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INTRODUCTION composition, proteins, amino acids, nutritive values, fats,

Seaweeds have been used since ancient times as species of Enteromorpha have been reported [35-42].
food, fodder, fertilizer and as source of medicine today Parekh  et  al. [43] studied the chemical composition
seaweeds are the raw material for many industrial of 27 species of green seaweeds of Saurashtra coast. The
productions like agar, algin and carrageenan but they biochemical contents of Ulva lactuca, Sargassum
continue to be widely consumed as food in Asian swartzii and Gelidiella acerosa from Port Okha were
countries [1]. They are nutritionally valuable as fresh or studied in relation to ecological factors by [44], presented
dried  vegetables,  or  as  ingredients  in  a  wide  variety the month-wise protein, fat, carbohydrate, crude-fibre,
of prepared foods [2]. In particular, certain edible sodium,  potassium, calcium and phosphorous contents
seaweeds contain significant quantities of protein, lipids, of these species. Dhargalkar [45] estimated the major
minerals and vitamins [3-5], although nutrient contents metabolites such as proteins, carbohydrates and lipids.
vary with species, geographical location, season and Seasonal  variations  in  biochemical  composition  of
temperature [6, 7]. some seaweed from Goa coast was followed by [46].

The nutritional properties of seaweeds are not yet Dhargalkar  et  al. [47] estimated protein, carbohydrate
noted and they are usually estimated from their chemical and organic carbon in 43 marine algal species from
composition alone [8, 9]. Compared to land plants, the different stations along the Maharashtra coast.
chemical composition of seaweeds has been poorly Studies on the chemical composition of seaweeds
investigated and most of the available information deals have  shown  that these are good sources of minerals,
only with traditionally Japanese seaweeds [10-12]. The trace elements [18, 20], proteins, lipids and carbohydrates
chemical composition of seaweeds varies with species, [48-51]. High carbohydrate (24-44%) and lipid (6-23%)
habitats, maturity and environmental conditions [13]. contents  were  reported in seaweeds in Indian shores.

The protein content in the marine algae was estimated The caloric values are more in seaweeds [52]. Seaweeds
by [14-18]. Chidambaram and Unny [14] analyzed proteins like Cladophora pinnulata, Levringia boergesenii,
in the species of Sargassum, Turbinaria and Gracilaria. Sargassum wightii, Sarconema furcelatum and
Neela [15] estimated the protein, fat, calcium, Asparagopsis taxiformis are good sources of iodine [53].
phosphorous, iron, iodine and vitamin-C contents in However, only a few studies have been undertaken
Gracilaria sp. Gracilaria lichenoides, Hypnea sp. and on the quality of seaweed protein [13, 54-56] because of
Ulva lactuca. In CMFRI, studies were carried out on the the difficulties of extraction and preparation of seaweed
chemical composition of the marine algae growing in the protein concentrates (PCs). The extraction of seaweed
vicinity of Mandapam [16, 19-21]. protein by classical procedures is hindered by the

Extensive works were carried out by Lewis and presence of large amounts of cell wall polysaccharides,
Gonazalves [22-27]; Lewis [28-34] on amino acids present such as the alginates of the brown seaweed or the
in free state on protein and peptide hydrolysates in many carrageenans of some red seaweed. The high content of
green, brown and red seaweeds. A considerable amount neutral polysaccharides (xylans and cellulose) in some red
of work on the volatile components, biochemical and green seaweeds can also limit the protein accessibility

lipids, vitamins and mineral composition of different
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[57]. The protein content of some red seaweeds of The carbohydrate concentration of seaweeds varied
different  coasts of India has been reported [16, 34, 46, 47].
Most studies on nutritional evaluation were carried out
from all parts of the world. Hence, the present study is
concentrated on different groups of seaweeds and its
proximate  composition  of  Mandapam,  southeast  coast
of India. 

MATERIALS AND METHODS

The seaweeds were collected from Mandapam coastal
regions, Southeast coast of India. Seaweed sample was
picked with hand and immediately washed with seawater
to remove the foreign particles, sand particles and
epiphytes. Then it was kept in an ice box containing slush
ice and immediately transported to the laboratory and
washed thoroughly using tap water to remove the salt on
the surface of the sample. Then the seaweeds were spread
on blotting paper to remove excess water. 

Protein Estimation: The total protein was estimated using
the Biuret method of Raymont et al. [58].

Lipid Estimation: The extraction of lipid was done by the
chloroform-methanol mixture Folch et al. [59]. 

Carbohydrate Estimation: The total carbohydrate was
estimated by following the Phenol-sulphuric acid method
of Dubois et al. [60].

RESULT

Totally  twelve species of seaweeds which includes
4 species (Enteromorpha intestinalis, Enteromorpha
clathrata, Ulva lactuca and Codium tomentosum) from
Chlorophyceaean member 5 species (Padina gymnospora,
Colpomenia sinuosa, Sargassum tenerimum, Sargassum
wightii and Turbinaria conoides) from Phaeophyceae
(Brown algae) and 3 species (Gracilaria folifera, Hypnea
valentiae and Acanthophora spififera) from
Rhodophyceae (Red algae) collected from Mandapam
coastal regions southeast coast of India for proximate
composition evaluation. In that protein content varied
from 3.25±0.36 to 17.08±0.28%; maximum protein was
recorded in P. gymnospora (17.08±0.28%) followed by E.
intestinalis (16.38±0.50%) and S. tenerimum
(12.42±0.63%). The minimum protein concentration was
observed from U. lactuca (3.25±0.36%) followed by C.
tomentosum (6.13±0.23%), G. folifera (6.98±0.08%) and H.
valentiae (8.34±0.30%) Fig. 1. 

from 20.47±0.50 to 23.9±0.19%, in that the maximum
carbohydrate concentration was recorded from T.
conoides (23.9±0.19%) followed by E. intestinalis
(23.84±0.14%), H. valentiae (23.60±0.33%), S. tenerimum
(23.55±0.44%), A. spicifera (23.54±0.10%) and S. wightii
(23.50±0.65%). The minimum carbohydrate content was
observed from C. tomentosum (20.47±0.50%) followed by
P. gymnospora (21.88±1.22%), G. folifera (22.32±1.40%)
and C. sinuosa (22.46±1.79%) Fig. 2. 

The lipid content of seaweeds varied from 1.33±0.20
to 4.6±0.17; in that the maximum lipid content was
observed from E. clathrata (4.6±0.17%) followed by G.
folifera (3.23±0.13%), C. tomentosum (2.53±0.27%), C.
sinuosa (2.33±0.37%) and S. wightii (2.33±0.37%). The
minimum lipid concentration was recorded from E.
intestinalis (1.33±0.20%) followed by P. gymnospora
(1.4±0.30%), S. tenerimum (1.46±0.20%) and U. lactuca
(1.6±0.17%) Fig 3. 

DISCUSSION

The biochemical contents of Ulva lactuca,
Sargassum wightii and Gelidiella acerosa from Port
Okha were studied in relation to ecological factors by [44].
They presented the month-wise proteins, carbohydrates,
fat, crude-fibre, sodium, potassium, calcium and
phosphorus contents of these species. Dhargalkar [45],
estimating the major metabolites such as proteins,
carbohydrates, lipids, found carbohydrate is decreasing
in Ulva reticulate, probably due to the extensive growth
of the thallus. Protein values also followed the same trend
while lipids did not show any significant seasonal
variation. Marked changes in the chemical constituents
were found to occur with change of seasons,
environmental conditions as well as in the various phases
of plants growth and fruiting cycle. Pillai [20, 21, 16]
studied the seasonal variation in the major and minor
constituents of green, brown and red algae.

The present study percentage of carbohydrate
content of H. valentiae was higher than those of several
seaweed species of the red algae genus Hypnea collected
in Darwin Harbour [61], the Indian Tuticorin Coast [62]
and coastal Hong Kong [5]. 

In the present study, the protein contents of G.
folifera ranged from 7.76±0.64 to 9.63±0.75% which is
similar to the earlier works in several marine algae
estimated by Chidambaram and Unny [14]; Pillai [16];
Sitakara Rao and Tipnis [17,  18].  Species  of  Sargassum,
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Fig. 1: Shows the protein concentration of different seaweeds 
 

Carbohydrate concentration of seaweeds
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Fig. 2: Shows the carbohydrate concentration of different seaweeds 
 

Lipid concentration of seaweeds
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Fig. 3: Shows the lipid concentration of different seaweeds 
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Turbinaria and Gracilaria were analyzed by 6. Dawes, C.J., C. Kovach and M. Friedlander, 1993.
Chidambaram and Unny [14], the protein content was Exposure of Gracilaria to various environmental
found to be less than 10% whereas in Acanthophora conditions II. The effect on fatty acid composition.
muscoides and Centroceras clavulatum it was estimated Botanica Marina, 36: 289-296. 
as 22-26%. Dave and Parekh [62] studied 8 genera of 7. Kaehler, S. and R. Kennish, 1996. Summer and winter
green algae of Saurashtra coast, found significant comparisons in the nutritional value of marine
variation in protein in the same species of algae grown in macroalgae  from  Hong   Kong.   Botanica  Marina,
different localities and different periods. 39: 11-17. 

In general, seaweeds exhibit low lipid contents [63, 8. Darcy-Vrillon,   B.,    1993.    Nutritional    aspects  of
64]. In fact, in comparison to other chemical constituents, the   developing    use   of   marine   macroalgae  for
lipid contents were the smallest component observed for the  human  industry.  Intl.  J.  Food   Sci.  Nutrition,
the species studied. The lipid content of the seaweeds 44: 23-35.
significantly varies throughout the year. The present 9. Mabeau, S. and J. Fleurence, 1993. Seaweed in food
investigation exhibit lipid content of P. gymnospora products: Biochemical and nutritional aspects.
(1.4±0.30%), Trends in Food Sci. Technol., 4: 103-107.

S. tenerimum (1.46±0.20%) and U. lactuca 10. Fujiwara-Arasaki, T., N. Mino and M. Kuroda, 1984.
(1.6±0.17%) values were smaller than those obtained for The protein in human nutrition of edible marine algae
most of the seaweeds, which range from 2.80±0.23% to in Japan. Hydrobiologia., 116/117: 513516.
3.49±0.28 %. This value is relatively low; it is comparable 11. Nisizawa, K., H. Noda, R. Kikuchi and T. Watanabe,
to results obtained previous studies [65]. The literature 1987. The main seaweed foods in Japan.
has established that in seaweeds in general the lipid Hydrobiologia, 151/152: 5-29.
content is less than 4% [66]. The differences could have 12. Watanabe, T. and K. Nisizawa, 1984. The utilization
been due to factors such as climate and geography of of wakame (Undaria pinnatifida) in Japan and
development of the seaweed. The percentages of lipid manufacture of “haiboshi wakame” and some its
found in this study were slightly higher than previous biochemical and physical properties. Hydrobiologia,
reports for Phaeophytes, Chlorophytes and Rhodophytes 116/117: 106-111. 
[66-68]. 13. Ito, K. and K. Hori, 1980. Seaweed: Chemical
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