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Abstract. Fish sauce is a typical seasoning used in various cuisines, 

especially in several Asian regions such as Japan, Korea, Indonesia, 

Thailand, Vietnam, and Malaysia. Fish sauce is a thick liquid produced 

through the fermentation process of raw seafood materials. This product 

imparts a distinct savoury and salty taste and a unique aroma and flavour to 

food products. Many types of fish sauce are produced from various seafood 

products such as fish, shrimp, squid, clams, or a combination of these 

seafood types. Each type of raw material yields fish sauce with different 

aromas, tastes, and nutritional contents. This review covers the types of raw 

materials used in fish sauce production and the taste and aroma 

characteristics of the resulting fish sauces. The raw materials covered in this 

article include anchovies, tuna, sardines, mackerel, shrimp, squid, and 

clams. Furthermore, the fermentation methods used in producing fish sauce 

from each of these materials will also be presented, along with each fish 

sauce variety's dominant amino acid content.  

1 Introduction 

Fish sauce in Figure 1, is one of the traditional spices popular in several regions of Asia, 

especially East Asia and Southeast Asia [1,2]. Fish sauce is a fermented product of fish or 

other fishery products in the form of light yellow, purplish red, dark brown, to grey liquids, 

and has a distinctive aroma and savory taste [3–6] The process of making fish sauce usually 

uses types of fish that vary depending on the region and method used. In some countries, fish 

sauce is commonly used as a spice. In addition, this product is rich in nutrients, including all 

essential amino acids, vitamins, trace minerals, and many bioactive peptides [7,8]. 

The ancient Romans first developed fish sauce in the 5th century BC under the name 

Garum [9]. Garum is made from the blood and offal of fresh mackerel or salted mackerel (up 

to 25% w/w) and fermented for 2-9 months [10]. Nowadays, fish sauce is spreading all over 

the world, particularly in Asia under different names in each country, such as Mahyaveh dan 

Suragh in Iran [11,12], Yu-lu in China [13], Myeolchi-Aekjeot in Korea [14], Shottsuru dan 
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Ishiru in Japan [15,16], Kecap Ikan in Indonesia [4], Budu in Malaysia [17], Nam-pla in 

Thailand [18], Nuoc-Mam in Vietnam [19], Hmyin-ngan-pya-ye in Myanmar [20], and Patis 

in Philippines [21].  

Fish sauce is prepared by spontaneous or non-spontaneous (with the addition of a starter) 

fermentation of various fish after adding salt and fermented for 1-12 months or more [4,22]. 

The ratio of fish and salt varies between 1:1 to 6:1 depending on the country [1]. Many types 

of fish sauce are made from various seafood products such as fish, shrimp, squid, clams, or 

a combination of these seafood types [23,24]. The type of fish used in the production of fish 

sauce, which varies from country to country, affects the aroma, taste, and nutritional quality 

of fish sauce [2,13,25]. 

This review covers the types of raw materials used in fish sauce production and the taste 

and aroma characteristics of the resulting fish sauces. The raw materials covered in this article 

include anchovies, tuna, sardines, mackerel, shrimp, squid, and clams. Furthermore, the 

fermentation methods used in producing fish sauce from each of these materials will also be 

presented, along with each fish sauce variety's dominant amino acid content. 

2 Fish Sauce Materials and Processing 

These types of fish sauce products include different species of fish used as the primary raw 

material, salt concentrations, adding spices, storage temperatures, storage containers, and 

processing techniques, resulting in a final product with unique properties in aroma, flavour, 

and colours. Variety fish sauce production generally has the same concept: salting, enzyme 

hydrolysis, and bacterial fermentation [5]. The variety of fish sauce raw materials worldwide 

can be seen in Table 1. 

Table 1. Summary Raw Materials of Fish Sauce 

Commodities Country Reference 

Anchovy 
Iran, China, Italia, Thailand, Indonesia, 

Korea, Malaysia, Vietnam, Philippines 
 [3,11,13,14,17,19,26–28] 

Sardine Indonesia, India, Iran  [12,29–31] 

Mackerel Roman, Japan  [10,32,33] 

Tunny Indonesia, Thailand  [6,34,35] 

Squid China, Japan  [15,16,36] 

Shrimp Myanmar, China, Japan  [20,37,38] 

Clams 
Indonesia, Philippines, Sri Lanka, 

China 
 [39–42] 

2.1 Anchovy Fish Sauce 

Anchovy is widely used as the primary raw material in Asian fish sauces because anchovy is 

an abundant fish resource living in the Pacific Ocean, Atlantic Ocean, and South 

America  [26,43,44]. Table 2 shows a summary of various anchovy species, processing 

methode and their parameters of anchovy fish sauce. Various species of anchovies have been 

used in making fish sauces in each country with various processing methods. In Iran, there 

are two traditional fish sauces called Mahyaveh and Suragh. Mahyaveh is processed using 

Stelophorus sp. and salt in a ratio of 2:1 (fish: salt) and fermented for 25–30 days at room 

temperature. The fermentation results are mixed with mustard and other spices, then 

fermented again for 10-15 days  [11,45]. In China, fish sauce (Yu-lu) processing uses 

Engraulis japonicus and salt in a ratio of 3-4:1 (fish: salt) fermented for 1-12 months  [7,13]. 

In Thailand, fish sauce processing (Nampla) uses Stolephourus spp. and salt in a ratio of 2-
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3:1 (fish: salt) fermented at 25oC for 12−18 months. The fermentation results are then drained 

and allowed to stand for 2−12 weeks before packaging  [18,46,47]. In Vietnam, fish sauce 

(Nuoc-Mam) is processed using Stolephorus commersonii and salt in a ratio of 3:1–2 (Fish: 

salt) fermented for 9–12 months or more in sealed barrels  [5]. In some areas of Vietnam, 

people also used plant enzymes such as papain or bromelain to speed up fermentation  [19]. 

In Italy, the processing of fish sauce (Colatura di Alici) uses Engraulis encrasicolus, and salt 

is layered into wooden barrels in a ratio of 2:1 (Fish: salt). The vat is then tightly closed and 

fermented for 9-12 months at 18-25oC  [3,48]. In Indonesia, fish sauce processing (Kecap 

Ikan) uses Stolephorus sp., or Coilia dussumieri  [49] and salt in the ratio of 5:1.5-3.5 (Fish: 

salt) fermented for 1-2 months  [50]. In Korea, fish sauce (Myeolchi-Aekjeot) is made from 

fermented Engraulis japonicus and salt in a ratio of 4-5:1 (fish:salt) for 12-24 

months  [51,52]. In particular, Myeolchi-Aekjeot is used to strengthen traditional Korean 

foods' nutrition, flavour, and flavour, including Kimchi  [14]. In Malaysia, fish sauce (Budu') 

processing uses Ilisha melastoma  [17] or Stolephorus spp. and salt in a ratio of 3-5:1 (fish: 

salt) fermented for 3-12 months. Furthermore, the fermentation liquids are added sugar to 

make the colour of the fish sauce darker and have a thick liquid consistency  [5]. In the 

Philippines, Fish sauce (Patis) is manufactured using Stolephorus commersonii mixed with 

salt in ratios ranging from 1-5:1 (fish: salt) and fermented for 3-12 months  [27,53]. 

Table 2. Summary of Anchovy Fish Sauce Processing 

Country Species 
Fish:salt 

(w/w) 

Fermentation 

Duration 
References 

Iran Stelophorus sp. 2:1 

25-30 days + 10-15 

days after adding 

spices 

 [11,45] 

China Engraulis japonicus 3-4:1 1-12 months  [7,13] 

Thailand Stolephourus spp. 2-3:1 12−18 months  [18,46,47] 

Vietnam 
Stolephorus 

commersonii 
3:1–2 9–12 months  [5,19] 

Italy Engraulis encrasicolus 2:1 9–12 months  [3,48] 

Indonesia 
Stolephorus sp. 

Coilia dussumieri 
5:1.5-3.5 1-2 months  [4,49,50] 

Korea Engraulis japonicus 4-5:1 12-24 months  [14,51,52,54] 

Malaysia 
Ilisha melastoma 

Stolephorus spp. 
3-5:1 3-12 months  [5,17,55] 

Philippines 
Stolephorus 

commersonii 
1-5:1 3-12 months  [27,53] 

2.2 Sardines Fish Sauce 

Sardine, a pelagic fish with high omega-3 fatty acids, is primarily consumed as a dietary 

source [56]. In addition to anchovies, Sardine is most frequently used for fish sauce 

production [1]. Various species of sardines have been used in making fish sauces in several 

countries with various processing methods. In Indonesia, in addition to using anchovies, fish 

sauce also uses Sardinella spp. or Sardinella lemuru [30] and salt in the ratio of 5:1.5-5:3.5 

(Fish:salt) fermented for 1-2 months  [5]. In Southern India, fish sauce (Colombo cured) is 

processed using Sardinella spp. and salt in a ratio of 3:1 (fish: salt) fermented for 2−4 months. 

Improvements in the quality are obtained if 5% acetic acid is added in place of tamarind [57]. 

In Iran, fish sauce (Suragh) uses Sardinella spp. or Dussumieria acuta and salt in a ratio of 5-

3:1 (fish: salt), as well as the addition of red soil or ocher that is only available in Hormuz 

Island, Iran. The mixture is left for spontaneous fermentation for six months at room 

temperature [12]. 
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2.3 Mackerel Fish Sauce 

Mackerel is a pelagic fish widely used in making fish sauce in various Asian countries [13]. 

The world's first fish sauce, Garum, came from Romans and was made from Rastrelliger spp., 

or Scomber scombrus fresh and salt (up to 25 w/w%) and fermented for 2-9 months [32,58]. 

In Japan, one of the fish sauce processing (Shottsuru) uses horse mackerel (Trachurus 

japonicus) or pacific mackerel (Scomber japonicus) and salt in a ratio of 3:1 or 7:2 (fish: salt). 

Shottsuru is allowed to disintegrate in earthenware jars and in wooden and cement tanks for 

12–18 months [33,59]. 

2.4 Tunny Fish Sauce 

Fish sauce is mainly produced from anchovies, Sardines, and mackerel [1]. However, several 

countries use tuna as raw material for fish sauce. In Indonesia, in addition to anchovies and 

sardines, fish sauce processing is also found using Thunnus albacores loin and salt with a 

ratio of 2:1 (fish:salt) fermented at 50oC for 1-1.5 months. The enzyme papain is also used 

to manufacture tuna sauce to speed up fermentation [6,34]. In Thailand, fish sauce processing 

is also found using Skipjack tuna (Kastsuwonus pelamis) viscera and salt with a ratio of 3:1 

(fish:salt) fermented at a temperature of 27-35oC for 1-12 months  [35]. 

2.5 Squid Sauce 

Squid is one of the world’s most important commercial seafood products and is mainly 

utilized or produced as sliced raw fish, and dried, seasoned, smoked, and fermented 

products  [60]. There have been few reports that utilized squid as a material for fermented 

sauce. In China, squid sauce was made from Symplectoteuthis oualaniensis mixed with salt, 

water and koji (Aspergillus oryzae) with a ratio of 5:0,5:4:1 (squid:salt:water:koji) fermented 

at 48oC for one month  [36]. In Japan, squid sauce (Ishiru) is prepared with squid and salt 

with a ratio of 5:1 (squid: salt) and left to ferment for 12-24 months  [15,16]. After 

fermentation, this liquid is then deproteinized by boiling and filtered. Finally, the resulting 

liquid is taken as a finished product  [5]. 

2.6 Shrimp Sauce 

Like fish sauce, shrimp sauce is a customary condiment in East and Southeast Asia, especially 

from Myanmar, China, and Japan, that is fermented at a high salt concentration  [37]. The 

genus Acetes is the most common raw material to produce shrimp sauce [61]. In Myanmar, 

the shrimp sauce Hmyin-ngan-pya-ye is used as an essential condiment or seasoning in daily 

cuisine [61]. Processing Hmyin-ngan-pya-ye shrimp sauce using fresh shrimps from various 

genera, such as Acetes and Mysid, mixed with salt and fermented for 3-12 months  [20]. In 

China, shrimp sauce processing using Acetes chinensis shrimp and salt in a ratio of 3:1 

(fish:salt) fermented for 12-24 months or more in closed barrels  [37]. Di Jepang, another 

type of Japanese fish sauce (Shottsuru) is made from small shrimp (Mysid) mixed with fish 

meat before salting. The fish-to-salt ratio could be within 3:1, and the mixture is left to 

ferment for 12-18 months at room temperature [5,59]. 

2.7 Clam Sauce 

At present, there are limited accounts of the way fermented clam sauce is being processed. 

However, just like making fish sauce, clam meat can be fermented at high salt concentrations 

to make clam sauce [62,63]. Table 3 shows a summary of various clam species, processing 
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methode and their parameters of clam sauce. In Indonesia, the process of processing clam 

sauce uses freshwater clam (Batissa violacea), salt, and gelatin with a ratio of 2:1:0.3 

(clam:salt:gelatin), and added enzymes and fermented for 1-2 weeks at room temperature  

[42]. In Philippines, Clam sauce uses freshwater clam (Batissa violacea), sugar, and soy sauce 

with a ratio of 4:1:1. Cook the clam meats slowly in water until the pulp caramelizes into a 

thick, brown, intense, and flavorful sauce. After these steps, the sauce is left cool, stored in 

bottles, and sealed [39]. In Sri Lanka, the process of processing clam sauce used mud clam 

(Geloina coaxans) with salt and papaya crude extract with a ratio of 5:2:3 (clam:salt:papaya 

crude extract), fermented at 60oC for 10 days  [40]. In China, clam sauce processing used 

Manila clam (Ruditapes philippinarum), salt, and soybean koji with ratio 5:3:1, and 

fermented at 35oC for 12-18 days [41]. 

Table 3. Summary of Clam Sauce Processing 

Country Species Clam:salt (w/w) 
Fermentation 

Duration 
References 

Indonesia Batissa violacea 2:1:0.3 (add gelatin) 1-2 weeks  [42] 

Philippines Batissa violacea 
4:1:1 (clam:sugar:soy 

sauce) 
  [39] 

Sri Lanka Geloina coaxans 5:2:3 (add papaya extract) 10 days  [40] 

China 
Ruditapes 

philippinarum 
5:3:1 (add koji) 12–18 days  [41] 

3 Free Amino Acid and Taste of Fish Sauce 

The amino acid composition of fish sauce may be nutritionally essential, especially in 

regions where fish sauce is a significant source of dietary protein [36]. Amino acids have a 

close relationship with flavor because they are the main components in the formation of 

proteins, which in turn affect the taste and aroma of food [64,65]. Some amino acids, 

particularly glutamate and aspartate, are known to elicit the taste sensation of umami, which 

is described as a savory or meaty taste [66]. This perception is mediated by specific taste 

receptors on the taste buds, particularly the T1R1/T1R3 receptor, which responds to 

glutamate and aspartic acid [67]. Amino acids can undergo chemical reactions, such as the 

Maillard reaction, during food processing or cooking. This reaction involves the reaction of 

amino acids with reducing sugars, leading to the formation of a complex mixture of volatile 

compounds that contribute to the aroma and flavor of foods [1,29,48]. Certain amino acids, 

such as phenylalanine and tryptophan, can impart a bitter taste when present in high 

concentrations [65,66]. Bitter taste perception is mediated by specific taste receptors, such as 

TAS2R receptors, on the taste buds [68]. The presence of bitter-tasting amino acids can affect 

the overall flavor balance of foods, particularly when present in excess. Amino acids may 

interact synergistically with other taste compounds, so that can leading to a more balanced 

and palatable flavor profile [68].  

Fish sauce's flavor taste is heavily influenced by amino acids, which are classified into 

umami (aspartic acid and glutamic acid), sweetness (glycine, alanine, serine, proline and 

lysine), bitterness (arginine, tryptophan, leucine, isoleucine, methionine, phenylalanine, 

histidine, tyrosine and valine) and tasteless amino acids (cysteine) [13,66]. Table 4 shows 

fish sauce's free amino acids and dominant taste properties. The study found glutamic acid, 

aspartic, alanine, valine, lysine, leucine, histidine, arginine, and glycine were the amino acids 

to have dominant taste characteristics in fish sauce. Glutamic acid and aspartic are the most 

dominant in all fish sauce variants. Glutamic and aspartic acids are the most abundant free 

amino acids in fermented fish, especially for fish sauce, and their concentrations often exceed 

 

  

      

, 01007 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20249601007 96
2nd UICAT 2023

5



the taste threshold [64,65]. Glutamic and aspartic acids represent umami taste qualities [68]. 

Alanine, followed by glutamic and aspartic acid, is the most dominant in the fish sauce and 

represents sweetness [38,68]. The following most dominant amino acids are leucine and 

lysine. Leucine was found in anchovy, Sardine, mackerel, tunny fish sauce, and clam sauce. 

At the same time, lysine was found in anchovy and sardine fish sauce, squid sauce, and 

shrimp sauce. Leucine is an amino acid that is associated with bitterness, while lysine is an 

amino acid that is associated with sweetness [65]. Valine, arginine, and histidine, found in 

anchovy fish sauce, mackerel fish sauce, squid sauce, and clam sauce, are amino acids that 

represent bitterness [68,69]. However, under certain conditions, valine, arginine, histidine, 

and other bitter amino acids can enhance the mellow feel of fermented products and bring 

out unique flavours, but can also enhance umami [70]. Histidine in fish sauce also contributes 

to the umami and “fish sauce-like” taste, especially for tunny fish sauce [5]. The last amino 

acid is glycine, found in shrimp sauce. Like alanine, Glycine is an amino acid representing 

sweetness, especially in shrimp sauce [37,68].  

Table 4. Free amino Acid with Dominant Taste Properties of Fish Sauce 

Fish Sauce Amino Acid Association Taste Properties References 

Anchovy Fish 

Sauce 

Glutamic acid 

Leucine 

Lysine 

Aspartic acid 

Valine 

Umami 

Bitterness 

Sweetness 

Umami 

Bitterness 

 [1,10,13,17,26] 

Sardine Fish Sauce 

Aspartic acid 

Glutamic acid 

Lysine 

Alanine 

Leucine 

Umami 

Umami 

Sweetness 

Sweetness 

Bitterness 

 [10,12,31] 

Mackerel Fish 

Sauce 

Aspartic acid 

Alanine 

Leucine 

Glutamic acid 

Arginine 

Umami 

Sweetness 

Bitterness 

Umami 

Bitterness 

 [10,32] 

Tunny Fish Sauce 

Glutamic acid 

Histidine 

Aspartic acid 

Alanine 

Leucine 

Umami 

Bitterness 

Umami 

Sweetness 

Bitterness 

 [6,34,35] 

Squid Sauce 

Glutamic acid 

Alanine 

Lysine 

Valine 

Aspartic acid 

Umami 

Sweetness 

Sweetness 

Bitterness 

Umami 

 [15,36] 

Shrimp Sauce 

Glutamic acid 

Lysine 

Aspartic acid 

Alanine 

Glycine 

Umami 

Sweetness 

Umami 

Sweetness 

Sweetness 

 [20,37,38] 

Clam Sauce 

Alanine 

Glutamic acid 

Aspartic acid 

Valine 

Leucine 

Sweetness 

Umami 

Umami 

Bitterness 

Bitterness 

 [41] 
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4 Conclusion 

Previous research has categorized variations in raw materials for processing fish sauce in 

various countries, such as anchovies, sardines, mackerel, tuna, squid, shrimp, and clams. 

Variation raw materials of fish sauces have variant formulations with processing flow. 

However, the fundamental for the fermentation process remains the same, which involves 

the application of salts onto the fish. Previous studies have shown the presence of free amino 

acids like glutamic acid, aspartic, alanine, valine, lysine, leucine, histidine, arginine, and 

glycine, contributing to its flavor taste in multiple varieties of fish sauces. 

References 

1. K. Lopetcharat, Y. J. Choi, J. W. Park, and M. A. Daeschel, Fish Sauce Products and 

Manufacturing: A Review, Food Reviews International 17, 65 (2001). 

2. J. Zang, Y. Xu, W. Xia, and J. M. Regenstein, Quality, Functionality, and Microbiology 

of Fermented Fish: A Review, Crit Rev Food Sci Nutr 60, 1228 (2020). 

3. G. L. Russo, A. L. Langellotti, A. Genovese, A. Martello, and R. Sacchi, Volatile 

Compounds, Physicochemical and Sensory Characteristics of Colatura Di Alici, a 

Traditional Italian Fish Sauce, J Sci Food Agric 100, 3755 (2020). 

4. S. N. A. Puat, N. Huda, W. N. W. Abdullah, A. F. M. Alkarkhi, and Ardiansyah, 

Chemical Composition and Protein Quality of Fish Sauces (Kecap Ikan and Nampla), 

Asia Pacific Journal of Sustainable Agriculture Food and Energy 3, 2 (2015). 

5. S. Hakimi, M. N. Ismail, M. N. A. Ayub, and F. Ahmad, A Review on Fish Sauce 

Processing, Free Amino Acids and Peptides with Sensory Properties, Food Res 6, 33 

(2022). 

6. M. R. Wenno and C. R. M. Loppies, Physico-Chemical Characteristics and Amino Acid 

Profile of Fermented Sauce Made from Tuna Loin by-Product, IOP Conf Ser Earth 

Environ Sci 370, 012006 (2019). 

7. W. Jiang, Y. Xu, C. Li, X. Dong, and D. Wang, Biogenic Amines in Commercially 

Produced Yulu, a Chinese Fermented Fish Sauce, Food Additives & Contaminants: Part 

B 7, 25 (2014). 

8. Du, Zhang, Gu, and Song, Dynamic Changes in the Bacterial Community During the 

Fermentation of Traditional Chinese Fish Sauce (TCFS) and Their Correlation with 

TCFS Quality, Microorganisms 7, 371 (2019). 

9. Y. Aquerreta, I. Astiasarán, and J. Bello, Use of Exogenous Enzymes to Elaborate the 

Roman Fish Sauce ‘Garum,’ J Sci Food Agric 82, 107 (2002). 

10. O. G. Mouritsen, L. Duelund, G. Calleja, and M. B. Frøst, Flavour of Fermented Fish, 

Insect, Game, and Pea Sauces: Garum Revisited, Int J Gastron Food Sci 9, 16 (2017). 

11. M. Zarei, H. Najafzadeh, M. H. Eskandari, M. Pashmforoush, A. Enayati, D. Gharibi, 

and A. Fazlara, Chemical and Microbial Properties of Mahyaveh, a Traditional Iranian 

Fish Sauce, Food Control 23, 511 (2012). 

12. A. Oujifard, S. Benjakul, N. P. Nirmal, and S. Bashirzadeh, Chemical, Nutritional, 

Microbial, and Sensory Characteristic of Fish Sauce Suragh from Hormozgan, Iran, 

Journal of Aquatic Food Product Technology 30, 140 (2021). 

13. Y. Wang, C. Li, L. Li, X. Yang, Y. Wu, Y. Zhao, and Y. Wei, Effect of Bacterial 

Community and Free Amino Acids on the Content of Biogenic Amines During 

Fermentation of Yu-Lu, a Chinese Fermented Fish Sauce, Journal of Aquatic Food 

Product Technology 27, 496 (2018). 

 

  

      

, 01007 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20249601007 96
2nd UICAT 2023

7



14. H.-W. Lee, Y.-J. Choi, I. M. Hwang, S. W. Hong, and M.-A. Lee, Relationship between 

Chemical Characteristics and Bacterial Community of a Korean Salted-Fermented 

Anchovy Sauce, Myeolchi-Aekjeot, LWT 73, 251 (2016). 

15. M. Mori and T. Koyanagi, Fish and Squid Sauce “Ishiru” in Noto Peninsula, Ishikawa 

Prefecture, Japan, Bulletin of the Society of Sea Water Science, Japan 70, 295 (2016). 

16. F. Watanabe, T. Michihata, S. Takenaka, H. Kittaka‐Katsura, T. Enomoto, E. 

Miyamoto, and S. Adachi, Purification and Characterization of Corrinoid Compounds 

from a Japanese Fish Sauce, J Liq Chromatogr Relat Technol 27, 2113 (2004). 

17. L. Najafian and A. S. Babji, Purification and Identification of Antioxidant Peptides from 

Fermented Fish Sauce ( Budu ), Journal of Aquatic Food Product Technology 28, 14 

(2019). 

18. W. Garnjanagoonchorn, Thai Fish Sauce: A Traditional Fermented Sauce, in 

Modernization of Traditional Food Processes and Products (Springer US, Boston, MA, 

2016), pp. 115–123. 

19. N. D. Nghia, T. S. Trung, and P. V Dat, “Nuoc Mam” Fish Sauce in Vietnam: A Long 

History from Popular Seasoning to Health Benefit Bioactive Peptides, Ann Food 

Process Preserv 2, 1017 (2017). 

20. T. Kobayashi, C. Taguchi, K. Futami, H. Matsuda, T. Terahara, C. Imada, K. Khin Gyi, 

N. K. T. Moe, and S. M. Thwe, Microbiological Properties of Myanmar Traditional 

Shrimp Sauce, Hmyin-Ngan-Pya-Ye, Fisheries Science 86, 551 (2020). 

21. F. B. Elegado, S. M. T. Colegio, V. M. T. Lim, A. T. R. Gervasio, M. T. M. Perez, M. 

P. Balolong, C. G. B. Banaay, and B. C. Mendoza, Ethnic Fermented Foods of the 

Philippines with Reference to Lactic Acid Bacteria and Yeasts, in Ethnic Fermented 

Foods and Alcoholic Beverages of Asia (Springer India, New Delhi, 2016), pp. 323–

340. 

22. A. D. Q. Nguyen, A. Sekar, M. Kim, L. P. Nguyen, N. T. Le, S. Uh, S. Hong, and K. 

Kim, Fish Sauce Fermentation Using Marinococcus Halotolerans SPQ Isolate as a 

Starter Culture, Food Sci Nutr 9, 651 (2021). 

23. M. Nakano, Y. Sagane, R. Koizumi, Y. Nakazawa, M. Yamazaki, T. Watanabe, K. 

Takano, and H. Sato, Data on the Chemical Properties of Commercial Fish Sauce 

Products, Data Brief 15, 658 (2017). 

24. M. Nakano, Y. Sagane, R. Koizumi, Y. Nakazawa, M. Yamazaki, K. Ikehama, K. 

Yoshida, T. Watanabe, K. Takano, and H. Sato, Clustering of Commercial Fish Sauce 

Products Based on an E-Panel Technique, Data Brief 16, 515 (2018). 

25. V. Chavasit, S. Tuntipopipat, and R. Watanapaisantrakul, Fortification of Fish Sauce 

and Soy Sauce, in Handbook of Food Fortification and Health, Vol. 2 (Springer New 

York, 2013), pp. 113–125. 

26. J. Sun, X. Yu, B. Fang, L. Ma, C. Xue, Z. Zhang, and X. Mao, Effect of Fermentation 

by Aspergillus Oryzae on the Biochemical and Sensory Properties of Anchovy ( 

Engraulis Japonicus ) Fish Sauce, Int J Food Sci Technol 51, 133 (2016). 

27. R. T. Mueda, Physico-Chemical and Color Characteristics of Salt-Fermented Fish 

Sauce from Anchovy Stolephorus Commersonii, AACL BIOFLUX 8, 565 (2015). 

28. F. N. I. Hafizh, I. Rostini, R. I. Pratama, and E. Rochima, The Effect of Pineapple 

Extract (Ananas Comosus L) on the Quality of Anchovy Fish Sauce, Asian Journal of 

Fisheries and Aquatic Research 20 (2022). 

 

  

      

, 01007 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20249601007 96
2nd UICAT 2023

8



29. S. G. S. Gowda, B. Narayan, and S. Gopal, Comparative Analysis of Bioactive 

Components of Enzymatically and Fermentatively Produced Fish Sauce from Sardine, 

Turk J Fish Aquat Sci 23, (2023). 

30. H. Mahrus, L. Zulkifli, D. A. C. Rasmi, and P. Sedijani, Preparation and Quality 

Evaluation of Sardines Sauce Rich in Omega-3 Using the Combination of Pineapple 

Fruit Extracts and Fermentation Times, J Food Sci Technol 60, 835 (2023). 

31. T. Dincer, S. Cakli, B. Kilinc, and S. Tolasa, Amino Acids and Fatty Acid Composition 

Content of Fish Sauce, Journal of Animal and Veterinary Advances 9, 311 (2010). 

32. M. A. Rabie, M. Namir, N. A. Rabie, and M. F. R. Hassanien, Acceleration of Mackerel 

Fish Sauce Fermentation via Bromelain Addition, Nutr Food Sci 49, 47 (2019). 

33. T. Utagawa, Rapid Fermentation of Fish Sauce and Its Use, Journal of The Brewing 

Society of Japan 107, 477 (2012). 

34. J. Leiwakabessy, R. B. D. Sormin, and M. N. Mailoa, Amino Acid Profile of Tuna 

(Thunnus Albacores) Fish Sauce Fermented by Salt and Papain Enzyme, IOP Conf Ser 

Earth Environ Sci 777, 012027 (2021). 

35. S. Dissaraphong, S. Benjakul, W. Visessanguan, and H. Kishimura, The Influence of 

Storage Conditions of Tuna Viscera before Fermentation on the Chemical, Physical and 

Microbiological Changes in Fish Sauce during Fermentation, Bioresour Technol 97, 

2032 (2006). 

36. W. Xu, G. Yu, C. Xue, Y. Xue, and Y. Ren, Biochemical Changes Associated with Fast 

Fermentation of Squid Processing By-Products for Low Salt Fish Sauce, Food Chem 

107, 1597 (2008). 

37. W. Zhu, H. Luan, Y. Bu, X. Li, J. Li, and G. Ji, Flavor Characteristics of Shrimp Sauces 

with Different Fermentation and Storage Time, LWT 110, 142 (2019). 

38. T. Nagai, M. Saito, Y. Tanoue, N. Kai, and N. Suzuki, Reduced-Salt Shrimp Sauces 

from Alaskan Pink Shrimp and Nonglutinous Rice Cultivar Tsuyahime Koji: 

Preparation and Characterization, Int Aquat Res 12, 279 (2020). 

39. C. A. Cortes, Development of Cabibi/Freshwater Clam (Batissa Violacea) Sauce, J 

Food Process Technol 09, (2018). 

40. H. M. S. M. Wijerathna, K. Radampola, and H. W. Cyril, Potential Use of Mud Clam 

(Geloina Coaxans) in Producing Sauce with Papaya Crude Extraction as a Protein 

Hydrolysing Agent, Journal of Fisheries 9, 1 (2021). 

41. T. Zhou, Y. Ma, W. Jiang, B. Fu, and X. Xu, Selection of a Fermentation Strategy for 

the Preparation of Clam Sauce with Acceptable Flavor Perception, Foods 12, (2023). 

42. Y. Fatriana, M. N. Ibrahim, and K. T. Isamu, Pengaruh Perbandingan Daging Kerang 

Pokea (Batissa  Violacea Var. Celebensis, von Martens 1897) Dan Buah Nanas (Ananas 

Comosus) Terhadap Kualitas Kecap, Jurnal Fish Protech 1, 48 (2018). 

43. B. Tufan, S. Koral, and S. Köse, Changes during Fishing Season in the Fat Content and 

Fatty Acid Profile of Edible Muscle, Liver and Gonads of Anchovy (Engraulis 

Encrasicolus) Caught in the Turkish Black Sea, Int J Food Sci Technol 46, 800 (2011). 

44. K. Moraes and L. A. A. Pinto, Protein Quality of Dried Enzymatic Hydrolysate from 

Anchovy Produced in a Spouted Bed of Inert Particles, Int J Food Sci Technol 50, 819 

(2015). 

45. H. Ghayoomi, M. B. Habibi Najafi, M. R. Edalatian Dovom, and A. Pourfarzad, Low 

Salt and Biogenic Amines Fermented Fish Sauce (Mahyaveh) as Potential Functional 

Food and Ingredient, LWT 182, 114801 (2023). 

 

  

      

, 01007 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20249601007 96
2nd UICAT 2023

9



46. N. Lapsongphon, J. Yongsawatdigul, and K. R. Cadwallader, Identification and 

Characterization of the Aroma-Impact Components of Thai Fish Sauce, J Agric Food 

Chem 63, 2628 (2015). 

47. Y. Cheenkaew, W. Panpipat, and M. Chaijan, Southern-Style Pad Thai Sauce: From 

Traditional Culinary Treat to Convenience Food in Retortable Pouches, PLoS One 15, 

e0233391 (2020). 

48. O. Corona, L. Cinquanta, C. Li Citra, F. Mazza, V. Ferrantelli, G. Cammilleri, E. 

Marconi, F. Cuomo, and M. C. Messia, Evolution of Free Amino Acids, Histamine and 

Volatile Compounds in the Italian Anchovies (Engraulis Encrasicolus L.) Sauce at 

Different Ripening Times, Foods 12, 126 (2022). 

49. K. S. Harahap, R. S. Mardiah, and S. A. Ikhsan, Business Analysis of Fish Sauce from 

Goldspotted Anchovy (Coilia Dussumieri) in Bagansiapiapi, Riau Province, IOP Conf 

Ser Earth Environ Sci 715, 012064 (2021). 

50. R. C. Ray and M. Didier, editors , Microorganisms and Fermentation of Traditional 

Foods (CRC Press, 2014). 

51. K. Shim, J. S. Mok, Y. Jeong, K. Park, and M.-S. Jang, Effect of Organic Acids on the 

Formation of Biogenic Amines in Fermented Anchovy Sauce Comprising Raw 

Anchovy Materials with Different Levels of Freshness, J Food Sci Technol 59, 703 

(2022). 

52. S.-M. Lee, A. K. M. Asaduzzaman, and B.-S. Chun, Characterization of Lecithin 

Isolated from Anchovy (Engraulis Japonica) Residues Deoiled by Supercritical Carbon 

Dioxide and Organic Solvent Extraction, J Food Sci 77, C773 (2012). 

53. P. C. Sanchez, Microorganisms and Technology of Philippine Fermented Foods, 

Japanese Journal of Lactic Acid Bacteria 10, 19 (1999). 

54. O. K. Koo, S. J. Lee, K. R. Chung, D. J. Jang, H. J. Yang, and D. Y. Kwon, Korean 

Traditional Fermented Fish Products: Jeotgal, Journal of Ethnic Foods 3, 107 (2016). 

55. I. N. B. M. Khairi, N. Huda, W. N. W. Abdullah, and A. F. M. Al-Karkhi, Protein 

Quality of Fish Fermented Product: Budu and Rusip, Asia Pacific Journal of Sustainable 

Agriculture Food and Energy 2, 17 (2014). 

56. T. Aung et al., Associations of Omega-3 Fatty Acid Supplement Use With 

Cardiovascular Disease Risks, JAMA Cardiol 3, 225 (2018). 

57. Y. Narzary, S. Das, A. K. Goyal, S. S. Lam, H. Sarma, and D. Sharma, Fermented Fish 

Products in South and Southeast Asian Cuisine: Indigenous Technology Processes, 

Nutrient Composition, and Cultural Significance, Journal of Ethnic Foods 8, 33 (2021). 

58. Y. Aquerreta, I. Astiasarán, A. Mohino, and J. Bello, Composition of Pâtés Elaborated 

with Mackerel Flesh (Scomber Scombrus) and Tuna Liver (Thunnus Thynnus): 

Comparison with Commercial Fish Pâtés, Food Chem 77, 147 (2002). 

59. T. Ohshima and A. Giri, FERMENTED FOODS | Traditional Fish Fermentation 

Technology and Recent Developments, in Encyclopedia of Food Microbiology 

(Elsevier, 2014), pp. 852–869. 

60. J. H. Choi, K.-T. Kim, and S. M. Kim, Biofunctional Properties of Enzymatic Squid 

Meat Hydrolysate, Prev Nutr Food Sci 20, 67 (2015). 

61. H. P and J. S, Fermented Shrimp Products as Source of Umami in Southeast Asia, J 

Nutr Food Sci 01, 1 (2012). 

62. J. Han, T. Kong, Q. Wang, J. Jiang, Q. Zhou, P. Li, B. Zhu, and Q. Gu, Regulation of 

Microbial Metabolism on the Formation of Characteristic Flavor and Quality Formation 

 

  

      

, 01007 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20249601007 96
2nd UICAT 2023

10



in the Traditional Fish Sauce during Fermentation: A Review, Crit Rev Food Sci Nutr 

63, 7564 (2023). 

63. Y. Lu, J. N. Teo, and S. Q. Liu, Fermented Shellfish Condiments: A Comprehensive 

Review, Compr Rev Food Sci Food Saf 21, 4447 (2022). 

64. C. J. Zhao, A. Schieber, and M. G. Gänzle, Formation of Taste-Active Amino Acids, 

Amino Acid Derivatives and Peptides in Food Fermentations – A Review, Food 

Research International 89, 39 (2016). 

65. E. C. Y. Li‐Chan and I. W. Y. Cheung, Flavor‐Active Properties of Amino Acids, 

Peptides, and Proteins, in Bioactive Proteins and Peptides as Functional Foods and 

Nutraceuticals (Wiley, 2010), pp. 341–358. 

66. I. Hartley, D. Liem, and R. Keast, Umami as an ‘Alimentary’ Taste. A New Perspective 

on Taste Classification, Nutrients 11, 182 (2019). 

67. S. Pal Choudhuri, R. J. Delay, and E. R. Delay, L-Amino Acids Elicit Diverse Response 

Patterns in Taste Sensory Cells: A Role for Multiple Receptors, PLoS One 10, e0130088 

(2015). 

68. T. Delompré, E. Guichard, L. Briand, and C. Salles, Taste Perception of Nutrients 

Found in Nutritional Supplements: A Review, Nutrients 11, 2050 (2019). 

69. R. Domínguez, P. E. Munekata, R. Agregán, and J. M. Lorenzo, Effect of Commercial 

Starter Cultures on Free Amino Acid, Biogenic Amine and Free Fatty Acid Contents in 

Dry-Cured Foal Sausage, LWT - Food Science and Technology 71, 47 (2016). 

70. Liu, Xia, Wang, and Chen, Identification of the Non-Volatile Taste-Active Components 

in Crab Sauce, Foods 8, 324 (2019). 

 

  

      

, 01007 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20249601007 96
2nd UICAT 2023

11




