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Abstract.

Sahoaki (Tripneustes gratilla), abundant in Sangihe Island, is a food ingredient by local people.
This study aims to determine the chemical composition, fatty acid profile (bioactive content of
omega-3, omega-6, and omega-9 fatty acids), and amino acid profile of the sahoaki gonads from
Sangihe Island, Indonesia. The fatty acid profile was tested using the Gas Chromatography
method (GC 7890B), while the amino acid profile was tested using Liquid chromatography-mass
spectrometry. The results of research on fresh sahoaki gonads showed that the chemical
composition: water content (84.24 and 85.99)%, fat (3.77 and 2.67)%, protein (10.12 and
9.34)%, carbohydrates (0.08 and 0.05)%, and ash (3.19 and 2.95)%. Fatty acid profile: there are
14 saturated fatty acid profiles, seven monounsaturated fatty acid profiles, nine polyunsaturated
fatty acid profiles, the total content of omega-3 (19.46 and 15.95%), omega-6 (16.25 and 16,
39 %), and omega-9 (12.94 and 13.94%). Seven amino acid profiles were detected, consisting of
five essential amino acids and two non-essential amino acids. Sahoaki gonads have good
nutritional value because they contain high omega-3, Omega-6, and Omega-9 fatty acids and are
equipped with essential amino acids, which have the potential as functional food ingredients.
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I INTRODUCTION

Indonesia is a country that has a long coastline of about 108,000 km and has been crowned as the
largest archipelagic country in the world [1, 2]. It makes the existence of marine fauna in Indonesia very
diverse, including animal echinoderms that dominate coastal waters. Sea urchins have significant economic
value, especially as highly nutritious food and export commodities. In addition, sea urchins have an
important role in marine ecology, acting as a controller for microalgae populations and a determining factor
for the abundance of shallow-water marine plants [3]. Feather gonads can be consumed and have high
economic value [4]. Sea urchin gonads are an export commodity to countries such as Japan, China, Korea,
Canada, France, Russia, and the United States [5-7]. The selling price of sea urchins in Japan ranges from 50
to 500 US dollars per kilogram [8]. One type of sea urchin often consumed and traded is Tripneustes gratilla.
The great potential of the marine sector in Indonesia still needs to be optimized in line with the application of
the blue economy concept, one of which is the processing industry based on marine resources. One of the
biological resources with a high level of species diversity is the sea urchin; there are around 950 sea urchins
spread throughout the world [9], while in Indonesia, as many as 84 species come from 48 clans and 21 tribes
[7, 10]. Sea urchin groups are one of the inhabitants of seagrass beds and coral reefs [6, 11-14]—these
animals like the habitat clear on a rigid substrate. Sea urchins (Echinoidea) are invertebrate animals often
found in rocky and sandy tidal areas [15].

One of the three species of sea urchins in the genus Tripneustes is the Tripneustes gratilla; the other
two are the Tripneustes ventricosus and the Tripneustes depressus. Oceans all over the world are home to
this species, including the West Pacific, East Africa, the Southern Islands, Australia, and Southern Japan
[16]. Previous studies have shown that Tripneustes gratilla is abundant in Indonesian waters [17-26].
Tripneustes gratilla is generally characterized by a dark color, the upper surface of the body is slightly
curved, and the lower body is flat; the shell structure is tough, calcareous, and filled with white spines mixed
with orange; the pedicle is white with a dark or black base [27]. Tripneustes gratilla is a sea urchin with
various colors that symbolize environmental adaptability. [19]. Tripneustes gratilla makes seagrass meadows
the best habitat for growth and protection from waves, predator attacks, and sunburn by trying to cover itself
with pieces of algae, seagrass, or coral fragments [28].Food availability in an area will affect the food
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consumption pattern of the people there [29]. Communities in an area use the results of nature to meet their
food needs [30]. People in Sangihe Islands Regency used abundant Tripneustes gratilla as a food source.
Sahoaki is a local term for the people in Sangihe Islands Regency to refer to Tripneustes gratilla (see Figure
1). Communities in the Sangihe Islands Regency use sahoaki gonads (see Figure 1) as food ingredients to be
processed into daily side dishes.

The most prominent characteristic of how they consume sahoaki is mixing the sahoaki gonads into
the porridge given to the baby. They acknowledge that sea urchin gonads taste good when consumed but are
unaware of their nutritional value. The characteristics of the gonads of sea urchins that have a pleasing taste
are seen from the color (yellow and red) and texture (dense and smooth) of the gonads [31].Containing 18
amino acids, B complex vitamins, vitamin A, minerals, and omega-3 and omega-6 unsaturated fatty acids,
sea urchin gonads can be used as a food source [32]. A previous study [33] discovered that sea urchin gonads
contained 15 types of detectable amino acids, 8 of which were essential and 7 of which were non-essential.
Additionally, methionine, valine, phenylalanine, isoleucine, leucine, threonine, lysine, and histidine are the
essential amino acids found in the three gonads of the sea urchin. However, non-essential amino acids like
arginine, aspartate, glutamate, serine, glycine, alanine, and tyrosine were examined. Glutamate is the most
abundant amino acid in protein foods and the brain's most abundant free amino acid [34]. Glutamate plays a
crucial role in normal brain function [35]. Glycine can lower stomach acidity, stimulate the release of growth
hormone, and aid in wound healing and muscle development [36]. The quality of protein depends on the
completeness of its essential amino acid levels. Omega-3 unsaturated fatty acids are effective at lowering
human cholesterol levels and are also found in sea urchins. Lipids, proteins, and carbohydrates are a group of
biological macromolecules that are very important for living things [37]. Thus, the human body requires the
gonads of sea urchins as an additional nutrient-dense food source.

Fig 1. Sahoaki (Tripneustes gratilla): body (left) and gonads (right)

The abundance of sahoaki (Tripneustes gratilla) on the coast of the Sangihe Islands and its role as a
food ingredient by the local community is the basis for the importance of researching more about the
nutritional value of gonad sahoaki. In addition, there has yet to be a published research article specifically
looking at the nutritional value of sahoaki in the Sangihe Islands Regency. Therefore, our study aims to
determine the chemical composition (water content, fat, protein, carbohydrates, and ash), fatty acid profile
(contain bioactive fatty acids omega-3, omega-6, and omega-9), and profile gonad amino acid sahoaki at two
different locations in Sangihe Islands Regency, North Sulawesi Province, Indonesia. The results of this study
are helpful for the community as information about the nutritional value of sahoaki gonads and as a
recommendation for making sahoaki gonads an essential ingredient for baby porridge formulations to create
a functional food product that is safe and healthy.
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1. METHODS

Materials

The raw materials for analysis are sahoaki (Tripneustes gratilla) gonads taken from two locations,
namely on the Lapango coast and Manalu coast in Sangihe Islands Regency, North Sulawesi Province,
Indonesia. The chemicals used for analysis include distilled water, HCI, NaCl, Na2SO4, NaOH, CuS04, and
K2S04.

Instrumentation

The equipment for research consists of a set of distillation apparatus, soxhlet extraction tube,
Kjeldahl flask, biuret for titration, electric heater, oven, analytical balance, Gas Chromatography (GC
7890B), and LCMS (Liquid chromatography-mass spectrometry).

Procedure

The research was designed experimentally with the exploratory, descriptive research design used.
Chemical composition analysis refers to [38]. Fatty acid profiles (Saturated Fatty Acid (SFA), Mono
Unsaturated Fatty Acid (MUFA), Polyunsaturated Fatty Acid (PUFA), omega-3, omega-6, and omega-9)
were tested using the Gas Chromatography method (GC 7890B). On the other hand, Amino acid profiles
were tested using LCMS (Liquid chromatography-mass spectrometry). We carried out the testing site for
chemical composition, fatty acid profile, and amino acid profile at the Integrated Research and Testing
Laboratory (LPPT) at Gadjah Mada University, Yogyakarta, Indonesia.

. RESULT AND DISCUSSION

The Chemical Composition

The chemical composition of the gonads of sahoaki was determined by proximate analysis. The
analysis included moisture, fat, protein, carbohydrates, and ash content. The results of the analysis carried
out on fresh gonads from two locations on the coast of the Sangihe Islands are shown in Table 1. The
analysis of the chemical composition of the two locations showed a slight difference, which was probably
caused by environmental factors where the sea urchin Tripneustes gratilla lived.

Table 1. Chemical Composition of Sahoaki (Tripneustes gratilla) Gonads

Chemical Composition (%) Lapango Coast Manalu Coast
Water 84.24 85.99
Fat 3.77 2.67
Proteins 10.12 9.34
Carbohydrates 0.08 0.05
Ash 3.19 2.95

This study's results are similar to the research conducted [39]. The chemical composition of the
gonads Tripneustes gratilla is 73.55% moisture, 3.42% ash, 2.76% fat, 10.68% protein, and 8.25%
carbohydrates. However, there are some differences with research conducted by [31] on fresh gonads of
Diadema setosum from Ambon Island waters; the moisture content was 73.76% - 84.13%, ash 0.20% -
2.12%, fat 3.47% - 5.81%, protein 5.40% - 17.69%, carbohydrates 2.11% - 7.50%. The chemical
composition can vary between species, individuals within a species, and parts of an individual. These
variations can be caused by several factors, including age, metabolic rate, movement activity, food, and
conditions before and after the egg-laying season. Type, age, habitat, nutrition, and water conditions
significantly affect the nutritional composition of sea urchin gonads [31]. The water content in the gonads of
the sea urchin Tripneustes gratilla studied at two coastal locations on the Sangihe Islands was 84.24% and
85.99%.

These results have a higher water content than the results of previous studies [39], namely the gonad
water content of the sea urchin Tripneustes gratilla of 73.55% and [33] namely 66.86% - 77.24%, but not
different from other studies [31] fresh gonads of Diadema setosum from Ambon Island waters obtained a
water content in the range of 73.76% - 84.13%. The high water content is caused by the habitat of sea
urchins, which spend their whole lives in the waters. Differences in chemical composition can occur due to
the season when caught, reproductive phase, sex, and environmental or water conditions [40]. These
differences reflect the original form of the material consumed, such as plankton, as well as the result of the
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metabolism of the material consumed.The gonad fat content of the sea urchin Tripneustes gratilla in this
study was 3.77% and 2.67%. This result was higher than the gonadal fat content of fresh Diadema setosum,
which was studied from Martafons waters at 3.47% and Waai at 0.85% and lower in Sopapei waters at
5.81% [31], and did not differ much from the lipid content in Tripneustes gratilla studied by Hasan [39]
which only reached 2.76%. The fat content in the gonads of sea urchins D. setosum, E. calamaris, and E.
diadema were 6.89%, 5.71%, and 3.65%, respectively [33]. Differences in fat content in the gonads of sea
urchins are thought to be due to the different gametogenesis phases in each species. Besides that, the diet of
the organism itself also influences it.

The age of the species and the degree of gonad maturity can both have an impact on differences in
fat content [41].The gonad protein levels of Sahoaki sea urchins of the type Tripneustes gratilla, studied at
two coastal locations of the Sangihe Islands, were 10.12% and 9.34%. These results were lower than
previous studies [33], which stated that the gonadal protein levels of sea urchins D. setosum, E. calamaris,
and E. diadema were 12.60%, 11.40%, and 13.20%, respectively. However, this is similar to the protein
content of the Tripneustes gratilla, which is 10.68% [39]. In another study [42] on the gonads of edible sea
urchins, Paracentrotus vilidus, from several regions, namely Oristano, Alghero, Cagliari, and Sassari, the
protein content of the four samples was 10.96%, 11.64%, 12.20%, and 10.60%. The protein content in the
gonad samples of the studied sea urchins did not differ much from the protein content in Tripneustes gratilla
and was in the same range as Paracentrotus vilidus. The difference in protein levels is likely due to the
different types of sea urchins and aquatic habitats. Also, factors of type, age, size, and environmental or
habitat conditions affect protein content [33]. One of the factors that affect the fat content in the gonads of
sea urchins is food. There are two food sources for sea urchins: non-planktonic, which does not come from
plankton but comes from the parent egg yolk, and planktonic, which comes from phytoplankton and
zooplankton [43]. Another factor that affects the high-fat content is the size of the gonads. The gonads of sea
urchins that are large in size contain proportionately fatter. High-fat content tends to produce a large gonad
volume to be used as an energy reserve for development [44, 45]. It may be related to the abundance of food
available in their habitat.

Carbohydrate levels in the gonads of sahoaki (Tripneustes gratilla) studied in this study were
obtained by different methods, namely 0.08% and 0.05%. This result is deficient compared to a study
conducted by Hasan [39], who obtained a gonadal carbohydrate content of Tripneustes gratilla of 8.25%,
and Afifudin [33] who found a carbohydrate content of 11.58% in D. cytosum, 4.90 % in E. calamaris, and
3.83% in E. diadema. Also very different compared to the Diadema setosum gonads studied by Tupan &
Silaban [31] from Martafons, Sopapei, and Waai Ambon waters, respectively 3.80%, 2.11%, and 7.50%. Sea
urchins have three important biochemical components: carbohydrates, fats, and proteins [43]. Sea urchins
use these three components as energy sources and structural components during egg development.The gonad
ash content of the sea urchin Tripneustes gratilla in this study was 3.19% and 2.95%. The results of this
study were almost the same as research conducted by Hasan [39], that the mineral/ash content in the gonads
of Tripneustes gratilla was 3.42%. However, it is higher when compared to a study conducted by Afifudin
[33] on the gonads of sea urchins D. setosum, E. calamaris, and E. diadema, respectively 2.09%, 1.74%, and
2.10%. Each species' ash content differs due to several factors. Metals derived from food and the
environment will accumulate in the body at different levels, so there is a difference in the amount of ash
found in each species [41]. It is likely because each organism can absorb metals differently. The mineral
content of the organisms in it can also be affected by environmental factors like water quality and food
availability. The mineral content of the organisms that live in it can be affected by environmental factors like
water quality and food availability [33].

The Fatty Acids Profile

The results showed that the gonads of the sea urchin Tripneustes gratilla from two coastal locations
are similar but different. The composition contains 14 types of saturated fatty acids, SFA (saturated fatty
acid), butyric acid (C4:0), caproic acid (C6:0), caprylic acid (C8:0), capric acid (C10:0), lauric acid (C12):0),
myristic acid (C14:0), pentadecanoic acid (C15:0), palmitic acid (C16:0), stearic acid (C:18), arachidic acid
(C:20), heneicosanoic acid (C21:0), behenic acid (C22:0), tricosanoic (C23:0), and lignoceric acid (C24:0).
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Also, seven monounsaturated fatty acids MUFA (Monounsaturated Fatty Acid) myristoleic acid (C14:1w-5),
palmitoleic acid (C18:1w-7), elaidic acid (C18:1w-9), oleic acid (C18:1®-9), eicosanoic acid (C20:1m-9),
erucic acid (C22:1®-9), and nervonic acid (C24:10-9). Also, 9 PUFA (Polyunsaturated Fatty Acid): linoleic
acid (C18:2w-6), linolelaidic acid (C18:2w-6), eicosadienoic acid (C20:2w-6), arachidonic acid (C20:4»-6),
v linolenic acid (C18:3w-6), linolenic acid (C18:3w-3), eicosatrienoic acid (C20:3w-3), eicosapentaenoic acid
(EPA) (C20:5w-3), and docosahexaenoic acid (DHA) (C22:6w-3). The same type of food could have caused
the equation of fatty acids from two gonad sample locations in the form of algae, seagrass beds, and various

kinds of marine animals. The overall composition of fatty acids is shown in Table 2.
Table 2. The Fatty Acid Profile of Sahoaki (Tripneustes gratilla) Gonads

Fatty Acid Composition

Lapango Coast

Manalu Coast

Butyric acid (C4:0) <0.1 <0.1
Caproic Acid (C6:0) <0.1 <0.1
Caprylic Acid (C8:0) <0.1 <0.1
Capric Acid (C10:0) <0.1 <0.1
Lauric Acid (C12:0) <0.1 <0.1
Myristic acid (C14:0) 9.91 10.71
Pentadecanoic Acid (C15:0) 0.81 0.78
Palmitic acid (C16:0) 27.52 28.97
Stearic Acid (C18:0) 5.34 5.22
Arachidic Acid (C20:0) 1.73 1.54
Heneicosanoic Acid (C21:0) 2.75 2.78
Behenic Acid (C22:0) 1.82 1.8
Tricosanoic Acid (C23:0) 0.57 0.97
Lignoseric Acid (C24:0) 0.74 0.6
Total Saturated Fatty Acid (SFA) 51.19 53.37
Myristoleic Acid (C14:1w-5) 0.27 0.24
Palmitoleic Acid (C18:1w-7 2.74 3.04
Elaidic Acid (C18:1®-9) 0.32 0.35
Oleic acid (C18:10-9) 3.23 3.61
Eicosanoic Acid (C20:1»-9) 4.15 3.69
Erucic Acid (C22:1®-9) 1.4 1.71
Nervonic Acid (C24:10-9) 0.83 1.3
Total Omega-9 12.94 13.94
Total Mono Unsaturated Fatty Acid (MUFA) 12.94 13.94
Linoleic Acid (C18:2w-6) 117 1.19
Linolelaidic Acid (C18:2w-6) 1.59 1.46
Eicosadienoic Acid (C20:2w-6) 2.61 2.14
Arachidonic Acid (C20:4w-6) 9.77 7.62
y Linolenic Acid (C18:3w-6) 111 0.97
Linolenic Acid (C18:3w-3) 7.61 7.52
Eicosatrienoic Acid (C20:30-3) 0.55 0.35
Eicosapentaenoic Acid (EPA) (C20:5w-3) 10.72 10.63
Docosahexaenoic Acid (DHA) (C22:6w-3) 0.58 0.46
Total Omega-6 16.25 16.39
Total Omega-3 19.46 15.95
35.71 32.34

Total Polyunsaturated Fatty Acid (PUFA)
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Results of gonad fatty acid analysis for sea urchin Tripneustes gratilla overall show that there are
differences in the levels of saturated fatty acids and unsaturated fatty acids (SFA) on the Lapango coast and
Manalu coast. The sample from the Manalu coast (53.37%) was higher than the Lapango coast (51.19%).
The monounsaturated fatty acid (MUFA) content was higher on the Manalu coast (13.94 %) if we compared
it to the Lapango coast (12.94%), while the polyunsaturated fatty acid (PUFA) content on the Lapango coast
was 35.71 % higher than the Manalu coast by 32.34%. This discrepancy is likely due to several factors,
including environmental influences such as seawater temperature, availability of feed, and maturity gonads.
In marine ecosystems, two main factors can affect the fat in the tissue: water temperature and food type.
Martinez-Pita [46] reported that animal invertebrates, including sea urchins, tend to increase in fatty acid
levels and polyunsaturated fatty acids when the water temperature decreases. Overall, the total saturated fatty
acid SFA was higher in gonads for sea urchin Tripneustes gratilla than monounsaturated fatty acids (MUFA)
and polyunsaturated PUFA. Saturated fatty acids can increase LDL cholesterol levels as well as HDL so that
they automatically increase total cholesterol, which is a combination of LDL and HDL [47]. HDL cholesterol
plays a role in reversing cholesterol transport, which enables the liver to remove excess cholesterol in the
poriferous tissue, thereby preventing the formation of atherosclerosis which is the cause of cardiovascular
disease [48].

HDL cholesterol also plays a role in preventing excess fat tissue, which can reduce insulin sensitivity
so that diabetes mellitus can be prevented and provides protection against endotoxin toxicity. Other research
also reported the results of a study on the gonads of sea urchins Diadema setosum, Echinothrix calamari, and
Echinothrix diadema contain fatty acid profile SFA (30.46-34.99), MUFA (8.75 - 9.74), PUFA (14.05 -
20.17), Arachidonic (6.76 - 10.24) EPA (2, 3 —2.89) DHA (0.38 — 0.73), Oleate (3.06 — 3.84) Omega-3 (3.16
— 4.84) Omega-6 (9.21 — 13.88), and Omega-9 (3.95 — 5.01) [33]. The gonadal analysis of five types of sea
urchins in the South Coast of Gunung Kidul Regency showed that the levels of saturated fatty acids were
higher than unsaturated fatty acids, especially myristic acid 27.20% and 24.44% of palmitic [49].The results
showed that the gonads of sahoaki (Tripneustes gratilla) on the Manalu coast have a total content of omega-6
fatty acids of 16.39% and omega-9 of 13.94% which is higher than on the coast of Lapango, namely 16.25%
and 12.94%. Meanwhile, the total omega-3 fatty acids on the Lapango coast were 19.46% higher than the
Manalu coast, which was 15.95%. Previous research reported the results of the analysis of the gonadal fatty
acid profile of Tripneustes gratilla, showing that saturated fatty acids were higher than unsaturated fatty
acids, namely SFA of 58.78%, MUFA 8.53%, PUFA 11.95%, Omega-3 11.95% and Omega-9 5.5% [50].
The highest Omega-3 content in the gonads of the sea urchin Tripneustes gratilla is Eicosapentaenoic Acid
(EPA), which is 10.72%, then Linolenic Acid, which is 7.61%, on the coast of Lapango, while on the coast
of Manalu, EPA is 10.63% and Linolenic Acid is 7.52%.

The highest Omega-6 content on the Lapango coast was Arachidonic Acid (AA), which was 9.77%
and 7.62% on the Manalu coast, while the DHA content was very low in both locations (0.58 and 0.46%).
The low content of DHA in the gonads of sahoaki is not a problem because the gonads of sea urchins contain
relatively high MUFA and PUFA. Humans have an enzyme system for chain elongation and desaturation to
make DHA and arachidonic acid from omega-6 fatty acids [51]. Omega-6 fatty acids are necessary for
normal growth and development as well as the functioning of the liver and brain [52]. Another benefit of
omega-3 fatty acids is preventing asthma, diabetes, and kidney disease [53].Endogenous bioregulators in
regulating ion homeostasis, gene transcription, hormone signal transduction, fat synthesis, and influencing
protein formation are all complex functions of unsaturated fatty acids [54]. Good quality fatty acids have a
ratio of omega-3 to omega-6 fatty acids that do not exceed 1:5. If the ratio of omega-6 fatty acids is higher
than omega-3, it will harm cognitive, mood, and behavior [55]. People are recommended to consume omega-
6 and omega-3 in a 4:1 ratio to maintain a healthy body, mainly to prevent heart disease. Cardiovascular
sufferers are advised to consume omega-6 and omega-3 in a 1:1 ratio. ARA and DHA work together to grow
the baby's brain and eyes and prevent cardiovascular disease. Linolenic acid functions as an ARA precursor
in the presence of the omega-6 desaturase enzyme. Oleic acid, omega-9, is vital in reducing LDL blood
cholesterol or bad cholesterol and increasing HDL.
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The Amino Acid Profile
The results of sahoaki (Tripneustes gratilla) gonad analysis contain seven types of amino acids
consisting of 6 essential amino acids: L-arginine, L-histidine, L-lysine, L-phenylalanine, L-isoleucine, L-
leucine and one non-essential amino acid L-tyrosine. The complete gonadal amino acid profile of Sahoaki is
presented in Table 3.
Table 3. The Amino Acid Profile of Sahoaki (Tripneustes gratilla) Gonads

. . . ng/g
Amino Acid Composition Lapango Coast Manalu Coast
L-Arginine 1879,0 1772,9
L-Histidine* 4941 476.7
L-Lysine* 689,1 667.0
L-Phenylalanine* 78.7 75.9
L-Isoleucine* 262.5 2324
L-Leucine* 165.0 139.7
L-Tyrosine 28,3 25,1
L-Methionine* 0 0
L-Valin* 0 0
L-Proline 0 0
L-Glutamic Acid 0 0
L-Aspartic Acid 0 0
L-Cytosine 0 0
L-Threonine* 0 0
L-Serine 0 0
L-Alanine 0 0
L-Glycine 0 0
L-Cysteine 0 0

*Essential Amino Acids

Amino acids have traditionally been categorized as nutritionally essential (indispensable) or non-
essential (dispensable) for animals and humans based on growth or nitrogen balance [56]. The term
"essential amino acids" (EAA) refers to either those whose carbon skeletons cannot be synthesized de novo
in animal cells or those whose syntheses are sufficient for the needs of their metabolism [57]. Non-essential
amino acids (NEAA), on the other hand, can be synthesized by animals de novo in sufficient quantities [58].
Although in this study, the number of amino acids detected was only 7, five are essential amino acids that
greatly determine the quality of the protein content in the gonads of sahoaki. The highest detected non-
essential amino acid was arginine (1879.0 and 1772.9) pg/g, while the lowest was tyrosine (28.3 and 25.1)
ug/g.The gonads of sea urchins as reproductive organs are high-quality protein stockpiles rich in amino acids
that the human body needs. The amino acids are glycine, valine, alanine, methionine, and glutamic acid.
Apart from that, nucleotides from the types of Inosine Mono Phosphate (IMP) and Guanosine Mono
Phosphate (GMP) also influence the characterization of the gonadal taste of sea urchins, especially in the
formation of "umami” taste, which is a distinctive taste like that of the meat group [59]. Protein quality
depends on the completeness of its essential amino acid levels [60].Histidine is important for brain
homeostasis and the inflammatory response because it is an essential amino acid involved in aspartate and
glutamate synthesis and histamine production [61].

Histidine is the most active and adaptable of the 20 natural amino acids. It plays multiple roles in
protein interactions and is frequently the key residue in enzyme catalytic reactions [62]. The most adaptable
player in protein architectures and bioactivities might be histidine. Because of its unique structure, histidine
has multiple functions in molecular interactions. During development, the body requires the amino acid
histidine to repair tissues and transform excess glucose into glycogen processed in the liver. The body
converts histidine to histamine, which stimulates gastric acid release. But it is also often necessary to
supplement histidine itself in old age because there is a disturbance of its synthesis and absorption by the
body.Most higher organisms cannot produce lysine; As a result, to maintain protein synthesis, it is an
essential amino acid that must be consumed in sufficient quantities [63]. Lysine is a necessary nutrient for
animal growth and an essential amino acid for human diets [63]. Most post-translational modifications are
performed on lysine, the most modified amino acid [64]. Lysine contains a long flexible side-chain
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containing three methyl groups and a terminal g-amino group (a primary amine) [64]. Lysine is an essential
amino acid directly related to growth because of its role in arginine, glycine, and ornithine, which can
activate the human growth hormone [65].

Phenylalanine is an amino acid and an essential nutrient in many foods [66]. Because it is converted
into tyrosine and, consequently, into catecholamine neurotransmitters, this amino acid is essential to the
human body [66]. Phenylalanine is an aromatic a-amino acid of the chemical formula CO9H11NO2 [66].
Phenylalanine is a necessary amino acid for human development because it is used as a precursor in the
synthesis of tyrosine and other compounds with a six-membered aromatic ring, like dopamine and
catecholamines: epinephrine, also known as adrenaline, norepinephrine, and melanin, also known as skin
pigment [66]. Additionally, it is used to improve memory and alleviate hunger pains [67]. In the brain's
nervous system, compounds such as phenylalanine, taurine, and tryptophan function as messengers or
neurotransmitters [68]. Due to its ability to regulate thyroid gland secretion and suppress appetite, this amino
acid is responsible for weight management. Red eyes (bloodshot eyes), cataracts, and behavioral changes
(psychotic and schizophrenic) are all symptoms of phenylalanine deficiency.One of the three essential
branched-chain amino acids for the human body is isoleucine, which contains one carboxyl and one amine
[69]. It performs various physiological functions and is necessary to life metabolism; Consequently, it is
utilized extensively in the food, pharmaceutical, and feed industries [69]. Isoleucine plays a crucial role in
growth, immunity, protein metabolism, fatty acid metabolism, and glucose transport throughout the body
[70]. Isoleucine can potentially enhance the immune system, including cells, immune organs, and reactive
substances [70].

According to recent research, host defense peptides (also known as B-defensins), which can control
both innate and adaptive immunity, may be induced by isoleucine [70].Leucine is a branched-chain amino
acid (BCAA) necessary for human and animal nutrition [71]. In foods high in protein, it is typically one of
the most abundant amino acids [71]. In skeletal muscle, adipose tissue, and placental cells, Leu activates the
mammalian target of the rapamycin (mTOR) signaling pathway, which leads to an increase in protein
synthesis [71]. Leu inhibits protein degradation and promotes energy metabolism (glucose uptake,
mitochondrial biogenesis, and fatty acid oxidation) to support protein synthesis [71]. Therefore, leucine-
enriched amino acid supplements in older sarcopenic adults who consume less food maintain muscle mass
and physical function [72]. Leucine in the diet is regarded as an additional treatment for obesity-related
insulin resistance [73].0ur bodies can produce arginine, a conditionally non-essential amino acid [74].
Arginine is the precursor for the synthesis of numerous biologically active molecules, including nitric oxide
(NO), ornithine, polyamines (putrescine, spermidine, and spermine), creatine, and agmatine [75]. It is also a
building block for proteins. Human embryos require the amino acid arginine for growth and survival [75]. In
women who had a poor response to in vitro fertilization, oral administration of L-arginine (16 g/day for eight
days) can increase uterine blood flow, ovarian response to gonadotrophin, endometrial receptivity, and
pregnancy rate [75].

In living things, tyrosine is very important and plays a crucial role. Using L-phenylalanine, the
human body produces tyrosine, a non-essential amino acid found in sweat, breast milk, urine, saliva, plasma,
feces, and cerebrospinal fluid [76]. L-tyrosine, one of the essential amino acids, is used by cells to make
proteins in living systems [77]. It plays a crucial role in signal transduction through phosphorylation and is a
building block for proteins and a precursor for melanin, several neurotransmitters, and hormones [78].
Varying levels of L-tyrosine in living systems have also been linked to dementia, depression, Parkinson's
disease, tyrosinemia, and kidney and liver dysfunction [77]. Tyrosine and its analogs play a role in the
production of important chemicals in the brain as well as melanin, the regulation of mood, the reduction of
stress, the regulation of thyroid function, and other important metabolic activities [76]. Studies on the
connection between tyrosine and epilepsy, Parkinson's disease, Alzheimer's disease, myocardial infarction,
viral infections, schizophrenia, colon cancer, thyroid cancer, lung cancer, leukemia, obesity, hypothyroidism,
autism, alcoholism, depression, and other conditions [76].
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V. CONCLUSION

Sahoaki (Tripneustes gratilla) gonads in Sangihe Islands Regency have good nutritional value
because they contain high omega-3, Omega-6, and Omega-9 fatty acids and are equipped with essential
amino acids which have the potential as functional food ingredients.Based on the research we have done, the
gonads of sahoaki (Tripneustes gratilla) on the Lapango coast and Manalu coast, Sangihe Islands Regency,
contain: (1) Chemical composition: water content (84.24 and 85.99)%, fat (3.77 and 2.67)%, protein (10.12
and 9.34)%, carbohydrates (0.08 and 0.05)%, and ash (3.19 and 2.95)%; (2) There were 14 saturated fatty
acids (SFA) profiles, with the highest content being palmitic acid (27.52 and 28.97%), then myristic acid and
stearic acid; 7 profiles of monounsaturated fatty acids (MUFA).

With the highest content of eicosanoic acid (4.15 and 3.69%), then palmitoleic acid, oleic acid; 9
polyunsaturated fatty acids (PUFA) profiles with the highest content were eicosapentaenoic acid (EPA)
(10.72 and 10.63%), then arachidonic acid (9.77 and 7.62 %), Linolenic Acid (7.61 and 7.52%),
Docosahexaenoic Acid (DHA) (0.58 and 0.46 %). The total content of Omega-3 (19.46 and 15.95%),
Omega-6 (16.25 and 16.39 %), and Omega-9 (12.94 and 13.94%). In addition, the content of saturated fatty
acids is higher than monounsaturated and polyunsaturated fatty acids; and (3) Amino acid profiles were
detected consisting of 5 essential amino acids with the highest content, namely lysine (689.1 and 667.0)
pg/g; histidine (494.1 and 476.7) pg/g; isoleucine (262.5 and 232.4) ng/g; leucine (165.0 and 139.7) pg/g;
phenylalanine (78.7 and 75.9) ug/g; and two non-essential amino acids namely arginine (1,879.0 and
1,772.9) ug/g; tyrosine (28.3 and 25.1) pg/g.
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