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ABSTRACT 

Four species of Sargassum were analyzed for their content of alginic acid 
at the different seasons of the year. S. polyceratlum and S. vulgare, two sessile 
species, had maximum amounts of alginic acid at the vegetative stage and 
peak reproductive phase in May. Minimum amounts were detected in the post
reproductive phase. The whole plants had an average of 20.3% and 17.9% 
alginic acid for S. polyceratium and S. vulgare, respectively. In both species, 
the stipes had more alginic acid than the fronds. Whole plants of the pelagic 
species yielded an average of 18.8% and 19.9% alginic acid, for S. fluitans 
and S. natans, respectively. Stipes of S. fluitans had more alginic acid than the 
fronds, whereas in S. natans, the situation was reversed. 

INTRODUCTION 

One of the most important polysaccharides obtained from algae is 
alginic acid (14). It is a major constituent of the cell walls of Phaeophyta 
(10) , located mainly in the middle lamella and in the primary wall (1, 18, 
19). According to Baardseth (2), alginates occur both in the intercellular 
region and the cell wall and their biological functions are considered 
primarily of structural and ion exchange type. 

Alginic acid is a complex polyuronide which is quite stable to hydrol
ysis. It is comprised mainly of .B-1-4, linked D-mannuronic acid and L
guluronic acid units. It is insoluble in water. Its Na, K, NH4 , Mg, and Fe 
(ferrous) salts are soluble in water giving high viscosities, whereas Ca, 
AI, Zn, Cu, Cr, Fe (ferric) and Ag complexes yield insoluble compounds 
(12, 13, 14). The soluble salts of this polymer, especially the sodium salt, 
are generally referred to as algins. Any salt of the polymer is an alginate 
while the organic salts or esters are called algin derivatives (22). 

The most widely used compound is the soluble sodium alginate. In 
many applications sodium alginate is converted to the insoluble calcium 
salt to form gels or films. Among the esters prepared from alginic acid, 
the most important is the propylene glycol ester, which has found great 
use in the food industry as a thickener for low acid foods. 
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Because of the variety of properties of the different salts of alginic 
acid, they have a remarkably wide range of applications for industrial 
uses. In the food, textile, pharmaceutical, paper and other industries they 
act as thickening, suspending, stabilizing, emulsifiying, gel producing, or 
film forming agents without masking or adding flavors. These same 
properties make them useful as binding material for pills and tablets, in 
the production of cosmetics, paints and dairy products such as ice cream, 
cream cheese, pie fillings, puddings, toppings, icings, syrups and frozen 
fruits (4). 

Macrocystis pyri{era, the giant kelp which grows in off shore waters of 
California, constitutes the world's largest single source of algin. Although 
alginic acid is found in all brown algae, only some species are being used 
as commercial sources (table 1). The algae commonly used for the 

Genus 

Macrocystis 
M. 
Laminaria 
L. 
L. 
L. 
Ascophyllum 
Nereocystis 
Fucus 
F. 
F. 
Ecklonia 
E. 
Pelvetia 

TABLE 1.- Botanical sources of commercial alginate 

Species 

pyrifera (L.) C. Agardh 
integri{olia Bory 
digitata (L.) Larnouroux 
cloustonii Edmonds 
saccharina (L.) Larnouroux 
stenophylla (Kiitzing) J . Agardh 
nodosum (L. ) Le Jolis 
luetkeana (Mert.) Postels & Ruprecht 
vesiculosus Linnaeus 
serratus Linnaeus 
spiralis Linnaeus 
cava Kjellman 
radiata (C. Agardh) J. Agardh 
canaliculata (L. ) Decaisne & Thuret 

commercial extraction of alginic acid are not found in the tropics. 
Moreover, there are none similar in size to the kelps. However, there are 
a few genera of brown algae, for example, Sargassum, with species of 
moderate to relatively large size and with high population densities, 
which may be potential commercial sources of algin. 

Even though the kelps thrive in deep waters, the plants are also found 
populating the rocky eulittoral zone. In a sense Sargassum in the tropics 
could be considered as an ecological equivalent of the kelps because 
species of Sargassum thrive in deep water as well as in the eulittoral 
zone. 

Thirteen recognized species of sessile Sargassum are found in the 
western Atlantic ocean. They are: S. polyceratium Montagne, S. platy
carpum Montagne, S. histrix J. Agardh, S. rigidulum Kutzing, S. vulgare 



466 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 

C. Agardh, S. pteropleuron Grunow, S. {ilipendula C. Agardh, S. acinarium 
(L.) C. Agardh, S. cymosum C. Agardh, S . ramifolium Ki.itzing, S . ber
mudense Grunow, S. furcatum Ki.itzing and S. wol{ii Earle (9, 30). The 
first seven species listed above are found commonly along the Puerto 
Rican coasts and are fairly abundant on the rocky shores from the mid
eulittoral to the sublittoral zone to a depth of 25 m to 30 m. Along the 
Puerto Rican coasts they follow a common pattern of distribution in 
which S. polyceratium, S . platycarpum, S. rigidulum or S . histrix are 
found in the middle and inferior fringe of the eulittoral zone. S. vulgare 
and S. pteropleuron are found commonly in the inferior fringe and lower 
down. S . {ilipendula is always submerged at a depth of 2 to 3 m. Added 
to these, great masses of two pelagic species, S. fluitans Borgesen and S . 
natans (L.) J. Meyen arrive seasonally at the Antillean shoreline in 
varying quantities. In Puerto Rico, the largest arrivals of pelagic sargaza 
are observed from May to July with peak arrival in June. They may be 
seen in September according to the "Evangelina Collection" (private 
collection of M. Diaz-Piferrer). On the Cuban coasts the pelagic Sargas
sum arrives from June to August with peak arrival in July (7). These 
observations on the arrival of the weeds are in accordance with the 
changes in the surface currents in the Atlantic ocean and the Caribbean 
basin (31). 

In view of the commercial importance of alginic acid it seems worth
while to assess the content of this polysaccharide in algae found along 
the coasts of Puerto Rico, variations in the quantities at the different 
seasons of the year, and its distribution in the parts of the plants. 

This article summarizes data obtained on the above-mentioned points. 
Such information is considered valuable because if alginate can be 
extracted from these algae on even a small commercial scale, it may be 
enough to satisfy local demands and will be a source of employment. 

MATERIALS AND METHODS 

Sargassum polyceratium plants were collected in an open bay at Punta 
Jagi.iey, El Faro, Cabo Rojo, which is the most southwestern point of the 
island of Puerto Rico. The area consists of an arid peninsula about two 
miles long surrounded by three bays: Bahia Sucia on the east, La Playuela 
on the south and Bahia Salinas on the west. The pelagic species, S. 
fluitans and S. natans were collected at Bahia Sucia, where they are 
heavily deposited in June. Sargassum vulgare plants were collected south 
of Punta Guanajibo, which is part of the Mayagi.iez beaches at the western 
part of the island. The mouth of the Guanajibo river is located north of 
Punta Guanajibo and Bahia Bramadero at the south. The sessile species 
were collected every other month. The pelagics were collected whenever 
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they could be found. The hand-collected algae were carried to the labo
ratory in dark plastic bags filled with seawater to avoid dehydration and 
decomposition. 

In the laboratory, the plants were separated according to their sexual 
stages, that is, reproductive and vegetative. They were washed with fresh 
water and the epiphytes were removed by hand. For each batch, 20 plants 
were picked at random and their length recorded. Some plants were left 
intact to determine the alginic acid content of whole plants while others 
were segregated into fronds and stipes to analyze each part separately. 
The whole plant and the parts were dried at 80° C for 10 to 16 hours. 
The dried material was ground finely in a hammer mill. The powder (150 
mesh) was placed in closed amber glass bottles and stored at ambient 
temperature (25 to 26° C). For the extraction, the dried tissue (20 g for 
whole plants and fronds, 10 g for stipes) was treated once with 200 ml of 
5% HCI. The mixture was centrifuged at 1,500 g for 10 min. The 
supernatant was discarded and the residue extracted three times with 
200 ml of 4% Na2C03 at 60° C for 15 min with occasional stirring. The 
mixtures were centrifuged, the supernatant of the extractions pooled, 
and the residue washed twice with 700 ml of distilled water each time. 
The supernatant of the extraction and the washings were treated sepa
rately with 90 to 120 ml of 25% CaCb · 2H20 added with constant stirring 
until precipitation was completed. The calcium alginate obtained was 
washed twice with distilled water and filtered through three layers of 
cheesecloth, scraped off and dried in tared pans at 80° C for 10 to 12 
hours. The dried calcium alginate was ground and stored in labeled 
plastic bags. 

For the quantitative analysis of the alginic acid, 100 mg of the calcium 
alginate (dry weight basis) was dissolved by gentle heating in 50 ml of 
1% sodium metaphosphate and then diluted to 250 ml with distilled 
water. Quantitative analysis of the alginate was done with the ferric
sulfuric reagent (11). One to 5 ml of the calcium alginate suspensions 
was placed in 25 X 200 mm borosilicate tubes (in duplicate) and dried 
for 10 to 16 hours at 100° C. Tubes containing 1 to 5 ml of 0.2% sodium 
metaphosphate, depending on the aliquot of calcium alginate suspension 
used, were included as reagent blanks. Five ml of the ferric-sulfuric 
reagent were added to each tube and the content mixed well by gentle 
shaking. The tubes and their contents were heated for 12 min at 60° C. 
Timing began at the moment the tubes were placed in the bath. At the 
end of this period, the tubes were placed in a 29 ± 1 o C water bath for 
90 min, after which the tubes were removed, and the color developed 
measured at 495 nm against a reagent blank. 

The amount of alginate was determined from a reference curve which 
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was prepared from stock dispersions containing 0, 50, 100, 150, 200, 250, 
300, 350, 400, 450 and 500 ILg of sodium alginate per ml dispersed in 0.2% 
sodium metaphosphate. One ml of each dispersion was placed in 25 X 

200 mm borosilicate tubes and the content dried at 100° C for 10 to 16 
hours. Then 5 ml of the ferric-sulfuric reagent was added, the mixture 
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heated for 12 min at 60° C, aged for 90 min at 29 ± 1 o C and the density 
of the color measured at 495 nm. A plot against the optical density versus 
the amount of added alginate produces a straight line. A flow sheet of all 
the manipulations is shown in figure 1. 

RESULTS AND DISCUSSION 

For both sessile species, the maximum levels of alginic acid were 
recorded in May coinciding in both cases with their vegetative stages and 

TABLE 2.-Alginic acid levels in Sargassum vulgare C. Agardh with respect to 
reproductive stage and length of the plant 

Date Reproductive Mean Alginic acid 
(1978) stage' length (em) 

(% D. W. basis)2 

(20 plants) 

Whole Frorul. Stipe plant 

January R 22.2 7.7 7.4 11.4 
March R 27.5 16.5 15.5 22.7 
May v 17.5 25.1 24.5 29.2 
July R 24.2 22.7 23.4 28.3 
September R 23.8 19.5 18.5 23.5 
September v 13.2 16.6 15.5 23.5 
November R 32.2 17.3 16.8 23.9 

1 R = reproductive; V = vegetative. 
2 Mean of duplicate samples. 

TABLE 3.-Alginic acid levels of Sargassum polyceratium Montagne with respect to 
reproductive stage and length of the plant 

Date Reproductive Mean Alginic acid length (em) (1978) stage' (20 plants) (% D. W. basis)2 

Whole Frorul. Stipe plant 

January R 10.7 12.7 12.6 18.2 
March R 17.6 18.0 17.9 20.2 
May v 14.8 26.3 25.8 25.1 
May R 20.0 24.6 23.3 32.3 
July R 21.8 23.4 24.6 32.4 
September R 23.0 22.3 22.8 30.6 
November R 19.9 15.0 14.1 21.9 

1 R = reproductive; V = vegetative. 
2 Mean of duplicate samples. 

their peak reproductive phases. The lowest values in alginic acid content 
were associated with old and decaying plants after the fruiting period 
(tables 2, 3). The alginic acid content in S. polyceratium and S. vulgare 
varied in a very similar way with regard to their reproductive cycle. The 
relationship between the reproductive stage of Sargassum and its alginic 
acid content has been discussed by other workers (5, 23, 27), and the 
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results obtained in this investigation show similar trends. At maturity 
the alginic acid content of Sargassum is more constant or fairly variable 
at a lower level than at the peak level for the species. At the senescent 
stage of the plant the alginic acid level falls to a minimum. S. polyceratium 
and S. vulgare, at the reproductive stages, collected from July to Novem
ber, showed a gradual decrease in their alginic acid content. This decrease 
can be attributed to the degenerated conditions of the plant after the 
fruiting period. 

Higher values of alginic acid in the stipes than in the fronds in S. 
vulgare and S. polyceratium were noted (tables 2, 3). Data obtained here 
indicate that in S. vulgare and S . polyceratium changes in the alginic acid 
levels followed a similar trend in all the parts. An increase in the alginic 
acid content of one part, the stipe, is associated with an increase in the 
alginic acid content of the other part, the frond. In S. polyceratium there 
was little difference in the alginic acid content of stipes and fronds of 
the plants in the vegetative stage, collected in May. A very similar 
situation was observed in the fully developed vegetative stage of plants 
of S . vulgare collected in May. In these plants, the alginic acid content 
prior to the reproductive stage is uniform throughout the body of the 
plant. 

Other investigators (24, 25) have reported that in the sessile species 
the alginic acid content of the different parts of the weeds differs from 
species to species and varies according to age, sexual stage, and environ
mental factors affecting the plant. During the development of the plant, 
the alginic acid content of the whole plant increases during the growing 
period. This increase in the alginic acid content of the plant occurs more 
rapidly in the stipes than in the fronds. As the plant approaches full 
maturity, the alginic acid content of the whole plant is nearly uniform. 
At this point the fronds reach their maximum values as recorded in this 
investigation. After the fruiting period, the alginic acid content of the 
fronds and stipes decreases. This decrease in alginic acid occurs more 
rapidly in the fronds than in the stipes. As shown here, this is in 
agreement with the report of Rao (27) from his investigations in India. 

Tide and changes in the water level can affect the content of alginic 
acid in eulittoral weeds since they control their periods of exposure and 
depth of immersion. Also, the rise and fall of the tides ·involve alterations 
in the light intensities that may affect the synthesis of alginic acid (15). 

It has been proposed that the biological function of alginic acid in the 
plants is in the prevention of the excessive loss of water or desiccation 
of the plant (29). It has been proposed also that alginic acid helps the 
plant to meet the flexibility requirements of the intertidal environment 
of most Phaeophyta (10). 
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The monthly average water level measured at the Magueyes hydro
graphic station at Parguera, Puerto Rico, shows that the lowest water 
levels occur from April to June, especially in May, and the higher water 
levels occur from September to November. 

In S . polyceratium and S. vulgare the highest values of alginic acid 
were coincident with the lowest tides observed during the year (May) 
and the lowest values were recorded during the months of high water 
level. 

The data presented support the belief that the biological function of 
alginates is the protection against desiccation, since high alginic acid 
levels were recorded in May when the plants were exposed for longer 
periods and low levels were recorded when the plants were submerged 
most of the time because of the high water levels. 

These high alginic acid levels in S . polyceratium and S. vulgare are also 
associated, as stated before, with the peak mature phases of the life cycles 

TABLE 4.-Alginic acid levels of Sargassum natans (L.) J. Meyen and Sargassum 
fluitans B0rgesen 

Plant Date Alginic acid 
(%D. W. basis)' 

Whole Frond Stipe plant 

S . natans May 1978 19.9 23.4 19.7 
S . fluitans May 1978 18.8 18.0 23.6 

1 Mean of duplicate samples. 

of the plants. Also, there may be some relation between the sexual cycle 
of the weeds, the rise and fall of the water level and the alginic acid 
content of the plants. It has been stated that sexual reproduction in some 
eulittoral algae is affected by tides (16). Baker (3) concludes that the 
species growing at higher levels on the shore require longer periods of 
exposure for maximum liberation of sexual cells. Variations in the alginic 
acid content of the weeds, in his opinion, are probably the result of a 
series of concomitant internal and environmental factors. 

The pelagic sargaza samples analyzed were collected in May and June 
soon after their arrival at the shore of Bahia Sucia, to ensure that the 
weeds were not affected by desiccation or bacterial decay. 

The alginic acid content of the pelagic weeds is not affected by sexual 
cycles, tides or currents, since their reproduction is only vegetative 
(fragmentation) and they live in a floating state. The main factor affect
ing the alginic acid yields of these weeds is the condition of the plant at 
the moment of collection. They may be either fresh or decayed, depending 
on the time after arrival at the shore. 
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InS. fluitans, as in the sessile species, the alginate content of the stipes 
(23.6%) was higher than the alginate content of the fronds (18.0%). 
Whole plants yielded 18.8%. In S. natans the alginic acid level was found 
to be higher in the fronds (23.4%) than in the stipes (19.7%). Whole 
plants yielded 18.8% alginate (table 4). 

Comparative values for alginic acid content of Sargassum in the 
Caribbean are shown in table 5. The values range from 13% to 21% in 
the sessile species and from 6% to 20% in the pelagics. The alginic acid 
levels determined in this investigation are in agreement with the values 
reported in the literature. 

This work shows that the Sargassum species off the coasts of Puerto 

TABLE 5.-Alginic acid levels of Sargassum spp. from the Caribbean 

Species Date Locality Habitat Alginic acid 
(% D. W. basis) 

S. polyceratium 11-1956 (7) 1 Juragua, Cuba Near a river 14.4 
S. polyceratium 11-1956 (7) El Caney, Cuba Exposed to surge 20.0 
S. polyceratium 2-1956 (7) Juragua, Cuba Near a river 13.9 
S. polyceratium 2-1957 (7) El Caney, Cuba Exposed to surge 15.8 
S. polyceratium 7-? (8) Puerto Rico 21.0 12-24*2 

S . polyceratium 2-? (8) Puerto Rico 17.9 
S. natans 6-1956 (7) Siboney, Cuba Floating 16.0 
S. natans 2-1957 (7) El Morro, Cuba Floating 15.2 18.8*2 

S. natans 10- 1952 (28) Habana, Cuba Floating 16-20 
S. natans 4-1949 (6) Florida Floating 9.0 
S . natans 7-? (8) Puerto Rico Floating 17.6 19.9*2 

S. fluitans 6-1956 (7) Siboney, Cuba Floating 18.8 
S . fluitans 2-1957 (7) El Morro, Cuba Floating 16.7 
S. fluitans 2-1949 (6) Florida Floating 6.8 
S . fluitans 7-? (8) Puerto Rico Floating 18.5 
S. vulgare 1978 Mayagiiez, P.R. Rocks 7 24*2 

1 Number in parentheses indicates corresponding reference. 
2 * Indicates data from the present study. 

Rico have a good content of alginic acid comparable to values obtained 
for this species in other areas of the world (table 6). Commercial exploi
tation would depend on the quantity of the algae available annually and 
other economic factors . As far as can be ascertained, this constitutes the 
first data available on the distribution of alginate in the different parts 
of Sargassum in Puerto Rico, at different seasons and at different 
reproductive stages. 

The test used in this investigation (ferric-sulfuric method) is much 
more specific, much more stable and more economical than that with the 
carbazole reagent which is generally used. Hence screening of the algae 
for their content of alginates can be done much more rapidly. 
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TABLE 6.-Alginic acid in some species of Sargassum from variou.s countries 

Species Alginic acid Country (%dry wt.) 

S. filipendula C. Agardh (6) 1 13.3-23.5 U.S.A. 
S . fluitans Borgesen (6) 6.8 U.S.A. 
S . natans (L.) J . Meyen (6) 9.0 U.S.A. 
S. longifolium J . Agardh (20) 17.0 Africa 
S. polyceratium Montagne (7) 13.9-20.0 Cuba 
S . natans (L.) J . Meyen (7) 15.2-16.0 Cuba 
S . fluitans Borgesen (7) 16.7-18.0 Cuba 
S . swartzii (Turner) J . Agardh (17) 4.5-14.7 India 
S . tenerrimum J . Agardh (17) 4.5-14.7 India 
S . cinereum J. Agardh (17) 29.1- India 
S. wightii Harvey (27) 21.3-31.7 India 
S . swartzii (Turner) J. Agardh (5) 10.9- 19.7 India 
S . tenerrimum J. Agardh (5) 7.1-11.2 India 
S . wightii Harvey (26) 29.8-34.6 India 
S . tenerrimum J. Agardh (26) 29.8-34.6 India 
S . cymosum C. Agardh (21) 8.5-19.4 Brazil 

1 Number in parentheses indicates corresponding reference. 

RESUMEN 

Se investigaron las variaciones estacionales en el contenido de acido 
alginico en plantas completas, frondas y estipes de cuatro especies de 
Sargassum. Dos de las especies, S. polyceratium Montagne y S. vulgare 
J. Agardh, son sesiles; las otras dos, S. f/uitans B0rgesen y S. natans (L.) 
J. Meyen, son pelagicas. El contenido de acido alginico en las especies 
sesiles vari6 en forma similar durante todo el ano. Para ambas, las 
cantidades maximas de acido alginico fueron registradas en mayo. Estes 
maximos fueron asociadas con las fases reproductoras y vegetativas. Los 
valores mas bajos de acido alginico estuvieron asociadas con Ia decaden
cia de las plantas despues del proceso reproductive. En las plantas 
completas, los rendimientos medics fueron de 20.3% y 17.9% en acido 
alginico, enS. polyceratium y S. vulgare , respectivamente. Ambas especies 
arrojaron un contenido mas alto de acido alginico en los estipes que en 
las frondas. En S. fluitans el contenido de acido alginico de los estipes fue 
mas alto que en las frondas, mientras que en S. natans fue lo contrario. El 
rendimiento medic de acido alginico en plantas completas de S. f/uitans 
fue de 18.8% y en S. natans de 19.9%. 
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