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Abstract

Gracilaria is a red alga notable for its economic importance as a major source of agar world-wide. Considering
its importance and the very limited data available in the locality, this study was conducted to determine the
abundance, standing stock, nutritional composition, agar yield and some of the agar properties of G. salicornia
along the coast of Iligan Bay. Using the transect-quadrat method, the abundance and biomass was determined in
the intertidal flat of Barangay Minaulon, Bacolod, Lanao del Norte, while the analysis of nutritional composition
and agar extraction was done using the standard methods. Results showed that the cover value of G. salicornia
was 67.53+51.43% and its mean biomass was 218.35+74.20 g/m2. The nutritional composition represented by
protein, fat, carbohydrate, ash and moisture content was within the values specified for seaweeds. The agar yield
was 2.18+0.22% and the average gel strength was 70.87+14.07 g cm. It was concluded that the wild populations
of G. salicornia in Iligan Bay were high based on its cover and standing stock, hence sustainable for commercial
exploitation for agar production. Lastly, its nutritional composition was in considerable quantities and within the

values specified for seaweeds.
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Introduction

Gracilaria is one of the genera that comprise the
greatest number of species in the family
Gracilariaceae (Rhodophyta), with the majority of
them being reported from warm-water and tropical
regions (Santos, 1990). Currently, this genus is the
major world-wide agar source (McDermid and
Stuercke, 2003; Freile-Pelegrin and Murano, 2005;
Baghel et al., 2011). Five (5) species of Gracilaria: G.
arcuata Zanardini, G. salicornia (C. Agardh) Dawson,
G. canaliculata Sonder, G. eucheumoides Harvey and
G. coronopifolia J. Agardh have been found in
abundance along the coast of Iligan Bay (unpublished
studies). However, information on biomass
productivity of these red seaweed species is lacking.
In addition, only two (2) of these species have been
shown to have potential for agar production as well as
their nutritional composition. Sumile et al. (2015)
reported the agar yield of 22.86% (dry weight) for G.
arcuata while it was 14.32% for G. coronopifolia.
Moreover, the carbohydrate, protein, lipid, ash and
moisture content of G. coronopifolia and G. arcuata
were comparable to those reported for several other

species of the genus Gracilaria.

Agar has many applications depending on its quality.
Properties that determine its quality include the
melting and gelling temperatures, gel strength,
breaking strength, cohesiveness, breaking energy and
rigidity. Agar from Gracilaria species is widely used
in food preparation. In this study, the standing stock
of Gracilaria salicornia, which is one of the most
abundant Gracilaria species along the coast of Iligan
Bay, its nutritional composition, agar yield and

quality are presented.

Materials and methods

Study area

Collections were made at the intertidal flat of
Barangay Minaulon, Bacolod, Lanao del Norte (08°
11’ 50” North Latitude 124° 3’ 2” East Longitude).
Barangay Minaulon was chosen as the sampling area
because of its high diversity in G. salicornia. The
intertidal area was covered mostly by seagrass and

seaweeds. Landward was a mangrove forest and

2020

seaward was a coral reef. The major substratum

consists of a mixture of sand and rocks.

Plant collection

The red seaweed G. salicornia were collected
randomly during low tide in 2016. Sampling for
abundance and biomass estimation was carried out
according to English et al. (1997). In the laboratory,
samples were sorted and washed thoroughly with tap
water to remove rock debris and epiphytes. Plants for
biomass determination were then dried in an oven at
105°C to a constant weight, while plants for
biochemical components and agar extraction were
rinsed with tap water and dried first in the sun and
then oven dried at 60°C to constant weight.

Protein, fat, carbohydrate, ash and moisture
analysis

Dried samples of G. salicornia were ground into
powder and were brought to the Chemical Testing
Laboratory of the Department of Science and
Technology, Cagayan de Oro City for analysis.
Analysis of crude protein was done using Kjeldahl
method, total fat by hydrolysis and solvent extraction
method, ash content by dry ashing procedure,
moisture content by air oven method, and total
carbohydrate content by computational method
[Carbohydrate = 100% - (% protein + % fat + % ash +
% moisture)]. The method used for the analysis of
crude protein, total fat, ash content and moisture
content was based on OMA AOAC (2008) and the
values were expressed as percentage on dry weight

basis.

Agar extraction and quality determination

The agar extraction was done following the method of
Rath & Adhikary (2004) and the agar yield was
calculated based on the formula described by
Hurtado-Ponce & Umezaki (1988). Agar gelling and
melting temperature and gel strength at 1.5% w/v was
tested according to Oyieke (1993). Other physical
properties such as breaking strength, deformation or
cohesiveness, breaking energy and rigidity were
tested following the method of Hurtado-Ponce and

Umezaki (1988) with some modifications.
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Results and discussion

Abundance and biomass

The abundance of G. salicornia represented by
percent cover was 67.53+51.43% and its biomass was
218.35+74.20 g/m?2, respectively. This value was
higher than the highest biomass value (~20 g/m?2)

obtained for the same seaweed species harvested
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from Negros Islands in the Philippines (Calumpong et
al., 1999) and likewise along the Tanzanian coast
([Cover: 20.00+22%; Biomass: 59.80+66.00g/m?2]

Buriyo and Kivaisi, 2003).

These values seemed high for sustainable commercial

exploitation for agar production in this area.

Table 1. Levels of carbohydrate, protein, total fat, ash and moisture content measured in G. salicornia (mean +

SD). Values are presented as percent (%) dry weight.

Nutritional Composition

Carbohydrate 24.94 + 1.70
Protein 5.12 + 0.4
Total Fat 0.48 + 0.02
Ash 4.75 + 0.75
Moisture 64.74 £+ 1.91

Nutritional composition

In this study, the carbohydrate content of G.
salicornia was 24.94+1.70. Carbohydrate in seaweeds
is of immense importance since it is utilized as a good
source of dietary fibers for human nutrition (Baghel
et al., 2014). Red seaweeds were reported to have
high carbohydrate content compared to other group
of seaweeds (Fleurence, 1999; Ahmad et al., 2012).
The protein content was 5.12+0.44% and the value
was comparable to the sample obtained from

Oheshm, Iran ([9.58+0.15]; Tabarsa et al., 2012).

Seaweed protein is called complete protein with all
the essential amino acids at levels close to that
recommended by FAO/WHO (Wong and Cheung,
2000; Matanjun et al, 2009) and higher protein
content are recorded in green and red seaweeds
[(average: 10-30% of dry weight); Wong and Cheung,
2001]. The total fat content in G. salicornia was
0.48+0.02%. Generally, seaweeds have very low total
fat contents (Dawes, 1998). Moreover, the moisture
content was 4.75+0.75% and ash content was
64.74+1.91%; and the value was higher than those
specified for terrestrial counterparts with only 5% -
10% dry weight (USDA, 2001). Such higher ash
contents were reported to contain microelements
animal nutrition

important for human and

(Mantanjun et al., 2009).

Agar yield and physical properties

The agar yield was 2.18+0.22% and this value was
relatively lower when compared to the previous
studies done on Gracilaria salicornia (Hurtado-
Ponce and Umezaki, 1988; Calumpong et al., 1999;
Buriyo and Kivaisi, 2003) which might be due to the
method used in agar extraction (Buriyo and Kivaisi,
2003). In this study, the seaweed sample was treated
with alkali (5% NAOH) and this sometimes results to
the degradation of polysaccharides and loss of agar by
diffusion during the extraction process, as suggested
by authors (Freile-Pelegrin and Murano, 2005).
Similar result was observed by Buriyo and Kivaisi
(2003) where alkali treated sample of Gracilaria
salicornia had reduced to 31-56 % in Oyster Bay, Dar
es Salaam and 25-35 % in Chwaka Bay, Zanzibar. In
contrast, other studies showed higher agar yield when
treated with alkali (Hurtado-Ponce and Umezaki,
1998; Arvizu-Higuera et al., 2008). In addition,
environmental changes brought about by season
would also affect the agar yield of seaweeds even in
tropical habitats (Nelson et al., 1983). In this study,
collection of G. salicornia was done during northeast
monsoon or “amihan”. This season is characterized by
low nutrients, elevated light intensity, temperature
and salinity (Buriyo and Kivaisi, 2003). This
condition might have affected the agar yield of G.

salicornia hence the value was low.
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Table 2. Yield and physical properties of agar extracted from G. salicornia.

Value
Yield (%) 2.18 £ 0.22
Gel strength (g cm™) 70.87 + 14.07
Gelling temperature (°C) 32.65 + 2.29
Melting temperature (°C) 80.13 £ 0.25
Breaking strength (g) 131.38 + 3.50
Cohesiveness (mm) 5.00 + 0.93

Breaking energy (g mm)

659.63 + 138.62

Rigidity (g mm™)

26.99 + 4.38

The average gel strength of G. salicornia was
70.87+14.07 g cm2 and lower than those reported in
previous studies for the same species because gel
strength of agar would vary depending on season of
harvest, location and extraction process (Hoyle, 1978;
Kumar and Fotedar, 2009; Villanueva et al., 2010;
Muiioz and Fotedar, 2011). According to Yaphe and
Duckworth (1972) and Hurtado-Ponce and Umezaki
(1998), agars extracted from Gracilaria species
normally form soft and elastic gels and are mainly
used in food industry rather than in bacteriological
United

Pharmacoepia standards require that agars have a

applications. = Moreover, the States
congealing temperature between 32°C — 39°C and
that they do not melt below 85°C. The gelling
temperature (32.65+2.29°C) of agar extracted from
Gracilaria salicornia was within the range specified
by United States Pharmacoepia but it had a low
melting temperature (80.13+0.25°C). Similar result
was observed by Hurtado-Ponce and Umezaki (1988),
Oyieke (1993, 1994) and Calumpong et al. (1999) on
the gelling and melting temperature of G. salicornia
sampled from different areas. Other physical
properties of agar extracted from G. salicornia such
as the breaking strength (131.38+3.50), cohesiveness
(5.00+0.93), breaking energy (659.63+138.62), and
rigidity (26.99+4.38) were comparable to the study of
Hurtado-Ponce and Umezaki (1988) for the same

species.

Conclusion

The abundance and standing stock of wild
populations of Gracilaria salicornia were high for

sustainable commercial exploitation of this red

seaweed for agar production in Iligan Bay. Also, its
nutritional composition was within the values
specified for seaweeds, hence there is a potential for
this species to be used as raw material or ingredients
in human diet and animal feed. However, similar to
other studies using the same species its agar quality is
below the standard for commercial bacteriological
agar therefore, it can only be used in applications that

require soft gels unless its quality is improved.
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