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INTRODUCTION 

 

Fish and fish-based products are excellent sources of 

polyunsaturated fatty acids, essential minerals, and 

vitamins. Aquatic animal foods contributed at least 20% 

of the per capita animal protein supply for approximate-

ly 3.2 billion people worldwide, underscoring their criti-

cal role in global nutrition and food security (FAO, 

2024). 

Fermented food was likely one of the first food con-

sumed by humans, and fermentation could only occur 

in the presence of microbes. Fermentation word came 

from the Latin word "Fermentum," which means 

"boiling." It is a chemical digesting process that con-
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verts organic chemicals into simpler compounds 

(Zaman et al., 2022). Fermentation is an ancient pro-

cess used to make and preserve food (Soibam et al., 

2018), enriching and increasing food safety since the 

dawn of civilization. Preparing traditional fermented 

foods is one of the world's oldest biotechnological tech-

niques (Roopashri et al., 2023). It opens up a wide 

range of opportunities for improving food's nutritional 

and functional characteristics. It slipped out of favor as 

food processing processes improved. Fortunately, it is 

increasingly gaining popularity because of its health 

benefits. Fermentation is an intrinsic process that has 

an unavoidable impact on the global human food sup-

ply, and fermented foods are widely accepted world-

wide because they result from the interaction between 

people and their microbial environment (Tanasupawat 

& Visessanguan, 2014).  

Fermented foods have been an important contribution 

to diets as fermentation improves nutritional value, en-

hances sensory qualities, and is a cost-effective tech-

nology (Marco et al., 2017). Traditionally, all fermented 

fish products were prepared based on empirical 

knowledge, without understanding the microbes' in-

volvement before the advent of modern microbiology 

(Zang et al., 2020). Tamang (2009) describes ethnic, 

fermented foods as food items produced by indigenous 

communities using their traditional knowledge and lo-

cally sourced plant or animal materials. These foods 

are naturally altered or processed with the addition of 

microorganism-containing starter cultures to create cul-

turally and socially accepted edible products with new 

flavors and enhanced nutrients. Fermentation occurs 

when microbes modify specific dietary components to 

produce a drastically altered end product suita-

ble for ingestion by humans (Kumari et al., 2022). Food 

fermentation involves altering food through various bac-

teria, fungi, and the enzymes they generate (Katz, 

2012).  

Fermentation utilizes microbial metabolic processes to 

partially oxidize carbohydrates and other nutrients, re-

sulting in various products such as alcohols, acids, ami-

no acids, metabolites, antibiotics, and a small amount 

of energy (Tavman et al., 2019). Microorganisms enzy-

matically alter fermented foods and beverages to en-

hance taste and aroma for human preference (Patel et 

al., 2023), improve food palatability, and create new 

variations of foods (Rodgers, 2008).Fermented foods 

provide numerous advantages, including a distinctive 

taste, aroma, and texture. They also have an extended 

shelf life compared to the raw ingredients used in their 

preparation (Tavman et al., 2019). Additionally, fermen-

tation increases the concentration of secondary metab-

olites and bioactive compounds, contributing to the 

food's antimicrobial and antioxidant properties 

(Vijayendra & Halami, 2015). Additionally, fermented 

food products support the maintenance of a healthy gut 

microbiota that plays a key role in protecting against 

various illnesses and maintaining physiological balance 

(Rawat et al., 2018). The microorganisms involved in 

fermentation are probiotic in nature; thus, they offer 

health benefits to consumers and are essential for 

maintaining a healthy gut microbiota (Melini et al., 

2022) 

Northeast India covers approximately 8% of the total 

geographical area of India and is home to around 40 

million individuals, or roughly 3.1% of India's total popu-

lation. The tribes in this region primarily rely on agricul-

tural cultivation, particularly 'Jhum or shifting' cultiva-

tion, to grow cereals, vegetables, and fruits (TERI, 

2022). This area is known for its diverse physiography, 

including hills, valleys, plains, and mountains. Ferment-

ed foods and beverages have been traditionally pro-

duced and consumed within local markets in Northeast 

India. The climatic conditions also affect the fermented 

food product because of the region's tropical, subtropi-

cal, and temperate climates (E-Pao, 2025). 

 

FERMENTED FISH OF ASIAN COUNTRIES 

Although fermented fish has historical roots in Europe 

and North Africa, contemporary production is predomi-

nantly led by Southeast and East Asian countries. No-

tably, fermented fish is a distinct culinary speciality of 

Southeast Asia, differing significantly from fish products 

prepared in other regions. One of the key distinctions 

lies in the fermentation period; in Southeast Asia, the 

process typically spans several months or even years, 

depending on the type of fish, which is considerably 

longer than the fermentation durations practiced else-

where (Han et al., 2024; Li et al., 2023). Native microbi-

al flora plays a significant role in producing volatile fla-

vor compounds in fermented fish. Several studies have 

shown that the ability of bacteria to produce enzymes 

like amylases, proteases, and lipases is linked to their 

role in flavor development. For instance, Virgibacillus 

sp. and Staphylococcus sp. strains used as starter cul-

tures have been shown to improve the profile of desira-

ble volatile compounds in fish sauce (Udomsil et al., 

2022). Additionally, lactic acid bacteria can convert 

peptides and oligopeptides into flavor precursors due to 

their high intracellular amino peptidase activity 

(Kouakou-Kouamé et al., 2023). According to (Han et 

al., 2024), Tetragenococcus halophilus plays a signifi-

cant part in enhancing the flavor profile of fish sauce by 

generating various volatile compounds such as 2-

methylpropanal, 2-methylbutanal, 3-methylbutanal, and 

benzaldehyde. Yeasts also contribute significantly to 

flavor development due to their strong lipolytic and pro-

teolytic capabilities, and their application as starter cul-

tures has been linked to the production of low-salt fish 

sauce with improved sensory properties (Ma et al., 

2022). 

Asian markets offer various fermented fish products, 
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such as whole fish, fish pieces, sauces, pastes, and 

more. Asians have traditionally made fermented fish 

sauces, and the practice is gaining traction on interna-

tional markets every year. These sauces are referred to 

by a variety of names in various countries throughout 

the world. In the Philippines, Patis (Elegado et al., 

2016); Nampla (Daroonpunt et al., 2016) in Thailand; 

Budu (Ahmad 2014) in Malaysia; Bakasang (Fatimah et 

al., 2017) in Indonesia; and Yu-lin (Wang et al., 2018) 

in China. Fermented fish products from different Asian 

countries are mentioned in Table 1. 

These products generally employ comparable basic mat

erials, production techniques, and finished compositions.  

Fish sauce is typically made with just two key ingredi-

ents: fish and salt, often in a 3-5:1 ratio. However, 

some varieties may also include additional herbs and 

spices. General-

ly speaking, halophilic bacterial cultures are crucial to c

reating these sauces.  

Fish sauces are highly nutritious, usually containing all 

essential amino acids, vitamins, and minerals. Howev-

er, their nutritional value may be a concern due to their 

high salt content, especially when consumed alongside 

other salty foods (Ibrahim et al., 2022) 

 In addition to fish sauces, a range of fermented fish 

products can be found in Southeast Asia. Plaa-som, a 

fermented fish food, and suan yu, an ancient Chinese 

fermented fish product, both appear in Thai cuisine. 

Pekasam is a Malaysian fermented whole fish product. 

Shidal is a fermented food made from salt-free fish, 

particularly from species like punti (Puntius sophore) 

and phasa (Setipinna phasa). Hukuti maas is a well-

known dish in Northeast India. 

 

IMPORTANCE OF MICROORGANISMS IN FISH  

FERMENTATION 

Microorganisms play a crucial role in the fermentation 

process of fish, significantly impacting its quality and 

taste. Lactic acid bacteria (LAB), such as Lactobacillus, 

Tetragenococcus, and Weissella, are instrumental in 

breaking down proteins and lipids, leading to the for-

mation of flavor compounds like aldehydes and ketones 

(Han et al., 2023). These metabolites enhance the sen-

sory characteristics of fermented fish products, includ-

ing aroma and umami taste (Han et al., 2023). Also, 

LAB and related microbes produce antimicrobial sub-

stances such as organic acids, hydrogen peroxide, and 

bacteriocins, inhibiting the growth of pathogens like E. 

coli and Listeria monocytogenes (Cortés et al., 2024. 

This contributes to the microbiological safety and 

preservation of fermented fish (Cai et al., 2024). Fur-

thermore, microbial populations vary with fermentation 

parameters such as salt concentration, fermentation 

time, and starter culture usage (Zhao et al., 2022). 

Controlled fermentation using selected LAB strains im-

proves consistency, flavor, and safety compared to 

spontaneous fermentation (Abdulkhair et al., 2023). 

Antimicrobial compounds produced by microorganisms 

during the fermentation process significantly contribute 

to the stability and quality of fish products, alongside 

the characteristics of the raw materials used. Com-

pounds such as organic acids, ethanol, hydrogen per-

oxide, and bacteriocins are crucial in inhibiting or inacti-

vating spoilage and pathogenic microorganisms 

(Bhattacharya et al., 2022). Organic acids like lactic 

acid, acetic acid, and propanoic acid create an acidic 

environment that inhibits the growth of acid-sensitive 

spoilage microorganisms (Chittora et al., 2022). In fer-

mented fish products, acetic acid has been found to be 

particularly effective in suppressing the growth of 

yeasts, molds, and bacteria compared to lactic acid 

(Chittora et al., 2022). Additionally, lactic acid bacteria 

(LAB) produce hydrogen peroxide during fermentation, 

contributing to antimicrobial activity (Bhattacharya et 

al., 2022). The effectiveness of hydrogen peroxide in 

killing bacteria depends on its concentration and envi-

ronmental factors like pH and temperature 

(Bhattacharya et al., 2022). Bacteriocins, peptides or 

proteins with antimicrobial activity produced by various 

lactic acid bacetria (LAB), have been isolated from dif-

ferent fermented fish products. For instance, Lactococ-

cus lactis strains have been identified as producers of 

bacteriocins with potential applications in the biopreser-

vation of fish products (Marlida et al., 2023). 

The flavor plays a significant role in determining the 

quality of fermented fish and is a key factor in consum-

er purchasing choices. During fermentation, microbial 

communities have been noted to decompose proteins, 

lipids, and carbohydrates, forming alcohols, aldehydes, 

volatile fatty acids, and amino acids. The distinctive 

taste of fermented fish is primarily due to the equilibri-

um of microbial byproducts (Han et al., 2024; Li et al., 

2023). Native microbial flora plays a significant role in 

producing volatile flavor compounds in fermented fish. 

Several studies have shown that the ability of bacteria 

to produce enzymes like amylases, proteases, and 

lipases is linked to their role in flavor development. For 

instance, Virgibacillus sp. and Staphylococcus sp. 

strains used as starter cultures have been shown to 

improve the profile of desirable volatile compounds in 

fish sauce (Udomsil et al., 2022). Additionally, lactic 

acid bacteria can convert peptides and oligopeptides 

into flavor precursors due to their high intracellular ami-

no peptidase activity (Kouakou-Kouamé et al., 2023). 

According to Han et al. (2024), Tetragenococcus hal-

ophilus plays a significant part in enhancing the flavor 

profile of fish sauce by generating various volatile com-

pounds such as 2-methylpropanal, 2-methylbutanal, 3-

methylbutanal, and benzaldehyde. Yeasts also contrib-

ute significantly to flavor development due to their 

strong lipolytic and proteolytic capabilities, and their 

application as starter cultures has been linked to the 
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production of low-salt fish sauce with improved sensory 

properties (Ma et al., 2022). 

 

HEALTH BENEFITS OF FERMENTED FISH  

PRODUCTS 

Fermentation has long been a traditional method for 

preserving fresh fish. It now also produces various nu-

tritious components with improved bioavailability in 

many cases. Je et al. (2005) and (Elegado et al., 2016) 

report that the active compounds are primarily generat-

ed from the extensive breakdown of proteins during 

fermentation. These chemicals have been connected to 

numerous advantageous biological features (Je et al., 

2005; Elegado et al., 2016). 

Fish are rich in essential fatty acids, particularly linoleic 

and alpha-linolenic acids (Tewari et al., 2022). Due to 

their unique sensory characteristics and nutritional ad-

vantages, fermented fish and other aquatic products 

are highly sought after globally (Ruddle & Ishige, 2010) 

Fermenting fish enhances its organoleptic properties 

and increases the absorption of minerals in the product 

(Şanlier et al., 2019). Compared to fresh fish, ferment-

ed fish has lower levels of fatty acids (Freije et al., 

2020). Fermented fish oil is rich in EPA 

(Eicosapentaenoic acid) and DHA (Docosahexaenoic 

acid). According to (Han et al., 2012), fermented fish oil 

containing DHA may offer relief from symptoms associ-

ated with atopic dermatitis. 

 

Antioxidant activity 

Natural antioxidants and vital minerals abound in fer-

mented fish products, contributing significantly to hu-

man health (Liu et al., 2024). Recent studies have iden-

tified bioactive peptides derived from fermented fish 

that exhibit potent antioxidant properties, effectively 

scavenging free radicals and reducing oxidative stress 

(Jin et al., 2022). These peptides have demonstrated a 

range of biological activities, including immunomodula-

tory, antihypertensive, antimicrobial, and anticancer 

effects, largely influenced by their specific amino acid 

sequences (Jin et al., 2022). For instance, through en-

zymatic hydrolysis, fermentation processes involving 

lactic acid bacteria have been shown to enhance the 

production of antioxidant peptides in fish products, such 

as Labeo rohita head sauce (Kanwate et al., 2024). 

Additionally, comparative analyses of traditional Japa-

nese condiments like shoyu (soy sauce) and gyoshoyu 

(fish sauce) have revealed significant antioxidant activi-

ties, attributed to their rich peptide content (Liu et al., 

2024). These antioxidants are crucial in neutralizing 

reactive oxygen species, thereby playing a vital role in 

mitigating aging processes and reducing the risk of 

cancer development (Jin et al., 2022). 

Fermented fish products are increasingly recognized as 

valuable sources of natural antioxidants and essential 

nutrients, significantly contributing to human health (Liu 

et al., 2024). Recent studies have demonstrated that 

small peptides generated during fermentation exhibit 

robust free radical-scavenging activities, such as hy-

droxyl and DPPH radical elimination (Chaijan et al., 

2022). These bioactive peptides, influenced by specific 

amino acid sequences, show diverse biological proper-

ties, including antioxidant, antihypertensive, antimicro-

bial, immunomodulatory, and anticancer effects 

(Gaikwad et al., 2021). For example, traditional fer-

mented fish products like Loma have shown promise as 

functional food ingredients to help manage chronic ill-

nesses associated with oxidative stress. Similarly, Shi-

dal, a naturally fermented product, has been highlight-

ed as a rich source of natural antioxidants and nutri-

ents, particularly when processed using optimized en-

zymatic hydrolysis and lactic acid bacteria fermentation 

(Kanwate et al., 2024). 

A recent study on fermented Labeo rohita head sauce 

revealed that antioxidant activity significantly increased 

after 180 days of storage at 37°C compared to enzyme-

treated samples, indicating that fermentation contrib-

utes to peptide enrichment (Kanwate et al., 2024). Fur-

thermore, hydrophobic amino acids produced during 

fermentation enhanced the free radical-scavenging 

capacity of fish hydrolysates (Liu et al., 2024). Compar-

ative evaluations of traditional Asian condiments such 

as shoyu (soy sauce) and gyoshoyu (fish sauce) have 

similarly confirmed their high antioxidant activities, pri-

marily due to their dense bioactive peptide content 

(Bashir et al., 2020). These antioxidants are crucial in 

Fig. 1. Health Benefit of fermented fish products 
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neutralizing reactive oxygen species (ROS), which are 

closely linked to the onset of cancer and accelerated 

aging (Gaikwad et al., 2021). 

 

Antihypertensive activity  

Peptides with significant antihypertensive effects can 

be found in fermented fish. Fermented fish can poten-

tially have antihypertensive effects due to the abun-

dance of peptides produced during manufacturing that 

show ACE inhibitory activity (Sørensen et al., 2004; 

Itou and Akahane, 2004; Itou et al., 2006). According to 

research, oligopeptides from "Katsuobushi," a tradition-

al Japanese dish prepared from dried bonito, have 

shown promise in controlling blood pressure success-

fully without endangering human health (Fujita et al., 

2001; Ma et al., 2022). Dried bonito is also acknowl-

edged as a dietary supplement that might support the 

recuperation process after exertion. Additionally, stud-

ies have shown that narezushi, which is made by fer-

menting salted mackerel with boiling rice, has antihy-

pertensive properties. (Khositanon et al., 2021; Tamura 

et al., 2022). 

 

Anticancer activity  

Peptide fractions derived from fermented fish products 

have demonstrated potential anticancer properties. For 

instance, peptides obtained from fish bone fermented 

with Monascus purpureus have been shown to induce 

apoptosis and autophagy in human colorectal cancer 

cells, suggesting a possible preventive effect against 

certain types of cancer (Chen et al., 2023). Additionally, 

fermented fish products such as bekasam, an Indone-

sian fermented fish, have exhibited strong antiprolifera-

tive effects against various cancer cell lines, indicating 

their potential as anti-carcinogenic agents (Setiarto et 

al., 2024). Furthermore, fish sauces produced from 

Pacific whiting have been recognized for their high con-

centrations of glutamic acid and peptides, contributing 

to their nutritional value and potential use in commer-

cial dietary supplements (Kim et al., 2023). 

 

Anticoagulant and fibrinolytic activity  

Anticoagulants and antiplatelet medications have tradi-

tionally been used to prevent blood clot formation. Cer-

tain seafood condiments contain various active com-

pounds that effectively inhibit fibrin clotting, offering 

potential alternatives to synthetic drugs (Shao et al., 

2023). These active substances work by preventing 

fibrinogen from being affected by thrombin, thereby 

inhibiting the formation of blood clots (Ortizo et al., 

2023). With molecular weights ranging from 1 to 5 kDa, 

such compounds show promise for oral administration 

to prevent thrombotic diseases (Baraiya et al., 2024). 

Fibrinolytic enzymes that break down fibrin and fibrino-

gen have also been identified in fermented small cypri-

nid fish (Gu et al., 2023). Despite the proposed health 

benefits of fermented fish, further investigation—

particularly involving clinical studies—is required to 

validate these effects in human populations (Daza-

Rodríguez et al., 2023). Research indicates that fer-

mented fish can generate polysaccharides and bioac-

tive metabolites such as lactoferrin and flavonoids from 

simple substrates during fermentation (Chaudhary et 

al., 2023). These bioactive peptides function as antioxi-

dant enzyme complex (ACE) inhibitors and antioxidants 

and exhibit antiproliferative properties against human lym-

phoma cells (Shao et al., 2023; Baraiya et al., 2024). 

 

Future prospects 

Globally, the demand for fermented fish has surged in 

the past few years. Many novel methods for studying 

bacteria during fermentation have been developed to 

understand microbial ecological groups better. Howev-

er, most studies on microbes have been descriptive, 

focusing mainly on identifying microflora. 

Next-generation sequencing (NGS) or high-throughput 

sequencing (HTS) can identify the whole microbial 

community of fermented fish. Through the analysis of 

microorganisms' nucleic acid sequences and their com-

parison with sequence data stored in databases, these 

methods reveal information about the identity and pos-

sible uses of many additional microbes. Since the ma-

jority of the taxonomy has been defined, the focus of 

the current study has changed from taxonomy to func-

tion. An improved comprehension of the microbiota of 

fermented fish is being obtained by examining distinct 

bacterial strains within a species and proteins pro-

duced. 

How microbial metabolites control flavor production is 

still unknown. Traditional fermented fish products have 

a long production history, but only a few methods have 

been commercialized globally. Further research is 

needed to understand the impact of microbes on the 

quality of fermented fish. Additionally, assessing the 

safety and nutritional value of these products is essen-

tial. As demand for fermented products grows in do-

mestic and international markets, gaining a deeper un-

derstanding of these processes becomes increasingly 

important. 
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