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Abstract

In the present study, the biochemical composition of some Echinodermata (Holothuroidea, Echinoidea) from the
Red Sea, Egypt was investigated. The results showed that the highest percentage of saturated fatty acids (SFA)
was in Holothuria nobilis and the lowest percentage was recorded in Holothuria scabra. The highest percentage
of monounsaturated fatty acids (MUFA) was recorded in Pearsonothuria graeffei while the lowest percentage
was recorded in Holothuria atra. The highest percentage of polyunsaturated fatty acids (PUFA) was recorded in
Holothuria nobilis and the lowest percentage was recorded in Holothuria atra. The highest percentage of omega-3
fatty acids was recorded in Stichopus hermanni however, the lowest percentage was recorded in Diadema setosum.
The highest percentage of omega-6 fatty acids was recorded in Bohadschia vitiensis where, the lowest percentage
was recorded in Holothuria atra. In addition, nonessential amino acid (NEAA) glycine were the highest in all species
and serine was the lowest while Essential amino acid (EAA) arginine was the highest and cysteine was the lowest.
All of the NEAA recorded highest concentrations in S. hermanni except proline. The recorded essential amino acids
were histidine, isoleucine, phenylalanine, and leucine. The latter was high in Pearsonothuria graeffei. Tyrosine,
valine, threonine, and arginine were high in Stichopus hermanni. The present study proved that sea cucumbers
has great nutritional value.

Keywords: amino acids, fatty acids, Red Sea, Holothuria, Pearsonothuria, Diadema, Bohadschia, Stichopus.

Resumo

No presente estudo, investigou-se a composi¢do bioquimica de algumas espécies Echinodermata (Holothuroidea,
Echinoidea) do Mar Vermelho no Egito. Os resultados mostraram que a maior porcentagem de acidos graxos
saturados (SFA) foi na espécie Holothuria nobilis e a menor porcentagem foi registrada em Holothuria scabra. A
maior porcentagem de acidos graxos monoinsaturados (MUFA) foi registrada na espécie Pearsonothuria graeffei,
enquanto a menor porcentagem foi registrada em Holothuria atra. O maior percentual de acidos graxos poli-
insaturados (PUFA) foi registrado em Holothuria nobilis e o menor percentual foi registrado em Holothuria atra. A
maior porcentagem de acidos graxos dmega-3 foi registrada na espécie Stichopus hermanni, entretanto, a menor
porcentagem foi registrada em Diadema setosum. A maior porcentagem de acidos graxos dmega-6 foi registrada em
Bohadschia vitiensis e a menor porcentagem foi registrada em Holothuria atra. Além disso, o nivel de aminoacido
ndo-essencial (NEAA) glicina foi o mais alto em todas as espécies e o de serina foi o mais baixo, enquanto o nivel
de aminodacido essencial (EAA) arginina foi o mais alto e a cisteina foi o mais baixo. Todos os NEAA registraram
concentragdes mais altas em S. hermanni, exceto prolina. Os aminoacidos essenciais registrados foram histidina,
isoleucina, fenilalanina e leucina. A leucina apresentou alto nivel na espécie Pearsonothuria graeffei. Tirosina, valina,
treonina e arginina apresentaram niveis elevados em Stichopus hermanni. Assim, o presente estudo comprovou
que o pepino-do-mar possui grande valor nutricional.
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1. Introduction

Extracts of marine invertebrates especially echinoderms
attained intensive investigatory activities due to their
nutritive and benifets for human health (Katanaev et al.,
2019; Luparello et al., 2019). Many studies have
demonstrated the consumption of fresh or dried food of
sea cucumber and sea urchins. Consumption methods
vary from country to country. In Japan, the body wall
of sea cucumber is eaten raw while it is grilled in New
Guinea (Preston, 1993). On the other hand, the body wall
in living sea cucumber has the ability of regeneration
and therefore is used in wound healing (Fredalina et al.,
1999). Sea cucumbers is known to have aphrodisiac
power (Singh, 1980). Holothurin or saponins (triterpene
glycosides) is a biological active compound found in
sea cucumbers (Nigrelli, 1952; Yamanouchi, 1955). This
compound is used in the treatment of Hypertntion, gastric
ulcer and asthma (Kaswandi et al., 1993; Ridzwan et al.,
1995, 2014; Hasan et al., 1996). Saponins were also used
to kill protozoans and molluscs, have an analgesic, anti-
nociceptive, antioxidant activity, to impair the digestion
of protein, to cause hypoglycemia and to act as antifungal
and antiviral agent (Francis, et al., 2002; Desai et al., 2017).

Sea urchins are important elements of many cuisines.
Approximatly 50,000 tons of sea urchins are captured every
year. Sea urchin’s gonads are consumed especially in France,
Japan and Peru. Their taste is soft, melting and sweet like
fruit. Their quality is indicated by the colour, which ranges
from light yellow to bright orange. Some species of sea
cucumbers and sea urchins are medically important where
some species produce toxins that have pharmaceutical uses
in medical purposes (Mona et al., 2012; Raghunathan et al.,
2013; Katanaev et al., 2019; Luparello et al., 2019;
Chen et al., 2020).

After the depletion of natural stocks in many localtion,
Egypt has become one of the most important sea cucumber
suppliers (Lovatelli et al., 2004). Sea cucumber is considered
as nonpopular food and not favorable for most people in
Egypt. The Egyptian sea cucumber has very low content of
fats while having high protein and carbohydrates content.
This is why it is suggested as a source of food in Egypt
especially Actinopyga mauritiana that contains high protein
content and Holothuria scabra which is rich in omega-6.
In addition, the bioactive compounds of sea cucumber
are highely efficent in treating inflammatory diseases,
tissue regeneration, and suggested to be important food
for patients with hyperlipidemia (Omran, 2013)

Some compounds have antimicrobial activity or act
as anti-inflammatory agents. Some other species are
commercially important as food delicacy in the oriental
region. They are considered as a multimillion-dollar
industry that processes and sells the body wall and
gonads. However, the high value of such species along
with the ease of their collection from shallow water and
their top-heavy age structures all lead to the collapse and
overexploitation their natural populations as well as the
depletion of their fisheries in some regions (Mona et al.,
2012; Raghunathan et al., 2013; Katanaev et al., 2019;
Luparello et al., 2019; Chen et al., 2020).

2/7

2. Materials and Methods

2.1. Collection of Echinoderm specimens

Sea cucumbers and sea urchins spacemens were collected
from different sites of the Red Sea, Egypt. Holothuria scabra,
Pearsonothuria graeffei, Stichopus hermanni, and Diadema
setosum were collected from the shorefront of the National
Institute of oceanography and fisheries, Hurghada branch.
Holothuria atra and Holothuria nobilis were collected from 17
km south Safaga City in the front of the mangrove protected
area. Holothuria leucospilota and Bohadschia vitiensis were
collected from El-Hamrawein harbor (20 km north of Al-
Qusier City). Echinometra mathaei was collected from Ras
Gharib shore. Samples were collected by snorkeling and
SCUBA diving (15m maximum depth).

Samples for biochemical preparations had small parts of
the tissue cut off. Tissues of sea cucumber and sea urchin
were immediately frozen in liquid nitrogen in the field
and later transferred to a -80 °C freezer.

2.2. Biochemical analysis

Biochemical analysis were done for nine echinoderm
species; seven species of sea cucumbers namely (Holothuria
atra, Holothuria nobilis, Holothuria leucospilota, Holothuria
scabra, Bohadschia vitiensis, Pearsonothuria graeffei, Stichopus
variegatus) and two species of sea urchins (Diadema setosum,
Echinometra mathaei).

2.3. Fatty acid analysis

2.3.1. Gas liquid chromatographic techniques

The animals were cleaned and dissected to remove the
visceral organs and body fluid before homogenization.
Lipids from sea cucumbers and sea urchins species were
extracted separately. After phase equilibration, the lower
chloroform layer (TL) was removed and dried in a rotary
vacuum evaporator at 32 °C. The extracted lipids were
redissolved in chloroform/methanol (9:1, v/v) and finally
stored at 0 °C until used (Bligh and Dyer, 1959).

The following conditions were used in gas liquid
chromatography for analysis of oil subfraction of n-hexane
fraction using FID detector. The column used was a capillary
column (30 m x 250 mm x 0.25 pm) and packed with DB-5
(5% Phenyl, 95% Methyl polysiloxane). The injected volume
was 1 pl. The analysis was carried out at a programmed
temperature. The initial temperature was 40 °C increasing
10 °C/min to 150 °C for 3 min then 10 °C/min to 220 °C for
6 min then 15 °C/min to 280 °C for 28 min. Run Time 61
min, 2 min (Post Run) 260 °C, Flow Program 0.5 mL/min
for 10.9 min then 1 mL/min per min to 1 mL/min for 30
min GC-MS (7890A-5975B).

2.4. Amino acids content

The acid hydrolyzed amino acids by amide bound
breakage were determined according to (Pellet and
Young, 1980).

2.4.1. Reagents
- Diethyl ether (for defatting process);
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- 6N HCI (515.46 mL from HCl 36% was completed to
1000 mL bidistilled water);
- Bidistilled water.

2.4.2. Procedures

For each dry sample of the present echinoderms, 1 g
was defatted using diethyl ether and 0.4 g was hydrolyzed
in sealed evacuated pyrex test tube using 5 mL of 6 N
hydrochloric acid at 110 °C for 24 hrs. At the end of the
period, hydrolysate from each sample was transferred
quantitavely to containers and the hydrochloric acid was
then evaporated to dryness at 50-60 °C in water bath.
Distilled water (5 mL) was added to each hydrolysate
and then evaporated to dryness to remove the remins of
hydrochloric acid, this process was repeated one more time.
Then samples were dried until to dry film was obtained. The
dry film was dissolved in a known volume of dilution buffer
(0.1N sodium acetate buffer, Ph 2.2) and the solution was
filtered through 0.45 mm membrane filter and the samples
were stored frozen in sealed vials until fractionation of the
amino acids by the amino acid analyzer (LC 3000 Eppendorf,
Central Lab of Desert Research Center).

3. Result

3.1. Fatty acids

3.1.1. Saturated Fatty Acids (SFA)

The present study showed the fatty acids contents in the
nine echinoderm species Table 1. The saturated C:16 fatty
acid composition was the highest (28.68%) in Holothuria
nobilis and the lowest (8.63%) was in H. scabra. A high overall
mean was recorded for all species (21.82 £ 6.97%). The C:21
fatty acid content showed the lowest percentage range
(1.06% in H. atra to 7.96% in Diadema setosum), and a low
overall mean was recorded for all species (approximately
4.62 + 2.41%). The highest percentage of saturated fatty
acids was recorded in H. nobilis (81.25%), and the lowest
percentage was recorded in H. scabra (28.06%). The overall
mean across all studied species was 55.29 + 15.82%.

3.1.2. Monounsaturated fatty acids (MUFA)

Regarding to monounsaturated fatty acids, C:18 fatty
acid content was the highest (42.99%) in Pearsonothuria.
graeffei and the lowest (8.72%) in H. atra, the high overall
mean for all species was (27.31 + 11.48%). The C:20 fatty
acid content showed the lowest percentage range (0.00%
in H. leucospilota to 7.96% in D. setosum), and a low overall
mean was recorded across all species (approximately
3.62 £ 2.65%). The highest percentage of monounsaturated
fatty acids (MUFA) was recorded in P. graeffei (47.96%), while
the lowest percentage was recorded in H. atra (13.23%). The
overall mean for all studied species was 30.93 + 12.09%.

3.1.3. Polyunsaturated fatty acids (PUFA)

The sea cucumber H. nobilis showed the highest
percentage of polyunsaturated C:18 fatty acid (17.71%) and
the lowest (4.72%) in Holothuria atra, and a high overall
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mean was recorded for all species (10.58 + 4.17%). The
C:20 fatty acid content showed the lowest percentage
range (0.00% in Bohadschia vitiensis to 6.09% in Stichopus
hermanni), and a low overall mean was recorded for
all species (3.42 + 1.87%). The highest percentage of
polyunsaturated fatty acids was recorded in H. nobilis
(20.59%), and the lowest percentage was recorded in H. atra
(7.85%). The overall mean for all species was 14 + 5.02%.

3.1.4. Omega-3 fatty acids

The percentage of C:16 fatty acid was the highest
(16.28%) in D. setosum and the lowest (4.28%) in
H. scabra, and a high overall mean was recorded for all
species (10.7 £4.08%). The C:29 fatty acid content showed
the lowest percentage range (0.00% in H. atra, H. leucospilota,
B. vitiensis, Echinometra mathaei, and D. setosum to 5.72%
in P. graeffei), and a low overall mean was recorded for all
species (1.42 £ 2.08%). The highest percentage of omega-3
fatty acids was recorded in S. hermanni (43.91%), and the
lowest percentage was recorded in D. setosum (24.06%).
The overall mean for all species was 30.62 * 6.87%.

3.1.5. Omega-6 fatty acids

The echinoderm D. setosum recorded the highest
percentage of C:16 fatty acid content (4.85%) while the
lowest (0.00%) was in H. leucospilota. The high overall
mean was recorded for all species (1.41 = 1.39%). The
content of C:22 fatty acid showed the lowest percentage
range (0.00% in H. leucospilota, E. mathaei and D. setosum
to 2.46% in B. vitiensis), and a low overall mean for all
species was recorded (approximately 0.91 + 0.97%). The
highest percentage of omega-6 fatty acids was recorded
in B. vitiensis (8.23%), and the lowest percentage was
recorded in H. atra (4.76%). The overall mean for all species
was 8.35 +2.88% (Table 1).

3.2. Amino acids

Table 2 shows the amino acids profile in the in nine
investigated echinoderms which contains a total of
6 nonessential amino acids (NEAA) and 10 essential
amino acids (EAA). All of the NEAA were found in high
concentrations in S. hermanni except for proline. Glycine
(GLY) and glutamine (GLU) had the highest concentrations
among the NEAA (121.59 and 90.77 mg/g) respectively in
S. hermanni. The concentration of proline was the highest
in H. atra (41.11 mg/g). The overall mean among all species
was the highest for GLY (65.84 + 32.41) and the lowest
was for serine (14.14 + 1.98). The concentrations of NEAA
were low in E. mathaei.

Essential amino acids were found in higher
concentrations in some species than others. histidine,
isoleucine, phenylalanine, and leucine were found in
high concentrations (17.47, 18.43, 21.99 and 25.89 mg/g)
respectively in P. graeffei. However, in S. hermanni was
having high concentrations of tyrosine, valine, threonine,
arginine (14.96, 22.99, 29.28 and 74.34 mg/g) respectively.
Methionine was in high concentration (8.38 mg/g) in
H. leucospilota; while cysteine concentration was high in
H. scabra (7.74 mg/g). The overall mean of arginine for all
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Table 1. Fatty acids profile in nine echinoderm species, (percentage, mean and standard deviation (SD))

3 .
3 2 - g T g
g T = S = & é 2 g 2 g a
2 = = = - o “ = % S s 2

C:16 28.17 17.2 28.68 26.82 24.08 27.75 8.63 16.26 18.75 21.82 6.97
C:17 0.33 5.07 13.83 13.89 8.74 10.91 5.97 7.78 11.91 8.71 4.47
C:18 9.29 2.48 9.29 7.16 3.44 3.58 6.58 1.29 4,61 5.3 291
C:19 0.33 5.07 13.83 0 8.74 10.91 0 7.78 0 5.18 5.37
C:20 4.51 4.64 7.61 2.51 497 6.61 2.71 3.44 7.96 4.99 2.01
C:21 1.06 4.68 7.61 2.51 497 6.61 2.71 3.44 7.96 4.62 2.41
C:27 4.01 0 0.4 2.94 1.78 0.89 1.46 26.41 4.1 4.67 8.29
Total SFA 47.71 39.14 81.25 55.84 56.72 67.26 28.06 66.4 55.28 55.29 15.82
C:18 8.72 35.61 33.79 21.22 42.99 27.87 17.12 19.15 39.33 27.31 11.48
C:20 4.51 0 0.41 2.51 497 6.61 2.71 2.93 7.96 3.62 2.65
Total MOFA 13.23 35.61 3419 23.74 4796 34.48 19.83 22.08 4729 30.93 12.09
C:18 4.72 11.65 17.71 9.69 11.67 12.39 6.13 6.89 14.37 10.58 417
C:20 3.13 5.98 2.87 0 3.25 6.09 214 3.24 4.09 3.42 1.87
Total PUFA 7.85 17.63 20.59 9.69 14.92 18.48 8.27 10.14 18.46 14 5.02
C:14 1.46 0 24 1.54 135 1091 1.42 6.45 4.44 3.33 3.44
C:16 10.81 14.75 6.62 15.26 9.58 8.38 4.28 10.35 16.28 10.7 4.08
C:20 5.35 0 4.58 718 3.22 12.7 3.23 3.29 2.35 4.66 3.61
C:23 3.82 0.5 1.09 0 1.88 5.34 143 0.51 0 1.62 1.83
C:24 0.35 6.26 0 0 0 0 0 6.45 0.98 1.56 2.74
C:27 1135 12.63 4.9 9.88 9.98 3.7 13.57 0 0 733 5.28
C:29 0 0 0.86 0 5.72 2.9 3.33 0 0 142 2.08
Omega-3 33.15 34.14 20.45 33.86 31.72 43.91 27.25 27.04 24.06 30.62 6.87
C:14 0.35 6.27 0 0 0 0 0 5.24 0 132 2.53
C:16 1.96 0 1.2 0.98 0.94 113 0.6 1.07 4.85 141 1.39
C:20 0.84 0 3.73 2.33 1.61 0 1.61 1.79 0 132 1.26
C:21 1.53 0 1.89 2.46 1.69 1.01 14 0 0 111 0.92
C:22 0.07 0 1.89 2.46 1.69 0.68 142 0 0 0.91 0.97
C:31 0 4.79 0.4 0 2.63 0.89 3.48 0 0 135 1.82
C:34 0 0 1.47 0 4.59 2.2 0 0 0 0.92 1.60
Omega-6 4.76 11.06 10.57 8.23 13.15 5.91 8.51 8.1 4.85 8.35 2.88

species was the highest (24.98 + 17.79) and cysteine was
the lowest for (2.38 + 2.86).

4. Discussion

The present study evaluated the nutrition value of nine
echinoderm species by studying their amino acids and
fatty acids content. The results showed species specific
variations in amino acids and fatty acids concentrations.
Previous studies indicated that the chemical composition
and proximate analysis of sea cucumbers and sea urchins
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may differ among species and among members of the
same species from different regions (Wang et al., 2009).

This work indicated that the studied species are
particularly rich in total saturated fatty acid (SFA) and
monounsaturated fatty acids (MUFA) especially Holothuria
scabra and Holothuria nobilis and Pearsonothuria graeffei.
This result is in agreement with that reported by
Yahyavi et al. (2012) while higher concenterations were
reported by Ridzwan et al. (2014). The higher content of
C: 16 fatty acid and C: 18 PUFA in Holothuria nobilis than in
Holothuria scabra, and the lower content of both C: 18 MUFA
and C: 18 PUFA in Holothuria atra was in contradiction with

Brazilian Journal of Biology, 2022, vol. 82, e246309
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Table 2. Concentrations of essential (EAA) and nonessential (NEAA) amino acids in nine echinoderm species (percentage, mean and
standard deviation (SD)).

= g

g B " 2 . i g

= ] -~ S @ = §o = @ g g

< = = = = 5 N “ S g = a8

NEAA
Serine 1339 1504 1185 1337 1314 16 1856 1378 1215 1414 210
Glutamine 69.71 7003 5295 6047 6306 4933 9077 4368 3732 597 16.18
Proline 4111 5193 2957 3856 2741 1515 3769 1593 1246 2998  13.55
Glycine 8052 1033 7125 7371 5954 2279 12159 3896 209 6584 3438
Alanine 3952 529 379 3982 3596 2691 7141 2324 1508 3808 1664
Asparticacid 4561 4337 3649 4245 4525 4346 6819 3878 3433 4421 9.81
EAA

Threonine 1988 1996 1447 1618 2014 2013 2928 182 1584 1934 430
Cysteine 582 413 0 7.74 0 0 0 0 375 238 304
Valine 1564 2224 1331 1607 154 2208 2299 1757 165 1798 354
Methionine 3.62 838 34 472 4.96 749 674 59 6.33 5.73 1.70
Isoleucine 964 1312 7 988 1195 1843 1395 1499 1408 1256  3.39
Leucine 1418 1924 1333 1538 1784 2589 2347 2078 1937  18.83 419
Tyrosine 6.73 9.75 7.07 59 8.01 946 1496 897 724 868 269
Phenylalanine 932 1779 1074 817 1403 2199 2184 1642 1274 1478 510
Histidine 904 1068 623 819 827 1747 1262 1028 1409 1076 347
Arginine 1566 2434 2057 2325 2104 1592 7434 1451 1517 2498  18.87

the results of Ridzwan et al. (2014) who found other three
species containing high amounts of C: 16 fatty acids namely:
Holothuria scabra, Holothuria leucospilota and Holothuria
atra. Polyunsaturated fatty acids and monounsaturated
fatty acids have grate importance for human health.
These results are in line with previous studies conducted
Romashina (1983), Svetashev et al. (1991) and Aydin et al.
(2011). However, in the present study the total MUFA and
PUFA were lower than that reported by Wen et al. (2010).
Ridzwan et al. (2014) recorded higher values of PUFA while
MUFA was lower compared with the present study. PUFA
content is one of the vital aspects used to determinethe
food quality. The high content of PUFA in the studied
echinoderms suggest a higher activity of their biosynthetic
system (Sushchik et al., 2003). Furthermore, Long-chain
n-3 PUFA play major role in physiological processes of
human body (Brett and Miiller-Navarra, 1997). furthermore,
sea cucumbers species are rich in glycosides containing
triterpene or steroide copounds thet are anticancer and
antitumurs (Katanaev et al., 2019; Luparello et al., 2019)
and improves carbohydrate metabolism in insulin resitant
patients (Chen et al., 2020).

The value of Omega-3 in the present study was lower
than that reported by Yahyavi et al. (2012). This is normal
where it differs even in the same species from different
localities (Wang et al., 2009) due to the environmental and
nutritional factors. The present study was done in the Red

Brazilian Journal of Biology, 2022, vol. 82, e246309

Sea with special seasonal temperature that may reflect
the difference in the Omega concentration. Differences in
the fatty acid content in sea cucumbers depend on their
environmental conditions, in particular the temperature
of water, which influence the composition of fatty acid
(Aydin et al.,, 2011).The difference of fatty acid content
may be related to the feeding habit of sea cucumbers, as
they differs in their sediment uptake. Holothurians contain
high levels of fatty acids due to their feeding on on bottom
sediments. This is why the fatty acid profiles of Holothuria
scabra and H. leucospilota are of major interest. High levels
of branched chain fatty acids are known to be found in
the sediments as mentioned by Leo and Parker (1966),
Sargent et al. (1983), Phillips (1984) and Dunstan et al.
(1988). It is believed that marine organisms have more
fatty acids of the w-3 series than freshwater organisms
(Ackman, 1967). The results of this study showed high-
contents of fatty acids, especially o-3-series MUFA in
Stichopus hermanni (43.91%), which are vital fatty acids
in human food, with a high level of total PUFA found in all
specimens; these echinoderms were used in traditional
medicin and food sublements (Bahrami and Franco, 2016).
Furthermore, the results are in agreement with those from
previous studies such as Yahyavi et al. (2012).

In the present work, all of the echinoderm species
showed high levels of glycine, which is in agreement
with the results of other studies such as Wen et al. (2010),
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Bordbar et al. (2011), Omran (2013) and Haider et al.
(2015). All the studied species considered as source of
glycine where it helps in the creation of muscle tissues
and conversion of glucose to energy. Moreover, intake of
glycine before bedtime improve sleeping (Yamadera et al.,
2007; Liu et al., 2017).

The sea cucumber Stichopus hermanni had the highest
amounts of amino acids among the investigated species
however, the sea urchin Echinometra mathaei had the
lowest values. In Malaysia, S. hermanni is considered as a
traditional remedy for hypertension. The present study
showed that the content of essential amino acid (EAA)
was lower than the content of nonessential amino acid
(NEAA), which agrees with Omran (2013). Amino acids are
considered as stress response indicators and have a vital
role in controlling oxidative stress (Matés et al., 2002).
Worldwide, sixty six commercial sea cucumber species
are exploited to date (Purcell, 2010). Since the 1990s, small
scale fisheries of sea cucumber started in Egypt; fishermen
collecte them and processe meat for export to Singapore
and Hong Kong (Lawrence et al., 2004).

5. Conclusion

Marine animals especially invertebrates are rich in
natural compounds of both commercial and medical
importance such as food supplements, and therabiotic
usage. There are a lot of unexploited marine invertebrates
having a lot of economic and social benefits as food sources,
anti-cancer, anti-microbial, anti-inflamatory, antioxidants
and immunomodulatory agents.

The present work spread the light to magnify the
utilization from the marine invertebrate treasury to
improve the socio-economic outcome.
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