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ABSTRACT

Manamelkudi, located along the Palk Strait of East coast of Tamil Nadu serve as treasure
houses for valuable marine resources like sea grass and seaweeds. A study was undertaken
at Agricultural College and Research Institute, Kudumiyanmalai during 2016-17 to

Keywords evaluate the nutritional composition of the seaweeds in order to use them as potential food

ingredients. Seaweed samples were collected from Manamelkudi village of Pudukkottai
G. salicornia, G. district at different time intervals i.e. March, July and November and were identified as
edulis, Nutritional Gracilaria salicornia and Gracilaria edulis at Botanical Survey of India, Coimbatore. The
and mineral identified seaweeds were assessed for their nutritional and mineral composition using
composition standard methods. G.edulis was rich in carbohydrate (86.58%), protein (1.98%), lipid
Article Info (0.86%) and fiber content (1.49%) when compared to G. salicornia (carbohydrates:

76.18%; protein: 1.86%; lipid: 0.51%; fibre: 1.41%). The ash content was found to be
Accepted: higher in G. salicornia (19.2%). The seaweeds G. salicornia and G.edulis contains fairly
Z/;ﬁ%feocl)i e, large amounts of N (0.29 and 0.32 mg/100g), P (15.10 and 5.90 mg/100g) and K (465.10
10 August 2018 . and 307.80 mg/100g) respectively. Both seaweeds also contained reasonable amounts of

micronutrients except Cu which was found below detectable limit. Heavy metals hamely

lead, chromium, cadmium, nickel and mercury were found below detectable level in both
the sea weeds. Hence, it may be concluded from the present study that the seaweeds G.
salicornia and G. edulis may be utilised as value-added products in human nutrition.

food, animal feeds, fertilizer and as sources of
traditional medicine in  many Asian
civilizations since ancient times. This old
tradition has attracted research toward
seaweeds, resulting in a large number of

Introduction

Increasing awareness among consumers about
health promoting foods has aroused interest in
food supplement research worldwide. In

addition to food supplements, consumption of
exotic foods with proven nutritional values has
also been gaining prominence in several
developed countries (Herrero et al., 2006).
Seaweeds have been recorded in human diets
at least from 600 BC. They have been used as

epidemiological studies that show the health
benefits linked to the consumption of seaweed
(Cassolato et al., 2008). Harvested in pure
seawater, seaweeds can be considered as
nature’s most complete and balanced nutrient
food source. Seaweeds are excellent dietary
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sources of vitamins, proteins, carbohydrates,
trace minerals and other bioactive compounds
(Kumar et al., 2008). Seaweeds provide all
essential minerals and vitamins along with
good amount of dietary fibers as well as
antioxidants. The mineral content of seaweeds
is highly significant and is probably
responsible for many health benefits (Mendis
and Kim, 2011). Many reports suggest that
seaweeds are quite rich in various types of
micro and macro nutrient such as calcium,
sodium, magnesium, iron etc. (Dawczynski et
al., 2007). Many macroalgal species have
been used as ingredients in both medicinal and
food preparations, traditionally, in different
regions across the world (Chandini et al.,
2008). Being rich in minerals, vitamins, trace
elements and bioactive potential substances,
seaweeds are called medical food of the 21
century (Khan and Satam, 2003). The
objective of the present study was to evaluate
the proximate and mineral composition of
seaweeds collected from Manamelkudi coast
of Pudukkottai district.

Materials and Methods
Collection of seaweeds

The seaweeds were collected from
Manamelkudi coast of Pudukkottai district and
were identified at Botanical Survey of India,
Coimbatore. The identified seaweeds are
Gracilaria salicornia (C.Agardh) Dawson and
Gracilaria edulis (S.G. Gmel.) P.C. Silva -
Gracilariaceae. The samples were washed in
sea and fresh water to remove salt, associated
organisms and other extraneous matters.

Then the seaweeds were spread on blotting
paper to remove excess water, then air dried
and powdered. The powdered samples were
then stored in refrigerator and used for the
estimation of nutritional parameters namely
carbohydrates, protein, lipid, fibre and ash
content and minerals.

Proximate analysis

The parameters determined for proximate
analysis include total carbohydrates, proteins,
lipids, fiber and ash content.

Carbohydrate

The total carbohydrate was estimated by
following the Phenol sulphuric acid method of
Dubois et al., (1956).

Protein

Total protein was estimated by the method of
Lowry et al., (1951).

Lipid

Lipids were estimated by the Folch et al.,
(1957) method.

Fiber

The content of dietary fiber in seaweeds was
determined according to the AOAC enzymatic
gravimetric method (AOAC official methods
of Analysis, 2005).

Ash content

The ash content of the seaweeds was
determined by incinerating 1g of the sample
taken in a silica crucible and kept in a muffle
furnace at 600°C. After incineration, the net
content was cooled and weighed and
expressed in terms of percentage.

Determination of mineral element

The seaweed (2g) was taken in a glass
container and 10 ml of perchloric acid was
added to it and left without disturbance for 5
min (to remove the organic constituents
present in it). Then, 10 ml of concentrated
nitric acid was added to it and incubated for 5
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min and then added with 10 ml of HCI. The
mixture was allowed to evaporate and the final
residue was dissolved in 10 ml of concentrated
HCI. The filtrate was subjected to analysis in

atomic absorption spectrophotometer. The
minerals analyzed were potassium,
manganese, iron, copper, zinc, lead,

chromium, cadmium, nickel and mercury.
Total nitrogen was estimated by Microkjeldhal
method (Humphries, 1956) and phosphorus by
Fiske and Subbarow (1925) method.

Statistical Analysis

All the analyses were performed in triplicates
and the results were statistically analyzed and
expressed as mean (n=3) * standard deviation
(SD).

Results and Discussion

Findings have shown that the nutritional
composition of seaweeds varies with species,
geographic area, season of the year and
temperature of water, by which seaweeds can
presumably be signalled to stimulate or inhibit
the biosynthesis of different component
nutrients.  Despite  these variations in
nutritional components, reports on certain
edible seaweeds show that many of them still
contain significant amounts of protein,
vitamins and minerals essential for human
nutrition.

Seaweeds have been identified and grouped in
three different classes, including brown algae
(Phaeophyta), red algae (Rhodophyta) and
green algae (Chlorophyta).

In the case of red seaweeds there are five
major edible genera, including Porphyra,
Palmaria,  Gracilaria,  Gelidium and
Kappaphycus (Eucheuma). In particular,
numerous red seaweeds of the genus
Gracilaria are utilised as fresh food in many
parts of the world.

In the present investigation an attempt was
made for proximate composition and mineral
content of Gracilaria salicornia and
Gracilaria edulis to provide a good estimation
in order to evaluate their potential use as food
ingredients.

Proximate composition

The proximate composition including
carbohydrate, protein, lipid, fiber and ash
content was determined (Table 1).

Carbohydrate is one of the important
components for metabolism and it supplies the
energy needed for respiration and other most
important processes (Gokulakrishnan et al.,
2015). The concentration of carbohydrate was
higher in Gracilaria edulis (86.58 + 2.03%)
than Gracilaria salicornia (76.18 + 0.4 %).
Proximate composition analysis of macroalgae
has reported carbohydrates as the most
abundant component (Omer et al.,, 2013)
constituting up to 90.83% of the dry matter of
the seaweeds.

Proteins have crucial functions in all the
biological processes. Their activities can be
described by enzymatic catalysis, transport
and storage, mechanical sustentation control.
The mean protein content in Gracilaria edulis
was found to be 1.98 + 0.01% and 1.86 +
0.21% in Gracilaria salicornia. The crude
protein content of Gracilaria salicornia from
Mkomani is found to be 7.86+0.03% which is
similar to that of the protein content in most
Gracilaria species which ranges from 7-13%
(Briggs and Smith, 1999). Variations in the
protein content of seaweeds can be due to
factors such as species, seasons and
geographic area (Fleurence 1999, Sanchez-
Machado et al., 2004)

In general, the lipid provides very much level
of energy in oxidation process than other
biological compounds. They comprise as a
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storage material for living organisms. In
macro algae lipids are widely spread world-
wide (Miller, 1962). In the present study 0.86
+ 0.07% and 0.51 + 0.04% of lipid was
recorded in Gracilaria edulis and Gracilaria
salicornia respectively. The crude fat content
of most seaweed species was generally less
than 3.0% which was comparable to previous
studies (Polat and Ozugal, 2008; Marsham et
al., 2007).

Dietary fibers promote beneficial
physiological effects including laxation and
blood cholesterol regulation. Dietary fibers
can bind toxic compounds and thus eliminate
their mobility in the organism of the
consumer. In the present investigation, G.
edulis recorded higher fiber content (1.49 +
0.17%) when compared to G. salicornia (1.41

+ 0.20%). The results are in accordance with
the reports of Tabarsa et al., (2012) and
Sakthivel and Pandima Devi (2015). Ash
content in seaweeds is generally high and the
essential minerals and trace elements needed
for human nutrition are present in seaweeds.

These wide ranges of minerals are usually not
found in edible land plants. Mineral content in
seaweeds vary with species, geographical
origin, season, environment and processing of
seaweeds. Seaweeds usually contain ~20% ash
content which is quiet high compared to most
vegetables (Sanchez-Machado et al., 2004), in
which ash value falls within the range of 5-
10%. In this investigation ash content in
Gracilaria salicornia (19.2 + 0.72%) recorded
higher than ash content in Gracilaria edulis
(7.83 £ 0.06%).

Plate.1 Gracilaria salicornia
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Table.1 Proximate composition of Gracilaria salicornia and Gracilaria edulis

Proximate composition (g/100g Gracilaria edulis
Carbohydrate

Protein

Values are expressed by mean + SD of triplicates

76.18 = 0.40 86.58 +2.03
1.86+0.21 1.98 £0.01
0.51+£0.04 0.86 £ 0.07
1.41+0.20 1.49+0.17
19.2+0.72 7.83 £ 0.06

Table.2 Concentration of macronutrients in Gracilaria salicornia and Gracilaria edulis

Mineral composition (g/100g
Nitrogen
Phosphorus
Potassium

Gracilaria salicornia Gracilaria edulis

0.29 0.32
15.10 5.90
465.10 307.80

Table.3 Concentration of micronutrients in Gracilaria salicornia and Gracilaria edulis

Mineral composition (g/100q)
Manganese
ron
Copper
Zinc

Lead
Chromium
Cadmium
Nickel

Mercury
BDL — Below Detectable Limit

Nutrient analysis

Seaweeds are considered as very good source
of minerals. Important minerals accumulate in
seaweeds at much higher levels than in many
well-known terrestrial sources of minerals
such as meat and spinach. Even a small
proportion of daily intake of seaweeds (~25Q)
fulfils the minerals requirement of an adult
human as recommended by Dietary Reference
Intake (DRI), 2000. Seaweeds are an
excellent nutrient source, containing high
amounts of macro and micronutrients.

Gracilaria salicornia Gracilaria edulis

0.03 0.01
1.7 0.5
BDL BDL
0.01 0.01
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
Among the macro minerals, potassium

(465.10 and 307.80 mg/100g) was the most
abundant element, followed by phosphorus
(15.10 and 5.90 mg/100 g) and nitrogen (0.29
and 0.32 mg/100 g) in the two seaweeds
Gracilaria salicornia and Gracilaria edulis
studied respectively (Table 2). A similar trend
was reported by other authors (Chan and
Matanjun, 2017; Matanjun et al., 2009; Li,
2009), who found that K was the main
mineral element. In biological systems, heavy
metals have been reported to affect cellular
organelles and components such as cell
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membrane, mitochondrial, lysosome,
endoplasmic reticulum, nuclei, and some
enzymes involved in metabolism,
detoxification, and damage repair (Wang and
Shi, 2001). Metal ions have been found to
interact with cell components such as DNA
and nuclear proteins, causing DNA damage
and conformational changes that may lead to
cell cycle modulation, carcinogenesis or
apoptosis (Beyersmann and Hartwig, 2008).
Reactive oxygen species (ROS) production
and oxidative stress play a key role in the
toxicity and carcinogenicity of metals
(Yedjou and Tchounwou, 2006).

Heavy metals are harmful to human health.
Lead, for instance, has carcinogenic
properties, and it impairs both the respiratory
and digestive systems and suppresses the
immune system; this metal is particularly
harmful in children, damaging their
intelligence and nervous systems (Preuss,
1993).

Cadmium  accumulates easily in the
circulatory system, kidney (especially the
renal cortex), lung, and heart, and is toxic to
bones and gonads (Rezende et al., 2011).
Chromium is harmful to the skin, liver,
kidney, and respiratory organs, causing
various diseases, such as dermatitis, renal
tubular necrosis, perforation of the nasal
septum, and lung cancer (Gad, 1989).
Excessive copper intake can cause nausea,
vomiting, kidney failure, blood cell damage,
and central nervous system inhibition. Nickel
is primarily accumulated in the spinal cord,
brain, and organs due to its mutability and
carcinogenicity (Hashem et al., 2011).

The results showed that Gracilaria salicornia
and Gracilaria edulis contains reasonable
amounts of micronutrients namely Mn, Fe and
Zn and no detectable levels of copper, lead,
chromium, cadmium, nickel and mercury
(Table 3).

Although concerns have been raised regarding
the accumulation of heavy metals in humans,
toxicological investigations have extensively
showed that most of the heavy metals (As,
Cd, Cu, Hg, Pb, Zn) in algal biomass are
generally below the toxic limits allowed in
several countries (Indegaard and Minsaas,
1991). The results of the current study is in
agreement with the study of Tabarsa et al.,
(2012) who reported that G. salicornia and U.
lactuca had any detectable amounts of Cd, Zn
and Pb.

The seaweeds Gracilaria salicornia and
Gracilaria edulis exhibited high carbohydrate
and ash contents, appreciable quantities of
protein and crude fibre as well as low total
lipid. It was shown that both the seaweeds
contain  relatively  high  levels  of
macrominerals and reasonable levels of
micronutrients analysed except copper and
heavy metals which was found below
detectable levels. These two edible seaweeds
exhibited a broad spectrum of nutritional
compositions which make them excellent
candidates for a healthy food for human
nutrition.
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