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Composition of Flavour Non Volatile
CompoundSteamed Gourami
(Osphronemusgouramy)

ABSTRACT

This research aims to identify the composition of non-volatile flavor compounds contained in the steamed
gourami (Osphronemusgouramy). The research was carried out experimentally with the treatment of
steamed gourami samples (at 100°C for = 30 minutes). This research was conducted at the Fisheries
Product Processing Laboratory, Faculty of Fisheries and Marine Sciences, Padjadjaran University,
Jatinangor; IPB Integrated Laboratory.A simple product description test was carried out on samples which
included the appearance of the meat, aroma, texture, and taste. Identification of non-volatile flavor
compounds using tools High Performance Liquid Chromatography (HPLC). The results showed that
steamed gourami has 15 identified non-volatile flavor compounds of 15 amino acid compounds. Two
umami-flavored amino acids are 4.09% glutamic acid and 2.67% aspartic acid. The four sweet tasting
amino acids are 1.53% alanine, 1.19% threonine, 1.13% glycine and 1.01% serine. The nine bitter amino
acids are lysine 2.54%, leucine 2.11%, arginine 1.64%, valine 1.30%, isoleucine 1.29%, phenylalanine
1.14%, tyrosine 0.91%, methionine 0, 79% and histidine 0.66%. Steamed gourami has an intact
appearance and is pale white in color. The aroma of steamed gourami is fresh and tasty according to the
specific gourami. The texture of the meat is dense, soft and very compact. The taste of steamed gourami
is savory according to the specific type.
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Indonesia is a maritime country that has vast territorial waters, very large land, and sea fisheries resources. Inland
aquaculture is one of Indonesia’s. fishery:production potentials which has increased every year. Types of fish farming
developed in Indonesia include gourami, carp, catfish, tilapia, and milkfish [30]. One of the very potential commodities is
gourami (Osphronemusgouramy). Gourami is one of the main commodities of freshwater aquaculture with a production
volume of 149,170 tonnes in2021, as well as cultivated catfish, carp, tilapia [59].

Gourami has a high economic value, when compared to other freshwater fish commodities [4];[40]. According to [79],
many gourami are traded fresh, both alive and dead. The market demand for gourami is quite high, because gourami has
a good taste of meat, relatively easy maintenance, and a relatively stable price. In addition, gourami is a commodity with
high nutritional content which is beneficial for humans for growth and formation of energy. Traditionally, gourami is usually
processed by frying, steaming, or baking, with added spices.

Traditional processing that is commonly carried out can affect product flavor characteristics, such as high temperature
thermal.processing in the manufacture of pepes which is a typical food menu of West Java. This thermal process is one of
the most important methods in food processing because it results in the ripening and formation of specific flavors required
for food quality, product shelf life, improved nutrient availability, and relatively easy to control processing conditions
[17];[20]. The thermal process that is often used is the steaming method (wet heating). According to [65], steaming is a
high-temperature processing method using water vapor as a heat-conducting medium. The use of water vapor as a heat
source can reduce the risk of possible nutritional loss or loss of vitamins and food compounds that are sensitive to high



temperatures [20]. The heating process can affect and change the basic characteristics of fresh fish used as raw _.{ comment [DS2]: Need to used another reference |

materials. Raw materials that are heated will experience changes in physical, chemical, and product characteristics,
especially flavor and texture.

Flavor is all impressions or sensations that can be felt by the human senses, especially through taste and smell when
consuming a food product [53]. According to [8], flavor is formed from a combination of experiences and sensations
received on the characteristics of the material. Flavor is an important factor in fresh and processed food, especially in
products made from fish. This happens because flavor can affect the level of consumer acceptance, preference, and
consumption of a product. According to [49], the chemical composition and flavor of various types of fishery cemmodities
have differences both in fresh and processed forms. The flavor characteristics of a commodity are influenced by
compounds which are divided into two groups, including volatile and non-volatile flavor compounds.

Volatile components contained in flavors are components that give the sensation of aroma or smell;. give an initial
impression, and can evaporate quickly. Non-volatile components produce sensations of taste, such as.sweet; sour, salty
and bitter. This component does not provide an aroma sensation but becomes a medium for volatile components, and
holds back the evaporation of volatile components. The taste characteristics of a product are.influenced by non-volatile
flavor compounds which usually come from peptide group compounds, amino acids, and also nucleetides [9];[50];[51].
Non-volatile extractive components containing nitrogen such as free amino acids play.an important role in flavoring fishery
products [77]. Based on opinion [13], amino acids and peptides play a direct role in:the flavor of processed fishery
products. The types of amino acids that influence the flavor formation process can be identified from the amino acids
contained in fishery products [50].

Research on the non-volatile flavor of fishery commaodities has been widely carried outabroad, but research on the non-
volatile flavor of fishery commodities has not been widely carried out in‘Indonesia. An example of research on the non-
volatile flavor composition of fishery commodities abroad was conducted by [6], namely regarding the effect of cultivating
seawater with different salinities on non-volatile active flavor compounds in pagific oysters (Crassostreagigas), as well as
research [36] regarding the influence of high hydrostatic pressure and storage temperature on fatty acids and non-volatile
flavor active compounds crayfish red claw (Cheraxquadricarinatus).

Research on the identification of the composition of non-volatile flavor compounds in gourami (Osphronemusgouramy)
has not been found in Indonesia. Characteristics of-non=volatile flavor compounds of a commodity are identified to be
used as mapping data for the flavor composition of a food preduct.” Information regarding non-volatile flavor compounds is
important to analyze the effect of the steaming method on the composition of non-volatile flavor compounds that affect the
taste of a product.This data can be used as basic data as well as a reference in various applications, including for the
manufacture of a product, one of which is flavor extract. In"addition to data analysis of non-volatile flavor compounds, it is
also necessary to carry out organoleptic tests. Organoleptic test is also called subjective measurement and has a high
relevance to product quality and quality control, The organoleptic test used is a descriptive test which functions to identify
and get a complete picture of the important sensory characteristics of a product, as well as provide information about the
degree or intensity of these characteristics.Based on the background that has been described, it is necessary to conduct
research on the composition:of non-volatile:flavor compounds in fresh gourami and its steamed products.

2. METHODOLOGY
2.1 Time and Place of Research

This research was conducted from December 2022 to February 2023, taking place at the Fishery Product Processing
Laboratory;. Faculty. of ‘Fisheries and Marine Sciences, Padjadjaran University for sample preparation and organoleptic
tests. While the ‘analysis of the amino acid profile using the method High Performance Liquid Chromatography (HPLC)
was conducted at the Integrated Laboratory, Bogor Agricultural University.

2.2Materials

The main ingredient used is gourami (Osphronemusgouramy) as much as 2.5 kg from the fish cultivation site in the Cirata
Reservoir, Purwakarta. The chemicals used for the analysis of amino acid compounds were Orthophthaldehyde or (OPA)
50 mg, sodium hydroxide, 10 g boric acid, 1 ml Brij-30 30% solution, 1 ml 2-mercaptoethanol, 0.5 standard amino acid
solution. ymol/ml 1 ml, Na-EDTA 5 g, Methanol 200 mL, tetrahydrofuran (THF) 10 mL, Na-acetate 5 g and HP 2 L water.
The tools used in this study were steamer, HPLC Ultra Techspere, erlenmeyer, knife, plastic wrap, aluminum foil, scales
(Tanita) with an accuracy of 0.1 gram, plastic zip-lock, stove, label paper and cool box.

2.3Research Methods



The method used in this research is an experimental method including analysis of non-volatile flavor compounds and
simple descriptive tests. Data analysis of non-volatile flavor compounds with the method of analysis of amino acid
compounds through High Performance Liquid Chromatography (HPLC) which will then be analyzed descriptively
comparatively.

2.3.1Sampling

The first stage of this research was taking gourami samples from fish farms in the Cirata Reservoir, Purwakarta. The 2.5
kg gourami samples obtained were transported alive and fresh in plastic filled with water and oxygen to the FPIK UNPAD
Fishery Products Processing Laboratory, Jatinangor.

2.3.2 Sample Preparation

Sample preparation was carried out at the FPIK UNPAD Fisheries Processing Laboratory. Samples of steamed gourami
were cleaned, weeded and then weighed as much as 100 grams to identify non-volatile:flavor compounds and 1 fresh
gourami for organoleptic testing then steamed until cooked for 30 minutes at 100°C.

2.3.3 Packaging

Samples of steamed gourami that have been weighed are packed using aluminum foil,labeled and re-coated using cling
wrap then put in plastic zip-lock. The packed sample is put inside a coolbox containing ice, then taken to the Integrated
Laboratory, Bogor Agricultural University. Samples were analyzed using High Performance Liquid Chromatography
(HPLC).

2.4Parameters Observation

2.4.1Amino Acid Profile Analysis

The first step of amino acid analysis is to dissolve 2 g of the sample that has been measured in a 50 mL flask, then filter it
with millipore paper. After that, potassium borate buffer pH 10.4 was added in a 1:1 ratio. a 10 pL sample was put into a
clean empty vial and added 20 pL OPA reagent and left for 1 minute so that the derivatization was complete. The sample
was then injected into the HPLC column as_ much.as 5 yL.and then waited until the separation of all amino acids was
complete. The time required is about 25 minutes.

2.4.2 Gourami Fish Product Description Test

Simple descriptive sensory analysis is a sensory ‘analysis method in which the attributes of a product or food ingredient
are identified and described. The simple descriptive test procedure was a sample of steamed gourami was prepared, a
questionnaire was prepared, the sensory properties of the product were identified, and the results of the product sensory
identification were described.

2.5 Data Analysis

Quantitative data from the analysis of amino acid profiles will be discussed in a comparative descriptive manner.
Comparative deseriptive research is research that compares one or more variables in two different samples or at different
times [61].

3. RESULTS AND DISCUSSION
3.1lldentification of Non-volatile Flavor Compounds of Gourami Fish

The results of liquid chromatography analysis of non-volatile flavor compounds showed that there were 15 types of amino
acids detected in the steamed gourami samples. The amino acids contained in the steamed gourami samples were
divided into two, namely essential amino acids and non-essential amino acids. The dominant amino acid compounds
identified in the steamed gourami sample were glutamic acid of 4.09%, aspartic acid in steamed gourami of 2.67%,
arginine 1.64% and alanine 1.53% which belong to the non amino acids. essential. The dominant essential amino acids in
steamed gourami were lysine (2.54%), leucine (2.11%), and valine (1.30%).



There are several factors that affect the amino acid content in fish meat such as season, type of fish, body size, age,
stage of maturity, environmental temperature, level of feeding, digestible content in feed, stages of the organism's life
cycle, and availability of food ingredients [35];[46];[60]. According to [43], the formation of free amino acids is influenced
by parameters of fish species, feed, habitat, freshness of raw materials, storage and processing.The heating process on
gourami samples can increase the amount of free amino acids formed compared to the amount in fresh gourami. The
formation of free amino acids can be increased due to a proteolytic reaction during the heating process [37];[68].

Table 1.Amino Acid Composition Of Steamed GouramiSample

Amino Acid Value (%)
AsamAspartat 2,67
AsamGlutamat 4,09
Serin 1,01
Histidin 0,66
Glisin 1,13
Treonin 1,19
Arginin 1,64
Alanin 1,53
Tirosin 0,91
Metionin 0,79
Valin 1,30
Fenilalanin 1,14
Isoleusin 1,29
Leusin 2,11
Lisin 2,54
Total Amino Acid 23,98

Amino acid compesition (mg/100g) of steamed snakehead fish sample

Changes in protein levels in fish are associated’ with reduced water content in fish during the steaming process. The
higher the temperature and the longer the processing time can result in the protein content in the food being damaged
and decreasing [14]. According to [54], the protein content of gourami is 18.93% greater than goldfish (16.04%) [50], and
tilapia (17.33%) [19].

The value of glutamiciacid content detected in steamed gourami was 4.09%. Glutamic acid can be found in foods that
have a high protein content such as meat, seafood, boiled meat (broth) and soy sauce without the addition of any
components, glutamate can be used to add to the taste of food such as increasing the savory taste [67]. In fishery
products, glutamic acid is an amino acid that is commonly found and can create aroma and taste characteristics in food
ingredients:[47]. According to [10], aspartic acid and glutamic acid greatly determine the taste of umami. Glutamic acid
can provide flavor: umami if the concentration in the food product is above the taste threshold [31];[32];[74];[80].
Meanwhile, serine, glycine, alanine, and tyrosine contribute to the sweet taste. In addition, the interaction of several sweet
amino acids such as serine, glycine and alanine with IMP can improve umami taste [33].

Glutamate..ions stimulate several types of nerves that are on the human tongue. This property is used as a flavor
enhancer in food [73]. According to [64], if the glutamic acid content found in fish meat is low, then the taste of fish meat
will be less savory. Several fish processing methods, such as steaming can increase glutamic acid levels in fish meat. The
steaming method can increase the glutamic acid content in gourami meat because the steaming process uses high heat
which can change the protein structure in gourami and change the amino acids contained therein. There is an increase in
the content of glutamic acid and aspartic acid during the processing at certain temperatures and cooking times [2]. The
increase in glutamic acid content in meat is caused by deamination between the amino acids glutamine and asparagine
which form glutamic acid so that glutamic acid levels in meat increase [55].



The content of aspartic acid identified in steamed gourami was 2.67%. In addition to glutamic acid compounds, aspartic
acid also contributes to the taste of umami. Aspartic acid is a non-essential amino acid which is found in fish protein.
According to [66], aspartic acid and glutamic acid work together to create a savory taste in food, especially the flavor of
the seafood product. Taste of umami which is perfectly produced through a combination of glutamic acid (savory-salty)
and aspartic acid (savory-sweet) [15].

The leucine compound detected in steamed gourami was 2.11%. Leucine is an amino acid that contributes to a bitter
taste but not as bitter as phenylalanine compounds [31]. Leucine is an essential amino acid that belongs to the class of
ketogenic amino acids, namely amino acids that can produce ketone compounds in the liver [38]. Leucine. is able to
increase insulin secretion and improve glycemic control in patients with uncontrolled blood glucose levels [44];[58].

Lysine compound identified in steamed gourami was 2.54%. Lysine has a contribution in giving a bitter;taste [42];[8]. The
most destructive processing method is heating and the most affected amino acid is lysine [5]. There are several factors
that affect the lysine content of fish in processing processes such as bacterial activity, changes in pH, oxygen; heat and
light or a combination thereof [27]. Lysine is an amino acid that has a function as a basic material.for blood antibodies,
becomes a framework in the formation of niacin (Vitamin B3), strengthens the circulatory. system, maintains normal cell
growth, works together with proline and vitamin C to form collagen tissue, lowers blood triglyceride.levels. excess.

The content of arginine compounds in steamed gourami is 1.64%. Arginine is part.of the:essential amino acids which are
alkaline and give food a bitter taste [48];[57]. Arginine is an amino acid that belongs to the:group of glucogenic amino
acids, namely amino acids that can be converted into glucose and glycogen [38]. According to [80], concentrations of
arginine compounds that are below the threshold increase saltiness and contribute to the taste of umami on pig's hair [32].
The high content of arginine compounds can provide a sweet taste and distinctive flavor<of seafood on crabs and scallops
[74]. Arginine is an essential amino acid that the body needs to make seminal fluid (semen), as well as increase growth
hormone production [69].

The value of the alanine compound identified in steamed gourami was 1.53%. Alanine is an amino acid that contributes to
the sweet taste of food [57]. Alanine is a compound with a.nonpolar R-group that is used as a glucogenic precursor and
nitrogen carrier from surface tissues for nitrogen excretion [34]. The high alanine content is found in seafood like snow
crab,clam, and scallop [22];[56];[75]. Alanine is an important source of energy that can boost immunity, supply energy to
muscle tissue, the brain, and the human central nervous system.

Valine compound identified in steamed gourami was.1.30%. Valine is an amino acid compound that gives a bitter taste
but not as bitter as phenylalanine [31];[57]."Valine is a<branched-chain amino acid that functions as a glucogenic
precursor, so it is needed for the growth and maintenance of muscle tissue, stimulates mental abilities, muscle
coordination, helps repair damaged tissue, and maintains nitrogen balance [26]. According to [70], deficiency of valine
compounds can cause loss of muscle coordination and the body becomes very sensitive to pain, cold and heat.

The isoleucine compound detected in steamed gourami was 1.29%. Isoleucine is an amino acid that can give food a bitter
taste [57]. Isoleucine compounds. are needed for optimal growth, repairing damaged tissue, developing intelligence,
maintaining the body's nitrogen balance, forming other non-essential amino acids, forming hemoglobin, and stabilizing
blood sugar levels [18]. Deficiency of iseleucine compounds can trigger symptoms of hypoglycemia.

The content of glycine compounds in steamed gourami is 1.13%. According to [52], glycine is classified as a non-essential
amino acid for humans. Glycine works together with glutamic acid and aspartic acid to give fish products a distinctive
taste. Glycine is;an active flavor component that gives characteristic sweet taste to various aquatic products [48]. Glycine
plays an importantrolein stimulating the release of growth hormone, helping muscle development and growth, and wound
healing. Glycineiis.needed in Hb synthesis and can be used to reduce stomach acidity.

Threonine compound identified in steamed gourami was 1.19%. Threonine is an amino acid compound that gives a sweet
taste to foodstuffs [57]. According to [28], threonine is able to improve the ability of the intestines and digestive processes,
maintain protein balance, is important in the process of forming collagen and elastin, helps the function of the heart and
central nervous system and prevents epileptic seizures. Threonine compounds also function to maintain the proper
protein balance in the body and are important in the maintenance of the intestinal mucosa [39].

The detected value of the phenylalanine compound in steamed gourami was 1.14%. Phenylalanine is a compound that
contributes to giving food a bitter taste [57]. Phenylalanine is an amino acid that has a dominant function in the body's
work system. The amino acid phenylalanine also plays a role in relieving pain and alleviating depression. Phenylalanine is
needed by the thyroid gland to produce thyroxine which has the benefit of preventing goiter, playing a role in increasing



basal metabolism, and regulating body temperature [3]. A deficiency in phenylalanine amino asthma can cause the body
to become weak, lethargic, liver damage, and stunted growth.

The content of serine compounds in steamed gourami was 1.01%. Serine compounds play a role in giving a sweet taste
[57];[76]. Serine is one of the amino acids found in fish meat which functions as a component of protein, plays a role in
various biochemical processes in the body, is needed for fatty acid metabolism, and boosts the immune system [18].
According to [34], serine is a component of phospholipids containing hydroxyl groups. Serine is used as a precursor to
ethanolamine and choline.

Tyrosine compounds identified in the steamed gourami sample was 0.91%. The amino acid tyrosine has a similar function
to phenylalanine which produces a bitter taste [76]. Tyrosine is an amino acid that has a phenol group and is weakly
acidic. Tyrosine belongs to a group of non-essential amino acids which function to reduce stress, antidepressants, drug
detoxification, and cocaine [1];[34]. According to [41], tyrosine also acts as a high antioxidant against peroxy free radicals.
Lack of tyrosine compounds can cause hypothyroidism [18].

The methionine compound of steamed gourami was 0.79%. The methionine compound is an amino acid that gives a bitter
taste [57]. Methionine can be found in large quantities in animal food sources. Methionine plays.an important role in fat
metabolism, maintains liver health, prevents accumulation of fat in the liver and main arteries, prevents allergies and
osteoporosis [64].

Histidine detected in steamed gourami was 0.66%. Histidine is known to give @& bitter taste but not as bitter as
phenylalanine [31]. Histidine gives a very weak taste and it is thought that:this amino acid-does not play a direct role in
taste characteristics [51]. Histidine content can be reduced due to fat oxidation [7]. Histidine is one of the essential amino
acids needed by the human body for protein synthesis and various physiological.functions. Histidine plays a role in the
nervous system and carnosine is an amino acid [63].

3.2Test Description of Steamed Milk Fish

The test data for the description of steamed gourami showed that steamed gourami had a complete appearance with a
pale white color. The aroma of steamed gourami is fresh and tasty according to the specific type of gourami. The texture
of the steamed gourami meat is dense, soft and very compact. The taste of steamed gourami is savory according to the
specific type.

Color or shape is one of the important parameters in food ingredients, both those that go through a manufacturing process
and those that do not go through a manufacturing process. According to [45], color can provide information about the
conditions of chemical changes in a food. A food ingredient will not be consumed if it has an unsightly color, so that color
can be used to determine quality [72]. Discoloration of fish meat is caused by physical and chemical changes during
storage [24]. [25] stated that the binding of the selution by the meat tissue resulted in a change in the color of the meat.
The color of the fish meat fades because the protein in the meat experiences aggregation which can inhibit the formation
of milking in the spine [16]. According to [11]y meat color can affect meat quality, consumer preferences, and indicators of
maturity of the cooking process. The cooking process using high temperatures can affect the color of fish meat [62].

Aroma is one of the parameters that determine the good taste of a food product [23]. Aroma or smell is one of the
delicious parameters of a food and has its own charm to determine the good taste of a food product. The fishy smell is a
characteristic fish odor caused by nitrogen components, trimethylamine oxide (TMAQO), guanidine, and imidazole
derivatives.

The gourami meat:that has been steamed has a dense, soft and very compact texture. Changes in the texture of steamed
fish became soft and decreased elasticity due to protein denaturation which resulted in the release of large amounts of
water. According to [29], the texture of food ingredients is influenced by several things such as the ratio of protein content,
type of protein, fat, water content, water activity, and processing temperature. The texture of a food is mostly determined
by the water content contained in the product [21]. The higher the water content in the fish makes the texture softer and
not crunchy.

Taste is the tongue's response to stimuli provided by a food and can influence consumers on a food product so that it has
an important role in determining the final decision [12]. The savory taste of gourami is related to the presence of amino
acid compounds such as glutamic acid or its salts in a food ingredient, for example monosodium glutamate and 5-
nucleotide types such as guanidine 5-monophosphate (GMP), inosine 5-monophosphate (IMP) [71]. Taste is influenced
by several factors such as chemical compounds, temperature, concentration, and interactions with other taste



components. According to [77], free glutamic acid is contained in all fish species and is the most important flavor
contributor.

4.CONCLUSION
Based on the description of the discussion, it can be concluded that steamed gourami has identified non-volatile flavor

compounds as many as 15 amino acid compounds. Two umami-flavored amino acids are 4.09% glutamic acid and 2.67%

aspartic acid. The four sweet tasting amino acids are 1.53% alanine, 1.19% threonine, 1.13% glycine and 1.01% serine.

The nine bitter amino acids are lysine 2.54%, leucine 2.11%, arginine 1.64%, valine 1.30%, isoleucine 1.29%,

phenylalanine 1.14%, tyrosine 0.91%, methionine 0, 79% and histidine 0.66%. Steamed gourami-has an intact

appearance and is pale white in color. The aroma of steamed gourami is fresh and tasty according to‘the specific

gourami. The texture of the meat is dense, soft and very compact. The taste of steamed gourami is‘savory.according to

the specific type.

REFERENCES

1. 1. Abdullah, A., Nurjanah. Hidayat, T., Yusefi, V. 2013. Profile of Amino “Acids and Fatty Acids of Shellfish
(Anadaraantiquata). JPHPI. 16(2):160-165.

3. 2. Adawyah, R. 2020, Effect of Cooking Time on Protein, Fat, Amino Acid Profiles, and Fatty Acids of Swamp Sepat
Fish Meal (Trichogastertrichopterus). Journal of Processing of Indonesian. Fishery Products. 23(2) pp. 286—294.

5. 3. Afifudin, I. K., Suseno, S. H., Jacoeb, A. M. 2014. Profile of Fatty Acids and-Amino Acids of Sea Urchin Gonads.
Journal of Processing of Indonesian Fishery Products. 17(1); 60—70.

7. 4. Ahmad, N., Martudi, S., and Dawami, D. 2017. The Effect of Different Protein Levels on the Growth of Gouramy
(Osphronemusgouramy). Journal of Agroqua: Media Information on‘/Agronomy and Aquaculture, 15(2): 51-58.

9. 5. Apriyantono. A. 2002. Effect of Processing on Nutritional Value and Food Safety.

11. 6. Bi, S,, Chen, L., Sun, Z., Wen, Y., Xue, Q., Xue, C., Li, Z., Sun, C., Wei, Z., and Liu, H. 2021. Investigating the
Influence of Aquaculture Seawater with Different Salinities on Non-Volatile Taste-Active Compounds in Pacific
Oyster (Crassostreagigas). Journal of Food .« Measurement and Characterization, 15(2): 2078-2087.
https://doi.org/10.1007/s11694-020-00807-4.

13. 7. Bligh EG, Shaw SJ, Woyewoda AD. 1988. Effect of Drying and Smoking on Lipids of Fish. Inside: Burt JR, editor.
Fish Smoking and Drying..New York: Elsevier Science Publishers Ltd. pp. 41-52.

15. 8. Burdock, G. 2002. Fanarali's Handbook of Flavor Ingredients. CRC Press. Boca Ratton.

17. 9. Chen, D. W., and M: Zhang. 2006. Non-Volatile Taste Active Compounds in the Meat of Chinese Mitten Crab
(EriocheirSinensis). Food Chemistry, 104, 1200-1205.

19. 10. ChigA-Y., Ji, H-W., Gao, J.-L., Lu, H.-Y., Lan, W.-B., &Meng, L.-Y. 2012. Effects of Different Heating
Treatments On Taste-Active Components of Litopenaeusvannamei. Modern Food Science and Technology, 28(7),
T76-779.

21. 11.Dai,¥., J. Miao., S. Z. Yuan., Y. Liu., X. M. Li and R. T. Dai. 2013. Color and Sarcoplasmic Protein Evaluation
of Pork Following Water Bath and Ohmic Cooking. Meat Sci, 93: 898-905.

23. 12y Darliem, C. M. 2015. Comparative Study of Boiling and Steaming Methods on the Quality of Kamaboko
Siamese Fish Jambal (Pangasiushypophthalmus) [Thesis]. Faculty of Fisheries and Marine Science. Riau
University. Pekanbaru.

24.

25. 13.Deng Y, Luo Y, Wang Y, and Zhao Y. 2014. Effect of Different Drying Methods on the Myosinstructure, Amino
Acid Composition, Protein Digestibility and Volatile Profile of Squid Fillets. Food Chemistry, 171: 168-176.

26.

27. 14. Devi, W. S., C. Sargjnalini. 2012. Impact of Different Cooking Methods on Proximate and Mineral Composition
of Amblypharyngodonmola of Manipur. International Journal of Advanced Biological Research 2 (4) : 641-645.

/[Comment [DS3]: Good very goood




28.
29.

30.
31.

56.
57.

58.

59.

60.
61.

62.
63:

15. Dewi EN, Amalia U, Mel M. 2016. The effect of Different Treatment to the Amino Acid Content of Microalga
Spirulina platensis. Aquatic Procedia. 7: 59-65.

16. Djafar, R. 2014 Effectiveness of BelimbingWuluh Concentration on Organoleptic Quality Parameters and pH of
Fresh Layang Fish During Room Storage. Niké: Scientific Journal of Fisheries and Maritime Affairs, Vol. Il, No. 1,
March 2014, p. 23-28. Department of Fisheries Technology — UNG.

17. Dwiari, SR. 2008. Food Technology. Directorate of Vocational High School Development. Jakarta.

18. Erkan, N., Ozden, O., and Selcuk, A. 2010. Effect of Frying, Grilling, and Steaming on Amino Acid:€Composition
of Marine Fishes. Journal of Medical Food, 13(6): 1524—-1531.

19. F.R.S.A, Ahmad Nur. 2019. Proximate and Organoleptic Profiles of Fresh Tilapia{(Oreochromisniloticus) at
Traditional Markets in the City of Malang. [Bachelor thesis], Brawijaya University.

20. Fellows, P. 2000. Food Processing Technology: Principles and Practice. Woodhead Publ. Ltd: Cambridge.
21. Fellows, P.J. 1992. Food Processing Technology. Ellis Horwood, New Y ork.

22. Fuke, S., &Konosu, S. 1991. Taste-Active Components in Some Foods: A Review of Japanese Research.
Physiology and Behavior, 49(5), 863—-868.

23. Gunawan, R., Edison and Suparmi. 2012. The Effect of Addition of;Seaweed (EucheumacCottonii) on Dried
Noodle Processing to Consumer Acceptance [Thesis]. Faculty of Fisheries, University of Riau. Pekanbaru.

24. Hangesti, 2006.,Picung as a Fresh Mackerel Preservative. http://www.untag-sby.ac.id, accessed in March 2023.

25. Hanggani, H. 2003. Effect of Giving Chlorella Sp Extract. on Organoleptic Characteristics and Microorganisms
of Patin Filet at Low Temperature Storage [Thesis]. Unpublished. Unpad Faculty of Agriculture. Jatinangor. 43 p.

26. Harli, M. 2008. Essential amino acids. http: www.Supamas.com. [Accessed March 13, 2023].

27. Hatmojo, S., Susanti, MT., Kurniawan, ‘D. 2005: ‘Production of Traditional Smoked Fish with Liquid Smoke.
http://www. dikti.org. Retrieved March 2023.

28. Hidayat. 2011. Amino Acid Profile of Shellfish (Anadara antiquate) [thesis]. Faculty of Fisheries and Marine
Science. Bogor Agricultural Institute.

29. Hidayat. 2014. Study of the Use of Seaweed (Eucheumacottoni) as a Bahan Addition in Kamaboko Processing
of Catfish (Pangasiuspangasius) [Thesis]. Department of Fisheries Product Technology. Faculty of Fisheries and
Marine Science. UNRI. Unpublished. Pekanbaru.

30. lIrawan, P. . B.; Zulfanita, and |I|. A. Wicaksono. 2012. Business Analysis of Gurami
(OsphronemusgouramylLacepede) Hatchery in Kaliurip Village, Bener District, Purworejo Regency. 1(2): 24-33.

31. Kato H,; Rhue MR, Nishimura T. 1989. Role of Free Amino Acids and Peptides in Foodtaste. In: Teranishi R
(editor). Flavorchemistry; trends and developments.

32. Kawai:M, Uneyama H, Miyano H. 2009. Taste-Active Components in Foods, with Concentration on Umami
Compounds. Journal of Health Sciences. 55: 667-673.

33."Kawai, M., Okiyama, A., & Ueda, Y. 2002. Taste Enhancements Between Various Amino Acids and IMP.
Chemical Senses, 27(8), 739—745.

34. Linder MC. 1992. Nutritional Biochemistry and Metabolism with Chemical Use. Aminuddin P. Translator.
Jakarta: UlIPress.

35. Litaay, M. 2005. The Role of Nutrition in the Abalone Reproductive Cycle. Oceana, 3:1-7.



71.

72.

73.

74.
75.

76.
77.

78.
79.

80.

82.
83.

84.
85.

86.
87.

88.

90.
91.

92.
93.

94.
95.

96.

98.
99:

100.
101.

102.
103.
104.
105.
106.
107.

36. Liu, C., Li, M., Wang, Y., Yang, Y., Wang, A., and Gu, Z. 2022. Effects of High Hydrostatic Pressure and
Storage Temperature on Fatty Acids and Non-Volatile Taste Active Compounds in Red Claw Crayfish
(Cheraxquadricarinatus). Molecules, 27(16). Doi: 10.3390/molecules27165098

37. Liu, J. K., Zhao, S. M., and Xiong, S. B. 2009. Influence of Recooking on Volatile and Non-Volatile Compounds
Found in Silver Carp Hypophthalmichthys molitrix. Fish Sci, 75: 1067-1075.

38. Mandila, S.P., Hidajati, N. 2013. Identification of Amino Acids in Silk Worms (Tubifex sp.) Extracted with Acetic
Acid and Lactic Acid Solvents. UNESA Journal of Chemistry. 2(1): 103-108.

39. Mao X, Zeng X, Qiao S, Wu G, Li D. 2011. Specific Roles of Threonine in Intestinal Mucosal‘lntegrity and
Barrier Function. Frontiers in Bioscience (Elite edition). 3(4):1192-200.

40. Mareta, R., Subandiyono, S., and Hastuti, S. 2018. The Effect of Papain Enzymes and Probiotics in‘Feed on the
Efficiency of Feed Utilization and Growth of Gouramy (Osphronemusgouramy). Tropical Aquaculture Science, 1(1):
21-30.

41. Matsui R, Honda R, Kanome M, HagiwaraA, Matsuda Y, Togitani T, lkemotoN, Terashima M. 2018. Designing
Antioxidant Peptides Based on the Antioxidant Properties of the Amino Acid:Side-Chains. Food Chemistry.
245:750-755.

42. Mau JL, Lin HC, Chen CC. 2001 Non-Volatile Components of.Several Medicinal Mushrooms. Food Res Int
34:521-526 35.

43. Mc Donald, P., R. A. Edwards, J. F. D. Greenhalgh and C. A: Morgan. 2002. Animal Nutrition. 5th Edition.
Longman Scientific and Technical. New York.

44. Muhtadi M &Suhendi A. 2018. Antidiabetic Activity of a Combination of Snakehead Fish Powder (Channastriata)
and Ethanol Extract of Rambutan Fruit Peel (Nepheliumlappaceum) in Wistar Strain Male White Rats. Journal of
Science and Practical Pharmacy. 4(2):9-14.

45. Mustain, A. M., 2002. Studying the Aspects of Material Acceptance and Packaging Process in Confectionary
Products at PT. Sweet Candy Indonesia [Thesis]. Bogor: Faculty of Agricultural Technology. Bogor Agricultural
Institute.

46. Niwa Y, Irma MH, Rina H, Yoyo W. 2007. Nutrition and Feed Ingredients for Aquaculture Fish. Jambi:
Freshwater Cultivation Center.

47. Oladapa, A., Akin, M.A.S., and Olusegun, L.O. 1984. Quality Changes of Nigerian Traditionally Processed
Freshwater Fish Species. J Food Tech, 19 (1984), 341- 348.

48. Pratama, R. |7, I. Rostini, and. E. Rochima. 2018. Profile of Amino Acids, Fatty Acids, and Volatile Components
of Fresh and. Steamed Gourami Fish (Osphronemus gourami). Indonesian Journal of Processing of Fishery
Products, 21(2): 218-231.

49. Pratama, RI.,Rostini, I., and Rochima, E. 2017. Amino Acid Profile and Volatile Components of Fresh and
Steamed Vaname.Shrimp (Litopenaeusvannamei). Proceedings of the 1st International Conference on Food
Security Innovation (ICFSI), 57-68. Attack.

50. Pratama, R. |. 2013. Composition of Fresh Goldfish (Cyprinuscarpio) Flavor Compounds and Steaming Results.
Journal of Aquatics, 4(1): 55-67.

51."Pratama, R. I. 2011. Flavor Characteristics of Some Smoked Fish Products in Indonesia [Thesis]. Bogor
Agricultural Institute. Bogor.

52. Rafiqi, A.F., A. Junaidi. 2012. Amino Acid Motion and Change. Wirajaya University, Sumenep.
53. Rothe, M. 1989. Introduction to Aroma Research. Kluwer Academic Publishers. Dordrecht (Netherlands).

54. Sani, B. 2014. Gourami Fish Cultivation. Dafa Publishing. Jakarta.



108.
109.

110.
111.

112.
113.

114.

115.
116.

117.
118.

119.
120.
121.
122.

123.
124.

126.

127.
128.

129.
130.

131.
132.

133.
134.

135.
136.

137.
138.

139.
140.
141.
142.
143.
144.
145.
146.

55. Schweigert, B.S., H.R. Kraybill, and D.A. Greenwood. 2010. Amino Acid Composition of Fresh and Cooked
Beef Cuts. J. Science Food and Nutrition, 56(2):156-162.

56. Spurvey, S., Pan, B. S., &Shahidi, F. 1998. Flavor of Shellfish. in F. Shahidi (Ed.), Flavor of Meat, Meat
Products, and Seafoods (2nd ed., pp. 159-196). London, United Kingdom: Blackie Academic and Professional.

57. Sriket, P., Benjakul S, Visessanguan, W., Kijroongrojana, K. 2007. Comparative Studies on Chemical
Composition and Thermal Properties of Black Tiger Shrimp (Penaeus monodon) and White Shrimp
(Penaeusvannamei) Meats. Food Chemistry. 103:1199-1207.

58. Stantic A., Korac A., Buzadzic B., Otasevic V., Jankovic A., Vucetic M. and Korac B. 2012. L -Arginine in
Nutrition :Etiopathology of Diabetes Multiple Beneficial Effects in the Etiopathology of Diabetes.: Journal of
Nutritional Therapeutics. (2):114-131.

59. MPA Statistics. 2021. Data on Production Volume of Aquaculture Enlargement per, Main Commodity (Tons).
https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2#panel-footer-kpda. Retrieved August:29, 2022 at 10:55
am.

60. Sudhakar, M., Manivannan, K. and Soundrapandian, P. 2009. Nutritive Value of Hard and Soft Shell Crabs of
PortunusSanguinolentus (Herbst). J. of Animal and Veterinary Advances 1(2):44-48.

61. Sugiyono. 2017. Quantitative, Qualitative, and RdanD Research Methods. Alfabeta, CV. Bandung.

62. Sumiati, T. 2008. The Effect of Processing on the Quality of Protein Digest of Mujair Fish (Tilapia massambica).
Faculty of Agriculture, Bogor Agricultural University, Bogor:

63. Suprayitno, E., Sulistiyati, T.D. 2017. Protein Metabolism.Malang: UB Press.

64. Suryaningrum DT, Muljanah |, Tahapari E. 2010. Sensory. Profiles and Nutritional Values of Several Types of
Catfish and Nasutu Hybrids. Journal of Postharvest and Marine and Fisheries Biotechnology. 5: 153-164.

65. Susilo, E. Y. 2009. The Effect Of Formulation And Steaming Process Toward Glutamic Acid Concentration In
Spirulina Based Flavor Enhancer [Other Thesis]. UnikaSoegijapranata Semarang. Semarang.

66. Susilo, R., Suparmi and Edison..2017. Quality Study of Natural Flavor Powder from Shrimp Waste. Online
Journal of Students of the Faculty of Fisheries and Marine Sciences, University of Riau, 4(1): 1-9.

67. Thariq, AS, Swastawati, F., Surti, T. 2014. The Effect of Differences in Salt Concentration in Mackerel Peda
(Rastrelligerneglectus).on the Glutamate Acid Content that Gives a Savory Taste (Umami). Journal of Processing
and Biotechnology .of Fishery Products. 3(3): 105-107.

68. Toth L, Potthast K: 1984. Chemical Aspects of the Smoking of Meat and Meat Products. Inside: Chichester CO
(editors). Advances in Food Research. Academic Press Inc. New York.

69. Villanueva, R., J. Riba, C. Ruiz-Capillas, Gonzales, A.V., Baeta, M. 2004. Amino Acid Composition Of Early
Stages Of Cephalopods And Effect Of Amino Acid Dietary Treatments On Octopus Vulgaris Paralarvae.
Aquaculture; 242 :455-478.

70. 'Wahbi, M. R. Karnila and Edison. 2018. Amino Acid Profile of Male and Female Tobacco Fish
(Periophthalmusminutis). Unri Student Online Journal. matter. 1-9.

71.'Winarno, F. G. 2008. Food Chemistry and Nutrition. Jakarta: PT. Gramedia.
72. Winarno, F. G. 2004. Food Chemistry and Nutrition. Eleventh Printing. PT. Main Library Gramedia. Jakarta.
73. Winarno, F. G. 1997. Food Chemistry and Nutrition. Main Library Gramedia. Jakarta.

74. Wongso S, Yamanaka H. 1998. Extractive Components of the Adductormuscle of Japanese Baking Scallops
and changes During Refrigerated Storage. Journal of FoodScience. 63(5): 772-776.



147.
148.

149.
150.
151.
152.

153.
154.

155.
156.

157.
158.

75. Wu, H.-C., &Shiau, C.-Y. 2002. Proximate Composition, Free Amino Acids and Peptides Contents in
Commercial Chicken and Other Meat Essences. Journal of Food Drug Analysis, 10, 170-177.

76. Xu, Y., D. Zhang,. H. Liu., Z. Wang., T. Hui and J. Sun. 2021. Comprehensive Evaluation of Volatile and
Nonvolatile Compounds in Oyster Cuts of Roasted Lamb at Different Processing Stages Using Traditional Nang
Roasting. Foods, 10 (1508): 1-18.

77. Yamaguchi, K., and K. Watanabe. 1990. Taste Active Components of Fish and Shellfish. Science of Processing
Marine Products, Vol 1(Hyogo): 111-122.

78. Yang JH, Lin HC, Mau JL. 2001. Non-Volatile Taste Components of Several Commercial-Mushrooms.. Food
Chem 72:465-471.

79. Zakaria, R. 2008. Declining quality of post-harvest gourami (Osphronemusgouramy) in<chilling temperature
storage [Thesis]. Bogor Agricultural Institute. Bogor.

80. Zhao CJ, Scheber A, Ganzle MG. 2016. Formation of Taste-Active Amino.Acids, Amino:Acid Derivatives and
Peptides in Food Fermentations. Food Research International. 89: 39-47.



