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Abstract

Fermentation has long been utilized as a preservation method that improves the safety, longevity, and overall nutritional and
sensory quality of food items such as fish. In numerous Asian regions, fermented fish products are deeply embedded in culinary
traditions and contribute significantly to local food industries. The fermentation process relies on specific microbial populations
that drive biochemical changes, enhancing flavor and preservation while producing compounds with potential health-promoting
effects. This review presents a current assessment of fermented fish varieties found throughout Asia, focusing on traditional
preparation methods, dominant microbial species, and regional practices. It also examines the bioactive properties associated
with these products, including their potential to exhibit anticancer, antimicrobial, antihypertensive, and anticoagulant activities.
Emphasis is placed on the functional role of fermentation-associated bacteria in developing these health benefits. Additionally,
this article outlines research priorities and underscores the necessity of in vivo experiments and toxicity evaluations to ensure
safety before clinical or dietary use. Continued investigation in this area holds promise for advancing human nutrition and well-
ness and expanding innovation within the food processing sector.

Keywords: Bioactive compounds, Fermented fish, Functional foods, Microorganisms, Traditional fermentation

INTRODUCTION 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-

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-
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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-
niqgues (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 ¢
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

679



Bordoloi, R. et al. / J. Appl. & Nat. Sci. 17(2), 677 - 689 (2025)

luiw o *(€Z0z ‘e Jo ueyd) sp!
-OB oulwe JO Spuy Juaiayip XIS sule}

IUIW O 'SIO
-sidipioe snjjioeqojor pue SISUSPJOWSIOA SN|jId

9011 PaX 000 ‘}|es
‘lelexoew gnyo ‘|giexoew

uedep -uod pue Hd mo| e sey jonpoud 8yl -eqojoe] apnjoul swsiueblooloiw paliuspl ay SUJUON £ 0} ¢ 8sloy ‘diedo uerpni IysnzaieN
(syejusLio
ep/eS) 0)Juoq |ejuaLio
‘(piezey) y) eun) ojebii
‘(leyoo. sixny) [eiexoew
(0zZoz “fe jo eyndsnd) ojebuy ‘(siue 'g) eun)
"8)eipAyoqgied %09°L pue ‘Use %0l v o uieises  ‘(siwejed
9l %08y ‘ulloud %GZ'Ly ‘ein) snuomnsjey] 10 siwejod
uedep -slIoWw %Gz gy uleuod jonpoid ayjl wnpoun3 ‘snjjibiedsy SUIUON ¢ 0} €  snuuAying) yoeldys  1ysngonsiey
‘D0JSOU0ONdT ‘WnuBjoBRqOIBH ‘WNL
(€10Z /e 19 wy) Alules %{'gg pue -ajoeqone|{ ‘wWnusjoeqinelg ‘snjjioeg  ‘Usjoeq ds sejApow
‘yse %z'Lz ‘pidil apnio 9L ‘uld)  -owouyay ‘sisdojnio] ‘seafwoieydoes ‘euisies Jeakauoaq -wy Jo / pue (Anoyoue)
uealoy| -oid 8pnio 9,9'Z| ‘alnsiow %8G  ‘Sn22020jAyde)s ‘seuowopnesd ‘snoo0oosolyy  Kep Jo SUjuo ¢ snojuodef sineJbuzg |ebjosr
(610Z “18 12 pOWYY) "Use %l 1°02Z Jes ‘1eb
pue ‘laqy 8pnid 9%// 'y ‘le} apnio -ulb ‘ejusinose eises0j0n
%/J6°€l ‘udloid apnid 9% LG L ‘@in) Jo wals ¢ sanes| usalb
eipu| -SIoW %gL°0l ulejuod s|dwes ayjl sijoe| “dss sijoe| SN2202030e7 syuon gL ‘(queq ojai1 “dds snipung) 1oy)NH
(eLoz e 3
Busz) gL' pue sg'v usemieq s Hd
%1°8G 0} %6°gS J0 abues ainisiow ‘snuejuswijeied ‘00}sou
JOMO| ‘%622 O} %Z /L JO JUSU0D -00n87 ‘snaoesojusd Sna2090Ipad ‘wniejuerd -7 Jebns pue jjes ‘aou
BUIYD uigjold Jaybiy e suiejuoo jonpoid 8y ‘Jewoue ejnussuerH ‘eeiSINgeied S8oAW0IBY20eS shkeq 09 0} ¢ pajseol ‘(oidiea snuudA9) nA ueng
‘(zzoz ‘e 1@ yied-eddneAund) ds snjjioeg pue‘ds snaaooojAyde)s ‘si
pIoe 21j0B| 9|gB}08)}ep OU PUB ‘€' G—C'f  -AdJq SNj[19BqOojoRT ‘OBISIN8I8I SNJ2020Ipad ‘SIA 21|
J0 abues Hd e 1.} 9%,02'€—12°0 ‘@IN} -0q Sn22020}das}S ‘eLeqio ejjasSiep) ‘eesirnieb -1eb pue 9801 pajioq ‘dnuis
-SIoW  9%Z/°/9-2'29 ‘udloid opnid  S$n2o020joeT  ‘wnjuswligl  SnjjioeqojoeT  ‘wnd wied ‘es ‘(asoydos sniy
puejieyl %¥6°81—80°9L Sulejuod sjdwes ayl -ejueld snjjoeqojoe] ‘sneoesojusd SN22090Ipad sAke@ z101g -und a1 ysi Jayemysald) wos-ee|d
(zzoz “Ie Jo 1UEYY) "Sejelp
-Ayoqied %G'0-0 ‘s|eseull %G L-z'| (9ones ysy)
18} %S1-2’0 ‘ulejoid %lz-9l ‘ain) ‘peoysyeus  ‘(snojuodef
BUIYD -SI0W 9% 18-99 sulejuod sjdwes ayl JUBIS|OJO|EH PUB ISESA ‘gV] SYIUON 9  synesbuz) SaIA0YOUY nI-nA
wnuojebaw g pue
SIwIojIUBYal| SnjjIoeg ‘snatad snjjioeg ‘suejnoalio
snjioeg (1.2oz ‘e 1@ Imn4) “ds snasoaoifydels
‘(zzoz ‘’Ie j@ yied-eddneAung pue synpqns snjoeg ‘snjiyd -ojey snoosooousb
‘020z /e jo Buez) ;9 0} ¢'G Jjo abues -enoy (Lzoz ‘e jo AtezieN)ds euioses‘-ds sno
Hd e sey pue ‘pioe 210B| 9%ZE'0 -20200)daJiS “ds wnusjoeqojeH “ds snjoeg “ds jes
18} 9%,08°0 ‘@Jnisiow %9z z¢ ‘uidlodd  Sno2020Iped ““ds snooooouoly “dS wnusyoeq ‘dds usbyjjespsiy dds snu
puejieyyl apnio %z9p suiejuod sidwes syl -aulion ‘““ds seuowop-nas4 “ds snjjoeqojoe] SUIUOW Z1L0Y G -1yurn dds snioydejojs ejd-wepN
awn
ajels uonisodwo9d jJuanN pasn saqoudi uoljejuawIay |ela)ew mey aweN

S8lUN0) UeIsSY JO s1onpold ysiy pejusuiie | ajqel

680



Bordoloi, R. et al. / J. Appl. & Nat. Sci. 17(2), 677 - 689 (2025)

puejiey |

puejiey

elsauopu|

puejey

BIsauopu|

eisAeepy

ysope|bueg

(vioeg

“le 1o emednseue]) 69 0} |’ wou}
Buibues Hd e sey pue ‘pioe 2nog|
%0°Z—G0 ‘Jebns oAUl (IO} %EL O}
aoel} ‘|0BN %6'€Z-G Ll ‘Use %0'8Z
=Gl ‘4aqly %9'G O} d%el} 1B} %Ee'9
0} 99el} ‘udjold %g 0Z—6"/ ‘@injsiow
%€'89-6'8Z SUIEJUOD jonposd 8yl
(Y102 “'/e }o emednseue] )

€' 0} 6°¢ Jo obues Hd e pue ‘%g¢—
L"| JO JUSUOD pIok JNJ.| ‘%Y 6—¢ € JO
S|9A9] (IDBN) 8pUOIYd WNIPos ‘%Z'Z|
—1°G JO JUBJUOD USE ‘%@’ | 0} Sjunowe
aoeJl} WoJ) Jagly ‘%8Z-6'0 UdaM)
-8Q JUSU0D 1B} ‘%z ¥L—8'9 woy Bul
-Bueu jusjuoo udloud ‘9%z €/—/09 JO
Jusjuod ainjsiow e sey jonpoid ayl

"(¥20z e Jo ehing) uisjoud

%/LL°0L pue ‘yse %/-'g¢z ‘ainjsiow
%279°99 sapn[oul :O_”__wOQEOo ayl
"(0zoz ‘e

Jo Ylueweq) g/ jo Hd e sey pue }jes
%96 pue ‘uejoid %Shey ‘ein)
-Slow %0861 Sulejuod m_QEmw ayl
‘(Y202

“le 18 eAing) gzg'¥ 10 Hd e pue ‘uis]
-0id %EZ'9L ‘USe %EP'Z) ‘Sinisiow
%9/°69 Ssapnoul uonisodwod ay|
"(L20z “1e jo AiezieN)

8/-¢/. 10 abuel IQ e pue ,co.__
%20°0 ‘WNIded %4'e—0'C 18} %92~
'] ‘@inisiow %0p—/2 ‘uisloid apnid
%0%—1'8¢ Sepnjoul uojIsodwod a8y L
€'/ o Hd

B pue ‘Jes %8¢'Gg ‘usloid %9y Ly
hm.:dm_OE %0891 sey m_QEmw Jayjo
-ue ‘Ajleuonippy (zzoz “fe jo ueyy)
%9z bBuleq 1Mey payes Aip sy ul
Jusjuoo yse isaybly sy} yum ‘%G Ge
0] 9%99'G, wol sabues j1onpoid
paup 8y} JO JusjuUod alnjsiow 8yl

(v1oz
“le }6 emednseue ] ) siIsuspuejiey) e||assIop pue
‘sijeoee) SN9209048)UT ‘SIUILWIIDIB) SN|j10BqO}oE]
‘siosidipioe  snjjioeqojoe  ‘snjiydojey Sn22090
-usbelja] apnjoul paynuapl swsiuebiooloiw ay |

‘(Y1L0zZ ‘e jo emednseue] )
sulel)s  9eISINeJD  s8dAwoieydoeS  yim
Buole ‘suejusuigjiosid snao020jAydels pue ‘s
-ujwioley snjproeqojoe ‘wniejueld snjioeqoyoe]
‘snsojued snjjoeqojoe]  ‘snjydojey  SnN22090
-usbesja] apnjoul payiuapl swsiuebilooloiw ay |

‘(ozoz “1e
Jo aluei||) wnjeuou wnijioiusd pue ‘snjebiwiny
snjbiadsy ‘wniequey wniuodsopel) ‘saloads
snjiroeg epnjoul swsiuebiooloiw payuspl oyl

‘(¥L0Z e jo uony)d) sN22020

-usbesjpy pue ‘snooooojfydels  ‘wnipLISoD
‘snjjroeg apn|oul swsiueblooldiw paliusp! syl
‘Shaine sna2020jAydels

pue ‘susbuuped wnipLisoln ‘snaied snjjioeg
‘oeooelg)oeqOio)UT  ‘eudoeq  Bujwioj-aiods
-Opud apnjoul swsiuebiooioiw paynueapl ayl
‘wnuejoeqaukion pue

‘snaine sn22020jAyde}s ‘snated snjjioeqg ‘wnue;}
-0BQOAB|{ ‘WNLI8)oBQIASIG ‘WNIPLISO[D ‘BUINIES
‘SN22020.2IY\ ‘snjjioeqojoe] ‘Sn22020Ipad
‘snjjroeg apnjoul swsiuebloololw paliusp! syl

‘lydAjesed
gjjouoweS pue ‘iydA} ejeuowies ‘eeisjoyd
0LQIA opnjoul swsiueBioololw paypuspl 8yl

SYIUO 0L 03 9

skeg G o) ¢

SYIUO 21 03} ¥

SUIUOW Z

shkeg 201 ¢

uonelnp paxiy oN

ske@ 0l 03 /

(EE
-en|) -ds usjseboyoliy
‘(ueid-ey) snjouojuob
snjund  ‘(10S) snjiey20}

-dsj snqueqoiqe] ‘(3oxe})
‘ds sAypyoIjI8Y20j2£9
‘(uioyo) snjeus euueyd
‘(los) “ds snjiey20ssoi))

‘olueb
pue ‘yes ‘eou pajseol
punolf6  ‘dwuys |lews

JO S]SISUOD ainxiw 8yJ

"(020Z “[e Jo 8lueA||)
("ds xuesen) >oel pue
‘(‘ds ejeuIpieS) Ssaulp
-iles ‘(ds snyjeubora)
ysyhuod ‘(‘ds eadnjn)
Buluay ‘(*ds snioydsjo;s)
Anoyoue epnjpoul  pauon
-usw ysl suuew oyl

(suebina sejaay) sdwys

pazis-lews  Jo (UM

e
-Bns pue jes yum dwuys
yses  ‘ews  Buxiw

Aq apew si aysed dwuys

‘dwiys pisAw Jo saloads
sajooy 8y} wouy Ajeol
-J10ads ‘dwlys ||lews wouy
opew si 9sed dwuys

‘dwuys pis
-Aw pue sealoads sajoay
Buipnoul ‘ysi ysesy wouy
opew s| 9)sed dwuys

ele|d

woyo-buny

uey deoay

1dey

%0[eoUID

ueoejeg

iddeN

pod °L a|qel

681



Bordoloi, R. et al. / J. Appl. & Nat. Sci. 17(2), 677 - 689 (2025)

saulddijiyd

saulddijiud

elsauopu|

BIsauopu|

elAejeyba|y
Jo Ajunwwod
s8quy ejpuier
pue eiseyy|
sauiddyiyd
pue Ajjunw
-woo Ijebueg

‘puejebeN
pue ‘ysepeld
[eyoeuny ‘el

-ndu] ‘wessy

andiuepy

"%0°C¢—<L'0
woJ) Buibues (pioe onoe| se) Ajpioe
d|qejesyl} pue ‘%|'0—€0°'0 Usamiaq
S|oA8| (pioe Onl@oe SB) ploe 9|ije|oA
‘0g'e—2G’/ Jo abues Hd e sey sd
-wes ay} (9102) e je buewe] pue
(6661) 18 39 ZIHONVS 0} Buipioddy
%¥8°0 :JUBJUOD PIOE OO %G8'G :Hd

%01°9¢ -8pLOJYyd Wnipos

%1&"0 :uaboujiu eluowwy

%1€} :usbouu jowlod %9Z'Z
:usbouyiu [ejo] :sieyeweled Buimoj|ol
ay) sapnjoul (9102) e jo Buewe]
pue (6661) /e }@ ZaIHONVS Aq pa
-uodal se ‘uonisodwoo s,aidwes ayl

(v2oz

“le jo efing) 1G9 0} Ge'9 woy
Buibuel Hd e sey pue ‘yse 9%,9/°G ‘1e}
%GZ'¥L ‘aimsiow %G6'99 ‘ulejoid
apnIo %8y suleuod ajdwes oyl
‘(9102 ‘e Jo unxzog) 15°9 0}

G¢'9 jo abues Hd e pue ‘yse %9y—cE
18} %8¢ ‘ainisiow %gl-Z) ‘ulsjoid
apnIo 9%@EQ'GZ suleluod ajdwes ayj

"(020z ‘e Jo slueA||) 1e) %8¢°Z pue
‘uislold %zZZvE ‘Use %/6'th ‘ainy
-Slow 9%%1°/9 sulejuod O_QEmw ayl

‘(110z “fe jo epued)
¥'G Jo Hd e sey pue ‘jes %G|
h_m‘._suﬁw_oc._ nxuvm sulejuod m_QEmw ayl

"%cCS"LE 0} %y Ee
woyy Bulbues jusUOO  ainisiow
e pue ‘z’9—-1'9 jo Hd e sey ‘ujoid
%GE'8€—¢'/Z Sulejuod sjdwes a8yl

"(Z10z “Ie jo 1peppezny) usb
-o1)lu 8seq S|lejoA (810} %Pw G8'66
pue ‘usbouyiu uidjoid-uou 9Ll ‘99
Jo Hd e ‘(pioe 219]|0 se) pioe Ajey 9al)
%9°6€ ‘USe %018 18} 9pnId %0L L)
‘uigjodd  epnIo  9,08°'zG  ‘eJnisiowl
%6°0Z Sepnjoul  uopisodwod 8yl

‘wnueyueld
SnjjIoeqojoe] pue ‘eeisinelad elydld ‘Seplota)
-ussal D0}SoU0oNdT dpN[oUl saldads |elqoloiw
paynuep! 8yl (£10z) ‘Je 1o Aeeueg o} buipioooy

(910Z “fe Je Buew

-e| ‘666l /e }o ZIHONVS) Snooooojfyde;s
1o saioads pue sueuea yy ‘snasol p ‘Seusbod

-|00 SN22020JIW ‘SILLIOJUBYDY g BIyM SIGNS
‘g pue wnusjebaw g ‘sueinbeos ‘g 1o [896|
“le 1o 0||Q] wnuejue|d snjjioeqOOET] ‘SOPIOIBIUD
-S8lW 90}SoU02Na7 “ds SN22020Ipad “ds snjjioeg

'SN22020})d3a}S pue ‘sNv2090|
-Aydejs ‘seuowiopnasd ‘spioooooug ‘ejjexelopy
‘snjjroeqojoe] ‘SN22020.40Ip\ sjoeqosaiuy
sapnoul swsiuebioololw s|qejieAe Jo 1Sl ayl

‘Juasald Jou aiem WnipLISolD pue ‘oo ‘g
‘ouqIA ‘ejjsuowieS SlIUm ‘Isel} sy} ul pajosiap
alom Snsjoi4 pue ‘snjoeg  ‘snoooaojfyde)s

"(#00z ‘e jo edeyl)
seoAwWwoieyooes pue ‘epipued ‘snaine Sna2090|

-Aydejs ‘snaied snjjioeg ‘snoooootoly ‘snjiwnd
snjjoeg epnjoul paynuspl swsiuebloololw 8y

"(010z ‘nsegq pue tepwnlepy) pay
-JuUapl aiem sal0ads snjioeg pue SnNa2090.40IN

(z10Z “'[e 3o 1pEPPEZN|N) )OO T “dS SN
-jroeg “ds sn22020421yy ‘snaine sn22090jAyde)s

"(#00z ‘e jo edeyl)
sipgns  snyoeg  pue  ‘snjiydojAwe  snjjioeq

-0JoB7 ‘Snsojoniy snjjloeqoor ‘Wnjose) snaooo
-0J9)ug 8pnoul paynuspl swsiuebioosiw 8yl

ske@ 010} /

SYIUO 10} €

S)O9M\A 8

Buiwny paxiy oN

sheq 10} ¥

YJuoN 9 03 ¥

syjuow

XIS 0} Ino4

sAed 0z 01 G

wbiom dwuys
dy} uo pseseq %0z) ¥es
Buippe ‘(‘ds wniyoeiqou
-oey\ 1o snoipul snaeusd

‘ds sn

-19)de28( pue ejeLquily ef
-jouipies “ds snioyds|ojs
"20u Ayons pue

901l payood yum Buoje
‘(‘uur7 oidied  snuudA)

dieo uowwoo Al
-[eouoads ‘ysiy Jayemysal)
apnjpoul spusipalbul 8y

dwys ysai4

.Qw
olueg pue -ds snjpund

eysij| esojnua |

asoydos snpund

S0Z|YlI0J08LW BISRIO|Y

pue snouuep SNWOST

ejeq -oejeg

Buoobeg

weseyagq

Isel]

dejbun]

ByS!|| BUOT

[epiys

yejusH

pod °L a|qel

682



Bordoloi, R. et al. / J. Appl. & Nat. Sci. 17(2), 677 - 689 (2025)

puejieyL

eishelepy

els
-Aejep\ pue
puejiey]

BIsauopu|

ueder

JewueAp

KA
—1"f Jo abuel Hd e yum ‘pioe oioe| %G|
—Z'l PUe 10BN %6°'€-9°€ ‘USe %L V¥
4aql %0°1—L'0 1B} %8 01 9d%eq) ‘uls}
-old %G'81—-6'Gl ‘@inisiow %g'9/—'29
suleuo9 jonpoid ay ‘(y10z) uenbuessa
-SIA pue lemednseue] 0} Buiploooy

"L'9—G'¢ Jo abues Hd e sey
pue ‘yse %p|-9 ‘pIOE OIOB| % 0-L'0
18} %0°'8-0'€ ‘aInsiow %g/—/G ‘ulsjoid
apnIo 9Gz—G| suleuod ojdwes 8y

‘G'9—'G Jo abuel

Hd e pue ‘%6'0—'0 Jo Ajpioe ue yum
‘Use %2'€2-9°LZ ‘4eql %' 0-20 ‘el
apnId %g°L—¢’L ‘ulejoid 8pnId %z'el
-2l ‘eimsiow  %Z'09-Gv SUIEjuod
a|dwes ay} ‘(zzoz) /e 19 yed-eddneAu
-nd pue (020z) ‘Je je Buez o} buipiodoy
‘(84) uoui Bw "¢ pue ‘(4) snioyd

-soyd Bw 91¢ (eD) wniojed Bw /| ‘1e
6 ¢ ‘uisjoud 6 gz ‘ainisiow 6 9§ :SMO||0}
se ale sioyoweled ay ‘sdwes 6 QL
e ul ‘(yzoz) e 1@ eling 0} Buiploody
‘Jw oQ}/Bw

0.1—29¢ wol; sabues (NgA) usbouyu
olseq 9|l}e|joA pue ‘jw 00}/Bw 865L—L0E
s1 uaboujiu |e10] 8y "9G°'G—yS' 10 abuel
Hd B yum ‘}es %p'0g—¢ 9z suleyuoo od
-wes 8y} (zz0oz) /e 1@ e o} buipiodoy

‘pues 9%,G0 pue hcmm %G¥'¢ ,m_cOEEm
881} %/1°0 ‘1OBN %S6°LE 18} %8 ‘uIs)
-oid %6 Ly ‘@inisiow 9%9'/ suleluod a|d
-wes a8y} ‘(£002) ‘e Jo oA 0} Buipiodoy

‘SIjeosey
$N22000.J8JUT pue ‘sneoesojuad SN20020IPad ‘SINeIq SN|jID
-eqojoe] ‘1exes snjjoeqopre ‘wniejueld snjjjoeqojoe] ‘sns
-ojuad snj1oeqojoET BpNoUl payusp! swsiueblooloiw ey |

'soonoeld Bulpuey Jadosdwi 0}
anp Ajoy||| ‘sueoyujuep eLs}sI] pue ‘Luawiysiem eLejsr] ‘usbi
-|@8s eLB]SIT ‘endouul BuUB]SIT ‘IAOUBAI BLB]SIT UM pajeu
-lWeluod S| wesexad [e|oJawwod Jey) pajeanal aaey salpnis

‘ds sn22020jAyde;}s pue ds snjjioeqojoe ‘ds
wnusjoeqaufion pue “ds snodooojfydels ds sna20204oIpy
“ds wnue) -oeqojeH ‘“ds ebeydojfn “ds wnusjoeqore/
“ds usjoeqojauidy (6002 ‘e 1@ uanA) ejeiqelb epipued pue

8eISINGI89 S8oAW
-0JeY20BS ‘eejjale sn22020jAyde}s ‘wniejueid snjjioeqojoe]

ds

wnuejoeqeufion pue “ds snoosooojfyde}s “ds sn2202049
- “ds wnusjoeqoje “ds ebeydojfn ““ds wnusjoeqone|4
“ds 48j0BqOJOUIOY SBPN|OUl paniuapl swsiuebloosiw ay]
‘IDBN %0Z Ul pajoslap alem Sna20903deljS

pue ‘eeaoeUOLIQIA ‘WNLIBIORQOJBH ‘SN22020[eH 3lIUMm ‘|DEN
%SG°Z UJIM SJUSWUOIIAUS Ul PUNO} SI8M SnjjIoeg pue ‘Sndodod
-0)daJ)S ‘wnusjoeqauAio) ‘snoaoaoudlyy ‘siseak olydojey
pue jueis|ojoley ‘'ds wnus}oeqojeH ‘SUEPLIA SN22000J8Y Se
yons saloads |eiqosoiw (910g) /e je buewe] 0} Buiplodoy
(9102 “1e J8 1yseAeqoy)

suejuswiig) wniqgoJeeuele  ‘wnu  -njoq  WnIpLSolD
‘nsuss wnIpLISo|D ‘snojjeunw sndoooousbeljs]  ‘suejusi
-18) wnjqoseeueel ‘snojeunw snodooousbess]  ‘Sipiw
-iapida sno2020jAyde)s ‘snjiydojey snooooousbelja] (00g
“le }1@ OAW) Sipiw -iapide sno2020jAyde}S pue Su8IS8l
-leW ejjelleS ‘SUsdsalon)j SBUOWOPhaSd ‘winuejoeqojdad)s
‘snjioeqojoe]  “ds  ejyuny  ‘luuewyoy  wnugyoeqaukion
‘synqns snjjioeg ‘snjiydouwliayjoiea)s snjjioeg ‘snonjusyjojued
snjoeg ‘sueissoew snjoeg ‘smug| snjjoeg ‘sniodsolsje|
snjoeg ‘snuuyy snjpoeg ‘exAwAjod snjoeg ‘sueinaio snj
-j1oeg ‘snaiad snjjioeg ‘SiAeiq snjjioeg ‘snipeq snjjioeg ‘[oAje
snjjioeg ‘sijeose) sausbiealy ‘susio

-gJonbi| seuowosay aie ulAwH ul punoj uonendod |eusjoeyg

skegq g ol ¢

skeq g ol ¢

SO
ZL o ¢

SUJUOW
€ o ¢

SUJUO 9

SUJUO
zZ10) g

‘snisjdojou snuejdoj
-ON 1o eeuyos sn
-ig)dojoN  ‘sejedoto
-lw euueyd apnoul
sopads  ysy 8yl

‘paziyn osje

s ysy auuew ybnoy}
‘pasn Ajuowwod ale
Jes pue ‘pulewe)
‘ysy Ja)emysal
eo

-Ipul ejjainoyouy pue
‘lluosJawiioo ejle
-Inoyouy “ds ejjauip
-les “ds seploadn|
‘snoipul snioyds|o}s
ysl Jeyem yspoeuq
10 J9)em eag apnjoul

soads ysy oyl

(sm
-08|bau uabijjaijsey)
[21930B\ s

|eusjew med se pasn
sapads  ysy oyl

yes ‘dwuys wns
-sodo ‘Anoyouy aue
uonesedaid oy pasn
leusjew  Mes  ayl

uonesedaid 1o} pasn
|leusjew  mes 8y}
ale dwuys pue ysi4

Jej-wos

weseyad

npng

yepad

ninspoys

idebN

..... puoyd ' s|qel

683



Bordoloi, R. et al. / J. Appl. & Nat. Sci. 17(2), 677 - 689 (2025)

Antioxidant activity
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Antihypertensive activity

Fermented fish
products

Anti-cancer activity

l

Anticoagulant and fibrinolytic activity

Fig. 1. Health Benefit of fermented fish products

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
(Sanlier 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

684



Bordoloi, R. et al. / J. Appl. & Nat. Sci. 17(2), 677 - 689 (2025)

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 (Serensen 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-
Rodriguez 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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