   >300   278   >300   >300   >300   >300   >300
2.5   152   170   >300   >300   >300   > 300   >300
1.25   72   90   >300   288   292   289   241
0.625   52   75   122   215   269   250   192
0.3125   47.0   52.0   46.0   61.5   61.5   56.5   52.5
0.156   40.5   45.5   46.0   48.5   49.0   51   49

Control: PT = 12 s; aPTT = 41 s.

Table 6: Sugars (%) and ratio of sulfate–total sugars (SO4/CHOH) in 
crude fucoidan extracted from Sargassum horridum from Agua de 
Yepis, Baja California Sur, Mexico (Mean ± standard error; n = 3).

Month Total sugars (%) Fucose (%) Uronic acid (%) SO4/CHOH

Feb 22.7 ± 0.75 11.3 ± 0.15 6.4 ± 0.02 0.91
Mar 15.7 ± 1.83 5.1 ± 0.59 3.6 ± 0.28 1.12
Apr 26.4 ± 0.39 13.4 ± 0.44 7.7 ± 0.02 1.10
May 29.8 ± 0.88 20.2 ± 0.48 7.2 ± 0.06 1.06
Jun 21.3 ± 0.14 8.2 ± 0.03 4.9 ± 0.07 1.07
Jul 29.7 ± 0.07 19.1 ± 0.56 3.9 ± 0.02 1.07
Aug 20.3 ± 1.03 10.7 ± 0.36 3.5 ± 0.13 1.04
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the year; therefore, the July samples included both young 
and mature specimens. This may explain the increase in 
total sugars and fucose in July (29.70% and 19.1%, respec-
tively; Table 6) and suggests the proportion of sugars in 
the fucoidan of S. horridum varies. The proportion of total 
sugars increased as the alga grew (February to July), and 
decreased when the alga senesced, losing fronds and 
beginning degradation (July to August). In this study, 
we found that the fucose content in May corresponds to 
the highest amount of total sugars, which, added to the 
uronic acid content, is more than 90% of the total sugars 
that make up the fucoidan. In other brown algae, the 
total sugar content is higher, e.g. Ascophyllum nodosum  
(>40%; Nakayasu et al. 2009).

The sulfate–total sugars (SO4/CHOH) ratio was above 
1.00 during all months, except February (Table 6), indi-
cating more sulfate than total sugars. The anticoagulant 
activity of sulfated polysaccharides increases in relation 
to the concentration of the sulfate groups (Nishino and 
Nagumo 1992, Muñoz-Ochoa et al. 2009).

The infrared spectrum of the fucoidan obtained from 
S. horridum showed the typical absorption bands for a 
sulfated heterofucan in all months. Absorption bands 
were observed at 3395–3352  cm−1 (O-H stretching), and 
1259–1219 cm−1, which is common to all sulfate ester vibra-
tions (S=O); the band around 836–822  cm−1 corresponds 
to sulfate groups in the equatorial positions C2 and C3 
of fucose residues, and bands at 1608–1415 and 1616–
1418 cm−1 correspond to C=O (Figure 4). This is in agree-
ment with reports for other algae (Patankar et  al. 1993, 
Chizhov et  al. 1999, Synytsya et  al. 2010, Barros Gomes-
Camara et al. 2011). The IR spectra of fucoidan obtained 

show similarities to those obtained for Cladosiphon oka-
muranus by Tako et al. (2000) and for Eisenia arborea by 
Muñoz-Ochoa et al. (2009).

Ethanolic extract

The yields of ethanolic extract varied significantly 
(p < 0.05) among months, with a minimum in Febru-
ary (1.4%) and maximum in August (6%; Figure  5). The 
decrease in July may be related to the combination of the 
juvenile, mature and senescent stages of the alga that 
exhibits a second reproductive cycle and full develop-
ment in July, and the beginning of senescence. This sug-
gests that the mixture of specimens at different stages 
decreases the average yield of low molecular weight com-
pounds, such as terpenes, polyphenols and others, found 
in ethanolic extract.

Antioxidant activity of ethanolic extract

The DPPH test showed similar results at 200, 400, 600 
and 800 μg ml−1. However, the antioxidant activity at the 
maximum concentration of the extract (1000 μg ml−1), 
varied between 32.94% in February and 52.94% in April 
(Table  7). Most studies have tested at concentrations 
higher than 1 mg ml−1. However, it is possible to increase 
the effect of ethanolic extracts on the DPPH if this is 
fractionated, as there is ample evidence in the literature 
that more polar fractions are rich in polyphenolic com-
pounds derived from phloroglucinol (phlorotannins), 

Figure 4: Infrared spectra of crude fucoidan from Sargassum 
horridum.

Figure 5: Monthly variation of ethanolic extract yield from Sargas-
sum horridum.
Bars represent the standard error of the average value (n = 3). Means 
labeled with the same lowercase letters are not significantly differ-
ent (p > 0.05).
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which show strong antioxidant activity (Zahra et  al. 
2007, Kajal et al. 2013).

No previous information is available about the vari-
ations in the antioxidant activity of S. horridum extracts. 
In this study, the ethanolic extracts showed a reduction 
in DPPH at lower concentrations than reported for other 
Sargassum species, such as Sargassum polycystum (200, 
300, 500, and 750 mg ml−1) by Balaji-Raghavendran et al. 
(2005), and for Sargassum micracanthum, Sargassum 
ramifolium and Sargassum pteropleuron (50% reduction at 
concentrations of 34, 6.64 and 7.14 mg ml−1, respectively) 
by Zubia et al. (2007).

Antibacterial activity of ethanolic extract

Antibacterial activity was determined by an increase 
in the inhibition halo on the filter paper disks. Seven 
ethanolic extract samples (February to August) were 
evaluated for antibacterial activity. Only March, July, 
and August showed antibacterial activity. However, 
the extract from March exhibited more intense activity 
against Staphylococcus aureus, with an inhibition halo of 
10.6 mm, followed by July with 8.6 mm. In addition, the 
extract from March also showed activity against Vibrio 
parahaemolyticus (7  mm). The extracts from July and 
August showed low activity against Vibrio alginolyticus 
(6.6 mm). These activities were lower than those reported 
by Sangeetha et  al. (2014) in Sargassum longifolium 
against Vibrio harveyi, V. parahaemolyticus, and Pseu-
domonas aeruginosa, with concentrations of 0.2–0.8 mg 
of extract per disc, while in this study 2  mg per disc 
were used. Antibacterial activity against Mycobacterium 
tuberculosis from the ethanolic extract of Sargassum 
horridum was previously reported, and was attributed 

to the effect of unsaturated fatty acids such as myristic, 
oleic, and linoleic acids, among others (Muñoz-Ochoa 
et al. 2010). In brown algae, steroid compounds such as 
fucosterol and its derivative saringosterol were reported 
(Wächter et al. 2001). These compounds are present in all 
brown algae, so they might be responsible for the activity 
shown in this study (Muñoz-Ochoa et al. 2010).

Conclusion
All assays carried out on Sargassum horridum show 
monthly variation for all months sampled. The alginate 
gel strength was sufficient for use in the food industry. 
Fucoidan exhibited promising anticoagulant activity for 
use in the pharmaceutical industry. This research reports 
for the first time the monthly variation in the yield of etha-
nolic extract from S. horridum and its antibacterial activ-
ity. The selective antibacterial activity of ethanolic extract 
against marine bacteria of the genus Vibrio suggests a 
promising use for the purified extract of S. horridum. This 
species has chemical components such as carbohydrates, 
proteins, minerals, and fiber; therefore, it has the poten-
tial to be used as livestock feed and as a substrate for 
compost and biofertilizer.
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