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Abstract

This study analyzed the physicochemical attributes
of raw dried seaweed samples (Eucheuma striatum,
Kappaphycus alvarezii and Eucheuma denticulatum)
obtained from different seaweed culture sites in the
MIMAROPA Region. The results showed that the
moisture content ranged from 35.70% to 38.67%, ash
content from 16.22% to 18.55%, impurities from
1.42% to 1.59%, and CAW (clean anhydrous
seaweed) from 40.40% to 50.03%. All parameters
tested met the local and international standards for
dried seaweeds. The samples underwent an alkali
extraction process to obtain Philippine natural grade
(PNG) carrageenan. The physicochemical attributes
analyzed included yield (35.36% to 47.96%), mois-
ture (15.38% to 16.99%), insoluble ash (0.96%), and
sulfate content (27.45% to 37.33%). The factors such
as yield, insoluble ash, and sulfate content were
consistent with previous studies. However, the
moisture content did not meet the required level,
which is an important parameter for dry additives
like carrageenan. The rheological properties of the
extracted carrageenan from the three samples were
assessed, including gel strength (205 g/cm2 to 320.22
g/cm2), gel viscosity (12.54 Cps to 13.59 Cps), gelling
point (18.59oC to 23.57oC), and melting point
(47.15oC to 60.25oC). Except for the gel strength, all
other parameters met the standards for carrageenan.
Overall, the physicochemical attributes and rheo-
logical properties of the carrageenan extracted from

the analyzed seaweed samples were mostly compli-
ant with the established standards, highlighting
their potential for various applications in the food
and pharmaceutical industries.

Keywords: Carrageenan, physicochemical proper-
ties, raw dried seaweeds, rheological properties

Introduction

The seaweed industry in the Philippines holds a
prominent position as one of the primary contribu-
tors to fisheries production in the country. In terms
of volume, it stands at the forefront among
aquaculture commodities, accounting for approxi-
mately 60-70% of the total aquaculture production
(BFAR, 2022). Key production areas for these
seaweeds are concentrated in BARMM, MIMAROPA,
Zamboanga Peninsula, and Central Visayas regions
(PSA, 2017). Due to the growing global demand for
high-quality carrageenan as a food ingredient, as
well as its applications in cosmetics and pharmaceu-
ticals, Eucheumatoids (specifically Kappaphycus and
Eucheuma) have emerged as the primary red
seaweeds cultivated in Southeast Asia, especially in
the Philippines (Valderrama et al., 2015). Kappaphycus
and Eucheuma varieties are widespread in the
Philippines, with cultivation taking place in 15
different regions across the country. This expansion
in cultivation is driven by the increasing market
demand for these seaweeds and their carrageenan
products (Buschmann et al., 2017).

Carrageenan is a naturally occurring polysaccharide
derived from various species of red seaweeds
(Campo et al., 2009). It is highly valued for its
versatile applications in the food, pharmaceutical,
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and cosmetic industries. It functions as a gelling
agent, thickener, stabilizer, and emulsifier, adding
texture, viscosity, and stability to various products.
It is widely used in dairy products, processed meats,
desserts, personal care products, and pharmaceuti-
cal formulations (Liu et al., 2015; Zia et al., 2017).
Furthermore, carrageenan is known for its potential
health benefits. Some studies suggest that carrag-
eenan may have antimicrobial, anti-inflammatory,
and antioxidant properties (Chen et al., 2019; Yew
et al., 2020).

The qualities of carrageenan can vary depending on
the place of origin and the species of seaweed from
which it is extracted (Lomartire & Gonçalves, 2022).
Different species of seaweed, such as Kappaphycus
and Eucheuma, can yield carrageenan with varying
properties (Bui et al., 2018; Jiang et al., 2022). The
chemical composition and structure of carrageenan
molecules can differ among seaweed species,
resulting in variations in gelling properties, viscos-
ity, and functionality (Aguilan et al., 2003). Further-
more, environmental factors, including temperature,
salinity, water quality, and nutrient availability, can
vary across different geographical regions. These
variations can influence the growth, composition,
and physiological characteristics of seaweeds (Liang
et al., 2022). As a result, carrageenan extracted from
seaweeds in different regions may exhibit differ-
ences in gel strength, rheological behavior, and other
physical properties (Rhein-Knudsen et al., 2017).

Hence, this study aims to understand the specific
characteristics of carrageenan from different sea-
weed sources for quality control and standardiza-
tion in the production process. By evaluating
parameters such as gel strength, viscosity, and other
rheological behavior, producers can ensure consis-
tent product quality and performance. Also, by
studying the characteristics of carrageenan from
various seaweed species, researchers can identify
the most suitable sources for specific applications.

Materials and Methods

Dried samples of three commercially important
seaweeds namely Eucheuma striatum, Kappaphycus
alvarezii, and Eucheuma denticulatum were obtained
from different seaweed culture sites in the
MIMAROPA Region from March to April 2023.
Identification of the samples was based on Hurtado
& Agbayani (2000) and Trono (1992). Samples were
delivered to the Center for Lake and Sustainable
Development (CLSD) laboratory of the College of

Fisheries, Laguna State Polytechnic University, Los
Baños Campus, Los Baños, Laguna.

The Philippine natural grade (PNG) from the three
seaweed samples was extracted following the method
of  Bono et al. (2014) and Moses et al. (2015), with
some modifications. Dried seaweeds were washed
several times to remove sand and debris. Then, the
samples were alkali-treated with 1% w/v potassium
hydroxide (KOH) for 3 h at 80oC to produce semi-
refined carrageenan (SRC). Samples were washed
with distilled water 3-4 times until neutral pH was
achieved. Seaweeds were chopped and soaked in 5%
sodium hypochlorite (NaCIO) for 15 min. After-
ward, samples were washed with distilled water to
remove excess NaCIO. Seaweed samples were oven-
dried for 15 h at 60oC, micronized into powder, and
sieved through #80 mesh. The yield of carrageenan
as a result of extraction was calculated based on the
percentage between the carrageenan weight pro-
duced and the weight of dried seaweed (AOAC,
1990). The yield was calculated using the following
equation:

Yield =
weight carageenan

x 100
weight seaweed

Raw dried seaweeds were subjected to moisture and
ash analyses. The extracted PNG carrageenan
powder was analyzed for moisture, ash, acid-
insoluble ash, and sulfate contents (AOAC, 1990;
PNS, 2012; Diharmi et al., 2020).

Fifty grams of dried seaweed was weighed in a glass
cup (Wo). Then the unwanted objects (other types
of seaweed, plastic, shells, coral, etc.) were separated
from the seaweed and weighed (Wd). Clean
Anhydrous Weed (CAW) was analyzed and the
impurities were calculated using the following
equation (Neish, 2008):

Crude impurities =
Wd

x 100
Wo

Fifty grams of dried seaweed (Wo) were soaked for
30 minutes and stirred every 5 minutes. Further-
more, the water was removed and added repeatedly
while stirring again. Then, the seaweed samples
were filtered and drained for 2 minutes. Meanwhile,
samples were placed in prepared aluminum foil,
dried in an oven at 60°C for 60 minutes, and
weighed (Wa). When constant weight was achieved,
the dried seaweed was weighed (Wd). The CAW
content was calculated using the following equation:
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CAW =
Wd -- Wa

x 100
Wo

Meanwhile, the gelling and melting point of the gel
was determined using the method of Luhan (1992),
with some modifications. About 2g of powdered
sample was mixed with 100ml distilled water (2%
solution) and boiled until observation of carrag-
eenan sol. Three tubes were filled with 10ml of the
solution and gelling and melting temperatures of
the three samples were determined by heating the
carrageenan in a water bath until the samples melt.
The melting point temperature was recorded when
the colored glass beads (6mm diameter) dropped at
the test tube’s bottom. On the other hand, gelling
point temperature was obtained when the last
colored glass bead remained at the surface. A
modification was made by adding ice to the water
bath when gelling point was observed to be lower
than the ambient temperature. The water bath
temperature was lowered to 10-15oC to facilitate
gelling. All analyses were done in triplicates.

The gel strength and viscosity were determined
using Bono et al. (2014) and Wardhana et al. (2022),
with some modifications. Gel strength was analyzed
by dissolving 3g of samples in 197mL of distilled
water. The solution was heated until it reached 80oC,
cooled, and stored at 10oC until it hardens. The gel
strength was measured using a gel tester. For
viscosity, about 2.7g of carrageenan sample was
dissolved and heated in 170mL of distilled water.
After dissolving the samples, the weight was set to
180g, so the concentration becomes 1.5% (w/w). The
solution was heated in a water bath while stirring
until it reached a temperature of 80oC. Viscosity was
measured using a gel viscometer.

All experiments were done in triplicates. Values
were expressed as mean and standard deviation.

Data were analyzed using a one-way analysis of
variance (p<0.05) followed by Tukey’s posthoc in
PAST v 4.0.

Results and Discussions

The physicochemical properties of the three raw
dried seaweed samples are shown in Table 1.
Significant differences were observed among the
percent CAW of the samples, while there are no
significant differences in terms of moisture, ash, and
impurities. The moisture contents of E. striatum, K.
alvarezii, and E. denticulatum were 35.30%, 35.70%,
and 38.67%, respectively. The values in this study
comply with the PNS BAFPS 85:2012 specifications,
which require Kappaphycus and Eucheuma to have
40% and 30% moisture content, respectively. Mois-
ture is a crucial parameter that the industry closely
monitors as it significantly impacts the quality of the
final product. Manufacturers aim to reduce mois-
ture levels to meet standard limits, ensuring that the
resulting product, in this case, raw dried samples
attained an acceptable quality standard (Zambrano
et al., 2019). In terms of ash content, the percentage
values ranged from 16.22 to 18.55. The results were
in accordance with international standards and
previously published literature.

The ash content of the three samples was acceptable
since it is within the international standard range of
15-40% (FAO, 2007). Similarly, Hussin et al. (2014)
reported an ash content of 23-26% for Kappaphycus
and 28-30% for Eucheuma. The ash content is a
crucial parameter that determines the nutritional
quality of seaweed. High levels of ash content in
algae make them unsuitable for human consump-
tion and also restrict their inclusion in animal diets.
This is because a high ash content hampers the
usability of seaweed as a food source, both for
humans and animals (Alghazeer et al., 2022).

Table 1. Physicochemical properties of raw dried seaweeds

E. striatum K. alvarezii E. denticulatum

Moisture (%) 35.30±1.89a 35.70±0.45a 38.67±1.57a

Ash (%) 16.44±2.22a 18.55±1.04a 16.22±0.70a

Impurities (%) 1.44±0.21a 1.59±0.18a 1.32±0.20a

CAW (%) 48.74±1.24a 34.14±3.23a 50.03±0.84b

Values were expressed in mean ± standard deviation. Values with different superscripts are statistically significant
(p<0.05)
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The percent impurities values observed in all the
samples are significantly lower than the maximum
limit of 3% set by the PNS BAFPS 85:2012 for raw
dried seaweeds, applicable to both the Kappaphycus
and Eucheuma species. Similar results were reported
by Shanmugam et al. (2017) wherein the impurities
derived from K. alvarezii were 0.56% only, while
Diharmi et al. (2020) revealed that E. cottonii from
Indonesia has 1.04-3.79% impurities. However,
Katili et al. (2019) reported high impurities in K.
alvarezii (7.23%) because of the drying methods
wherein drying was done on bamboo racks placed
on the ground. In the present study, the acceptable
results can be attributed to the post-harvest practices
adopted by farmers, wherein they manually remove
foreign matter that may be attached to the seaweeds
before the drying process. This intervention helps to
ensure that the dried seaweeds meet quality
standards by minimizing the presence of extraneous
materials. Also, to facilitate the drying process, the
farmers construct drying facilities with roofs made
of plastic material. These facilities are designed to
provide a controlled environment for drying. The
air-drying method is employed, wherein the sea-
weed is suspended or hung within the facility. This
method involves the circulation of air to remove
moisture from the seaweed, effectively facilitating
the drying process (Zhao et al., 2022).

CAW is the parameter used to determine the salt-
free dry matter content in seaweed. The results of
this study are in agreement with the PNS BAFPS
85:2012 for raw-dried seaweeds which sets the
minimum limit for Kappaphycus and Eucheuma
seaweed as 30% and 40%, respectively. Furthermore,
the samples also satisfy the international standard
which sets the minimum CAW at 40% (Periyasamy
et al., 2015). The results of this study are also in
agreement with other published studies wherein
CAW from dried Kappaphycus and Eucheuma varied

from 39-45% (Periyasamy et al., 2015; Subaryono &
Kusumawati, 2020).

The term Philippine Natural Grade (PNG) is used
to refer to Eucheuma seaweeds that are harvested in
the Philippines and Indonesia. These seaweeds are
then subjected to a direct treatment process using
alkali to alter the properties of carrageenan found
within the seaweed (FDA, 1994). In the present
study, carrageenan from the three seaweed samples
was extracted using alkali, resulting in PNG
carrageenan. The physicochemical qualities of the
extracted carrageenan are shown in Table 2.
Significant differences were observed in the yield of
E. denticulatum with the lowest yield. The low yield
in this species can be due to several reasons such
as the extraction method and culture conditions.
Lomartire & Gonçalves (2022) reported that the
characteristics of carrageenan can differ based on its
geographical origin and the specific seaweed species
used for extraction. Different species of seaweed,
such as Kappaphycus and Eucheuma, can yield
carrageenan with varying properties (Bui et al.,
2018; Jiang et al., 2022). Nevertheless, the yield from
the three samples using the alkali extraction method
described in this study has similar results to Ohno
et al. (1996) (54.5%), Hasizah et al. (2021) (29.6-
62.4%), and Darmawan et al. (2013) (30-41%).

Meanwhile, the moisture content of the carrageenan
extracted from the three samples has higher values
(15.38% to 16.99%) than other reported studies.
Wullandari et al. (2021) recommended a 7-9%
moisture content, while Basmal & Ikasari (2014) and
Sari et al. (2021) reported values of 11.73% and 8%,
respectively. Meanwhile, the EU requires an 8%
moisture content for food additive E407 or carrag-
eenan (EFSA, 2018). The high moisture content of
the three samples can be due to insufficient drying
time.

Table 2. Physicochemical properties of PNG carrageenan

E. striatum K. alvarezii E. denticulatum

Yield (%) 45.81±1.56a 47.96±2.03a 35.36±2.16b

Moisture (%) 15.38±0.96a 16.65±0.70a 16.99±1.16a

Insoluble Ash (%) 0.90±0.10a 0.96±0.06a 0.96±0.07a

Sulfate Content (%) 27.45±1.55b 36.88±2.57a 27.33±1.63b

Values were expressed in mean ± standard deviation. Values with different superscripts are statistically significant
(p<0.05).
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For the insoluble ash, no significant differences were
observed among the samples. The values ranging
from 0.90 to 0.96 comply with the international
standards for insoluble ash content of <1 (FAO, 2007;
National Research Council, 1981). The acid-in-
soluble ash content in seaweed is an indicator of the
presence of mineral or metal contaminants that
cannot be dissolved in an acid solution, such as silica
(Si) commonly found in quartz, stone, and sand
(Darmawan et al., 2013). The sorting process,
whether during the handling of raw materials or the
processing of the PNG carageenan, plays a crucial
role in minimizing the acid-insoluble ash content. A
high acid insoluble ash content indicates the
presence of mineral residue or insoluble metals that
cannot be effectively reduced during processing
(Syamsuar, 2006). On the other hand, low values of
acid-insoluble ash indicate that the PNG carrag-
eenan produced was free from contamination
during the processing steps. The sorting process is
essential to ensure the removal of any impurities or
foreign materials that could contribute to elevated
levels of acid-insoluble ash in the final product.

The sulfate content between Kappaphycus and
Eucheuma is significantly different with the former
having the highest value of 36.88%. In the study of
Basmal & Ikasari (2014), 6.74% sulfate was from K.
alvarezii, while Sari et al. (2021) reported that E.
cottonii has 11% sulfate content. Also, the results
were in accordance with CFR (2023) and FAO (2007)
wherein acceptable sulfate content is 20-40% and 15-
40%, respectively. Commercially available k-carrag-
eenan typically consists of approximately 22% (w/
w) sulfate, while iota-carrageenan contains around
32% (w/w) sulfate, and lambda-carrageenan con-
tains about 38% (w/w) sulfate (De Ruiter &
Rudolph, 1997). However, it is important to note
that significant variations in sulfate content can
occur due to variations between seaweed species or
different batches (Jiang et al., 2022; Bui et al., 2018).

The rheological properties of PNG carrageenan are
represented in Table 3. Results showed significant
differences in gel strength between Kappaphycus and
Eucheuma species, wherein the former has a gel
strength of 320 g/cm2. The gel strength of the three
samples was below the recommended values of FAO
(2007) of >400 g/cm2. In the study of Basmal &
Ikasari (2014) and Sari et al. (2021), the gel strength
of Kappaphycus and Eucheuma is 746 g/cm2 and 715
g/cm2, respectively. One essential property of
carrageenan is its ability to transform from a liquid
state to a solid state or convert a solution into a gel-
like substance (Necas & Bartokisova, 2013). Hence,
gel strength is a significant physical characteristic
that plays a crucial role in determining the
rheological properties of seaweeds. The gel strength
of carrageenan is primarily influenced by two
factors: sulfate content and 3,6-anhydrogalactose
(3,6-AG) content. The resulting colloid exhibits a
higher gel strength when the extracted carrageenan
has a low sulfate content or a high 3,6-AG content.
In other words, a decrease in sulfate content or an
increase in 3,6-AG content contributes to the
formation of stronger gels in carrageenan-based
products (Azevedo et al., 2013). The results of the
sulfate content of the three samples were relatively
high, hence, the low gel strength results. However,
this study’s results agree with Ohno et al. (1996)
with extracted carrageenan having a gel strength
ranging from 247-557 g/cm2.

The gel viscosity of the three samples is not
significantly different and was compliant with the
FAO (2014) standard of not >5 Cps at 75oC. The gel
viscosity range from 12.54 to 13.59 Cps which is also
in agreement with 16-97 Cps (Ohno et al., 1996) and
7 Cps (Sari et al., 2021). This means that the
extracted carrageenan from the samples was of good
quality and indicate good handling and proper
temperature application during the drying and
extraction process of the raw seaweeds. In the study

Table 3. Rheological properties of PNG carrageenan

E. striatum K. alvarezii E. denticulatum

Gel Strength (g/cm2) 205±4.34a 320.22±9.90b 297.25±5.91a

Gel Viscosity (Cps) 12.55±1.52a 13.59±1.31a 12.54±1.64a

Gelling Point (oC) 23.57±2.80ab 18.59±0.54a 20.47±0.47b

Melting Point (oC) 50.48±0.73a 47.15±0.84a 60.25±0.92b

Values were expressed in mean ± standard deviation. Values with different superscripts are statistically significant
(p<0.05).
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of Jiang et al. (2022), calcium-induced carrageenan
(Ca-IC) has a low viscosity which can be attributed
to the degradation of carrageenan molecules, due to
prolonged exposure to high temperatures. This
degradation process can lead to changes in the
structure and properties of carrageenan, including
its viscosity and gel-forming ability. Additionally,
the low molecular weight of carrageenan could also
contribute to the observed low viscosity of calcium-
induced carrageenan (Ca-IC). The smaller molecular
size of carrageenan molecules in Ca-IC may result
in reduced viscosity compared to other forms of
carrageenan.

The gelling point of carrageenan was found to vary
significantly between K. alvarezii and E. denticulatum,
indicating distinct gelation properties between these
two species. However, no significant differences in
gelling points were observed between E. striatum
and E. denticulatum. This suggests that E. striatum
and E. denticulatum share similar gelation character-
istics. Despite the differences, the values of all
samples satisfy the >35oC gelling point stipulated in
FAO (2014). Meanwhile, the melting points vary
significantly between K. alvarezii and E. denticulatum,
with the latter having the highest value of 60.25oC.
The results for the three samples were in accordance
with the FAO (2014) which sets the melting point
of carrageenan at above 60oC. The gelling point is
a crucial factor for the food industry when selecting
materials for their products. It represents the
temperature at which the food substance, such as
jelly, forms a gel-like consistency. Knowing the
gelling point allows food producers to determine
the minimum temperature required to maintain the
desired quality of the jelly. On the other hand, the
melting point is useful for determining the maxi-
mum temperature at which a food product can be
stored before it is consumed. By understanding the
melting point, food producers can establish the
temperature limits necessary to preserve the food’s
quality (Jiang et al., 2022; Darwaman et al., 2013;
Necas & Bartosikova, 2013).

Both Kappaphycus and Eucheuma species are com-
mercially important seaweeds in the Philippines.
The seaweeds harvested from the different culture
sites in the MIMAROPA region exhibited physico-
chemical and rheological characteristics that were
compliant with the Philippine and international
standards for raw dried seaweeds and carrageenan.
The variations of the present results to the existing
studies can be attributed to numerous intervening

factors originating from both internal and external
aspects of seaweed biology and post-harvest pro-
cesses.

Acknowledgments

The authors express their utmost appreciation to the
Center for Lake and Sustainable Development and the
College of Fisheries of the Laguna State Polytechnic
University Los Baños Campus for providing the labora-
tory materials and equipment.

References

Aguilan, J.T., Broom, J.E., Hemmingson, J.A., Dayrit, F.M.,
Montaño, M.N.E., Dancel, M. C.A., Niñonuevo, M.R.
and Furneaux, R.H. (2003) Structural analysis of
carrageenan from farmed varieties of Philippine
seaweed. Bot. Mar. 46(2): 179-192

Alghazeer, R., El Fatah, H., Azwai, S., Elghmasi, S., Sidati,
M., El Fituri, A., Althaluti, E., Gammoudi, F., Yudiati,
E., Talouz, N., Shamlan, G., AL-Farga, A., Alansari,
W.S., and Eskandrani, A.A. (2022) Nutritional and
non-nutritional content of underexploited edible
seaweeds. Aquac. Nutr. 2022:1-8

Association of Official Analytical Chemists (AOAC)
(1990) Official methods of analysis of the Association
of Official Analytical Chemists (15th ed.), 684 p,
Washington, DC

Azevedo, G., Hilliou, L., Bernardo, G., Sousa-Pinto, I.,
Adams, R.W., Nilsson, M. and Villanueva, R.D. (2013)
Tailoring kappa/iota-hybrid carrageenan from
Mastocarpus stellatus with desired gel quality through
pre-extraction alkali treatment. Food Hydrocoll. 31(1):
94-102

Basmal, J. and Ikasari, D. (2014) Production of semi refine
carrageenan (SRC) from Fresh Kappaphycus alvarezii
using modified technique with minimum use of
fuel. Squalen Bull. Mar. Fish. Postharvest Biotechnol.
9(1): 17-24

Bono, A., Anisuzzaman, S.M. and Ding, O.W. (2014) Effect
of process conditions on the gel viscosity and gel
strength of semi-refined carrageenan (SRC) produced
from seaweed (Kappaphycus alvarezii). J. King Saud
Univ. Eng. Sci. 26(1): 3-9

Bui, V.T., Nguyen, B.T., Renou, F. and Nicolai, T. (2018)
Structure and rheological properties of carrageenans
extracted from different red algae species cultivated
in Cam Ranh Bay, Vietnam. J. Appl. Phycol. 31(3):
1947-1953

Bureau of Fisheries and Aquatic Resources (BFAR). (2022)
Philippine Seaweed Industry Roadmap 2022-2026.
http://www.pcaf.da.gov.ph/wp-content/uploads/2022/
06/Philippine-Seaweed-Industry-Roadmap-2022-
2026.pdf (Accessed 25 June 2023)

Abel and Tolentino 50

© 2024 Society of Fisheries Technologists (India)  Fishery Technology 61 : 45-52



Buschmann, A.H., Camus, C., Infante, J., Neori, A., Israel,
Á., Hernández-González, M.C., Pereda, S.V.,
Gomez-Pinchetti, J.L., Golberg, A., Tadmor-Shalev, N.
and Critchley, A.T. (2017) Seaweed production: Over-
view of the global state of exploitation, farming and
emerging research activity. Eur. J. Phycol. 52(4): 391-
406

Campo, V.L., Kawano, D.F., Silva, D.B. and Carvalho, I.
(2009) Carrageenans: Biological properties, chemical
modifications, and Structural Analysis – A Review.
Carbohydr. Polym. 77(2): 167-180

Chen, X., Han, W., Zhao, X., Tang, W. and Wang, F. (2019)
Epirubicin-loaded marine carrageenan oligosaccha-
ride capped gold nanoparticle system for PH-
triggered anticancer drug release. Sci. Rep. 9(1):
p.6754

Code of Federal Regulations (CFR). (2023) Title 21,
Volume 3, Series 172.620. Food additives permitted for
direct addition to food for human consumption.
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/
cfcfr/cfrsearch.cfm?fr=172.620 (Accessed 23 June 2023)

Darmawan, M., Utomo, B.S.B. and Mulia, R.A.Y. (2013)
The quality of alkali-treated cottonii (ATC) made from
Eucheuma cottonii collected from different regions in
Indonesia. Squalen Bull. Mar. Fish. Postharvest
Biotechnol. 8(3): 117-127

De Ruiter, G.A. and Rudolph, B. (1997) Carrageenan
biotechnology. Trends Food Sci. Technol. 8(12): 389-
395

Diharmi, A., Rusnawati. and Irasari, N. (2020) Character-
istic of carrageenan Eucheuma cottonii collected from
the coast of Tanjung Medang Village and Jaga Island,
Riau. IOP Conf. Ser: Earth Environ. Sci. 404(1):
p.012049

EFSA Panel on Food Additives and Nutrient Sources
added to Food (ANS). (2018) Re-evaluation of
carrageenan (E 407) and processed Eucheuma sea-
weed (E 407a) as food additives. EFSA J. 16:(4): 5238-
5350

FAO. (2007) Food and Agriculture Organization- Joint
FAO/WHO Expert Committee on Food Additives
Specification (FAO- JECFA). (2007) ISBN:
9789251058664. 154 p, Food and Agriculture Organi-
zation of the United Nations, Rome, Italy

FAO. (2014) Monograph 16. Joint FAO/ WHO Expert
Committee on Food Additives Specification (FAO-
JECFA). https://www.fao.org/fileadmin/user_upload/
jecfa_additives/docs/monograph16/additive-117-
m16.pdf (Accessed 23 June 2023)

Food and Drug Administration (FDA). (1994) Carrag-
eenan Food Additive from the Philippines Conforms
to Regulations (Letter Report, 08/02/94, GAO/HEHS-
94-141). United States, Washington, D.C.

Hasizah, A., Mahendradatta, M., Laga, A., Metusalach, M.
and Salengke, S. (2021) Extraction of carrageenan from
Eucheuma spinosum using ohmic heating: Optimization
of extraction conditions using response surface
methodology. Food Sci. Technol. 41(4): 928-937

Hurtado, A.Q. and Agbayani, R.F. (2000) The Farming of
the Seaweed Kappaphycus. Aquaculture Extension
Manual, 25p, SEAFDEC. Tigbauan, Iloilo, Philippines

Hussin, R., Yasir, S.M. and Kunjuraman, V. (2014)
Potential of homestay tourism based on seaweed
cultivation from the views of seaweed cultivators in
district of Semporna Sabah, East Malaysia. SHS Web
of Conf. 12: p.01005

Jiang, F., Liu, Y., Xiao, Q., Chen, F., Weng, H., Chen, J.,
Zhang, Y. and Xiao, A. (2022) Eco-friendly extraction,
structure, and gel properties of é-Carrageenan ex-
tracted using Ca (OH)

2
. Mar. Drugs. 20(7): p.419

Katili, R.A., Dali, F.A. and Yusuf, N. (2019) Quality of
dried seaweed Kappaphycus alvarezii with traditional
drying methods from North Gorontalo. IOP Conf. Ser:
Earth Environ. Sci. 278(1): p.012039

Liang, Z., Wang, W., Liu, L. and Li, G. (2022) The
influence of ecological factors on the contents of
nutritional components and minerals in laver based
on open sea culture system. J. Mar. Sci. and Eng. 10(7):
p.864

Liu, J., Zhan, X., Wan, J., Wang, Y. and Wang, C. (2015)
Review for Carrageenan-based pharmaceutical
biomaterials: Favourable physical features versus
adverse biological effects. Carbohydr. Polym. 121: 27-
36

Lomartire, S. and Gonçalves, A.M. (2022) Novel technolo-
gies for seaweed polysaccharides extraction and their
use in food with therapeutically applications—a
review. Foods. 11(17): p.2654

Luhan, M.R. (1992) Agar yield and gel strength of
Gracilaria heteroclada collected from Iloilo, Central
Philippines. Bot. Mar. 35(2): 169-172

Moses, J., Anandhakumar, R. and Shanmugam, M. (2015)
Effect of alkaline treatment on the sulfate content and
quality of semi-refined carrageenan prepared from
seaweed Kappaphycus alvarezii Doty (Doty) farmed in
Indian waters. Afr. J. Biotechnol. 14(18): 1584-1589

National Research Council. (1981) Food Chemicals Codex
(FCC), 771 p, National Academy Press, Washington,
D.C.

Necas, J. and Bartosikova, L. (2013) Carrageenan: a
review. Vet. Med. 58(4): 187-205

Neish, I.C. (2018) Laboratory test procedures for raw-
dried seaweed and semi-refined carrageenan from
Eucheuma and Kappaphycus. SEAPlant.net Monograph
no. HB2H 1008 V3 LTP. https://seaplant.net/

Characteristics of Carrageenan from Seaweeds 51

© 2024 Society of Fisheries Technologists (India)  Fishery Technology 61 : 45-52



b i m p e a g a / i m a g e s / d o w n l o a d s /
SPNF_HB2H%201008%20V3%20LTP.pdf (Accessed 25
June 2023)

Ohno, M., Nang, H.Q. and Hirase, S. (1996) Cultivation
and carrageenan yield and quality of Kappaphycus
alvarezii in the waters of Vietnam. J. Appl. Phycol 8:
431-437

Periyasamy, C., Rao, P.V.S. and Anantharaman, P. (2015)
Spatial and temporal variation in carrageenan yield
and gel strength of cultivated Kappaphycus alvarezii
(Doty) Doty in relation to environmental parameters
in Palk Bay waters, Tamil Nadu, Southeast coast of
India. J. Appl. Phycol. 28(1): 525-532

Philippine National Standards (PNS). (2012) Dried Raw
Seaweed- Specification. 9p, Bureau of Agriculture and
Fisheries Product Standards. Department of Agricul-
ture, Philippines

Philippine Statistics Authority (PSA). (2017) Fisheries
Statistics of the Philippines, 2015 to 2017. https://
psa.gov.ph/sites/default/files/FSP_2015 -2017.pdf%3c
(Accessed 25 June 2023)

Rhein-Knudsen, N., Ale, M.T., Ajalloueian, F., Yu, L. and
Meyer, A.S. (2017) Rheological properties of Agar and
Carrageenan from Ghanaian red seaweeds. Food
Hydrocoll. 63: 50-58

Sari, D.K., Kustiningsih, I., Heriyanto, H., Wijayanto, A.S.
and Maulan, A.I. (2021) Physicochemical properties of
semi-refined Carrageenan by Bleaching Pretreatment.
Teknika J. Sains Teknol. 17(1): 8-14

Shanmugam, M., Sivaram, K., Rajeev, E.,
Pahalawattaarachchi, V., Chandraratne, P.N., Asoka,
J.M. and Seth, A. (2017) Successful establishment of
commercial farming of carrageenophyte Kappaphycus
alvarezii Doty (Doty) in Sri Lanka: Economics of
farming and quality of dry seaweed. J. Appl. Phyco.
29(6): 3015-3027

Subaryono and Kusumawati, R. (2020) Quality of
Eucheuma cottonii seaweed cultivated in Lampung
Waters. IOP Conf. Ser: Earth Environ. Sci. 404(1):
p.012067

Syamsuar, S.D. (2006) Characteristics of carrageenan from
Eucheuma cottonii at different harvesting time, KOH

concentrations and extraction time. Thesis, Bogor
Agricultural University, Bogor

Trono, G.C. (1992) Eucheuma and Kappaphycus: Taxonomy
and Cultivation. Bull. Mar. Sci. Fish Kochi Univ. 12:
51-65

Valderrama, D., Cai, J., Hishamunda, N., Ridler, N.,
Neish, I.C., Hurtado, A.Q., Msuya, F.E., Krishnan, M.,
Narayanakumar, R., Kronen, M., Robledo, D., Gasca-
Leyva, E. and Fraga, J. (2015) The economics of
kappaphycus seaweed cultivation in developing coun-
tries: A comparative analysis of farming systems. Aquac.
Econ. Manag. 19(2): 251-277

Wardhana, Y.W., Aanisah, N., Sopyan, I., Hendriani, R.
and Chaerunisaa, A.Y. (2022) Gelling power alteration
on kappa-carrageenan dispersion through esterifica-
tion method with different fatty acid saturation. Gels.
8(11): p.752

Wullandari, P., Sedayu, B.B., Novianto, T.D. and Prasetyo,
A.W. (2021) Characteristic of semi refined and refined
carrageenan flours used in the making of biofilm
(bioplastic). IOP Conf. Ser: Earth Environ. Sci. 733(1):
p.012112

Yew, Y.P., Shameli, K., Mohamad, S.E., Lee, K.X. and
Teow, S.Y. (2020) Green synthesized montmorillonite/
carrageenan/fe3o4 nanocomposites for ph-responsive
release of protocatechuic acid and its anticancer
activity. Int. J. Mol. Sci. 21(14): p.4851

Zambrano, V.M., Dutta, B., Mercer, D.G., MacLean, H.L.
and Touchie, M.F. (2019) Assessment of moisture
content measurement methods of dried food products
in small-scale operations in developing countries: A
Review. Trends Food Sci. Technol. 88: 484-496

Zhao, T., Dong, Q., Zhou, H. and Yang, H. (2022) Drying
kinetics, physicochemical properties, antioxidant ac-
tivity and antidiabetic potential of sargassum fusiforme
processed under four drying techniques. LWT. 163:
p.113578

Zia, K.M., Tabasum, S., Nasif, M., Sultan, N., Aslam, N.,
Noreen, A. and Zuber, M. (2017) A review on
synthesis, properties and applications of natural
polymer based carrageenan blends and composites. Int.
J. Biol. Macromol. 96: 282-301

Abel and Tolentino 52

© 2024 Society of Fisheries Technologists (India)  Fishery Technology 61 : 45-52



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


