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Abstract

Microbial fermentation is increasingly recognized not only as a traditional
food-preservation method, but also as a core driver of culinary innovation that
contributes unique flavors, aromas, and health benefits. Historically, fermentation
improved food shelf-life, nutritional value, and sensory quality. however, recent scientific
evidence has revealed that fermentative microorganisms can modulate the gut
microbiome, interact with the immune system, and contribute to human health. This
expanded understanding has positioned fermented foods as a high-value industrial sector
with significant economic and functional potential. As such, advancing microbial
fermentation research is essential for reimagining food value, promoting human health,
and designing resilient and sustainable future food ecosystems.
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W (fermentation)= 71¥4 7,0008 458 €84 7 i AH3st 7lex g4 9o
(Taveira er al, 2021), Z7|°l= AE2] HE/Y T} 553 ] oI5 9%t 484 7ez &4
Hurk g 501, $7E ARE, FHFE ARo|TeRe-E(sauerkrau = ARAA A7|7t HEo]
7FsdliFlon, o= QEERE Wof| o] 27|71A] S WRAIE] Bilo] A7 A AT st
tHSawant et al, 2025).

Ua= St os F 7R £8 WA Ho==t] AUAR Yotk oA das =2 &
uiQl Jao] Ofgh, A=A Abk glo] ZE=gF T2 §7] BAE Eofolo] oft i ARIRHATP) S
RABRe ouA] A HiA A2E oJulstKTaveira er al, 2021). FHAR A& A1 Y& F3H4]
oA n)BE] WESHE EA(biological activity)o] QJ&Esto] A1&9] Zu|e} QJ#he HSIA]7] T,
o|ZH AR s dAlok= AESHE Wik biotransformation) ICItHLy er al. 2021).
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HO| S0 w ofsfe} Ati7]&o] WAgtel whef,
ZEARI Atid HHAlof| A Hloju BAIE iR Aset
A FA Aotk (Praveen and Brogi, 2025). U]A8E2
o B4 Estal Ao oJEARI ofu|icAl, AL BdhE
AL AZE AEAI7H, o= AEHoE URAREY JFH 714
£ =02 YJY¥ YAKantinutrient factor)g 7Y 7|54
sRIEZ AHste dl 2HFo=E 7]tk Sawant er al,
2025).
FZolli= Q1A HielA&Hol&(microbiome) A7 SEEiAH
A, HadlEo] gl vE AeiA A= 378A T 1=
Qs HAl A% 57 A37E &4 WA T K Pihelgas er al,
2025; Valentino et al, 2024; Park and Mannaa, 2025). AIA]|
& AT Oujfe}l AE 107719 HRARE HEo] w2

Agio] A HFE S 0|3 4B ABS WETK: UL
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Tgstel HeHA 9] & FES WUATHWastyk er al, 2021). &3,
AH[RREO| A A7) $842 o] UAISHHA ZEHlo]EA
7b FReE AEe] digt =871 S7kska Qi ol A Al
AP 8= Sk 8 5EolH, o]t ¥k Filol= 4
At (lactic acid bacteria, LAB), &H(yeast), &5°](mold)2}
2 da uliEo] QtkMurata et al, 2025; Yan et al,
2024 Sittisart et al, 2024). A& ¥tao] &= nPEE
2 ©<e5] AR HrkElE BT ofe, AEe] BdtE, o
A, A Bofotal A2 542 FAste] 1 S SEHC
2 ML= Aolgls BESH Fcell factory)olth. o] 2 A
BAES AF9 I, ¢4, FHIE Hol e A7 7HA| Holst

o] A% ARe] deithele wHETL Q7]o] & oA A% At
QoA LS 9 B A% B4 Hsle] ST A A%
oflo] gl ©s olsti S,

ASE LIS OIWEQ 715X A&

T M=o| MH| 0|88 S0 U HHY OIXt ZA

ugE s AEe] ety P 2EAoR WakA 9
7K1 A7 SAel AL Z, of B BaE 99
g wlg=Eo] Apilo] 74l TRt BAE 0}83] Qlzlo] 2

3lop7] of#R IEA YA AEA FHIE Eofote] FL4s
YA ol8-E(bioavailability =011, A4 =0 EAfl= &
I RS AAAZ|H(Table 1), 41F AR JF & Z=2njd
< 7WAdske AL, o]z nEe] B thgRy ildS T
I FEi= Eoffoks ZPgolA Yeiu: @Itk Liu er al, 2024).
5], Tl JieEsiE Bof B4R ARE feeln
(bioactive peptides)®] F&o| Tt ZcKBhattacharjee er
al, 2025). v[AEo] gAksl= Tl A7 f=Ee] B4 (protease)s
Tl o] 7R E E4lot, ol Qs F Y, FAS, T
e BE Zol= TRt 24 41 7152 71 Heo|=vt
AE. olgA AF/8E HepolE= Al A nEL, A A
7 719 AdsAgo A F4AQ0 92 eHDong er al, 2025;
Hamadou, 2025; Singh er al, 2025).

ole} oA, I=Eolv FFoll EAck= EAKphytic acid)x} 2=

Al ok

Table 1. Functional classification and key metabolic mechanisms of food fermentation

Functional class Microbial action

Key products

Significance Reference

Enhancement of

bioavailabilty Proteolysis, lipolysis

Bioactive peptide,
amino acid, organic acid

Liu et al., 2024,
Bhattacharjee et al., 2025,
Dong et al., 2025,
Hamadou, 2025,
Singh et al., 2025,

Li et al., 2023.

Improving nutrient absorption,
reduction of antinutritional factors,
functional food development

Heterolactic
metabolism

Sensory improvement
(taste/flavor)

Lactic acid, acetic acid,
esther, aldehyde, ketone

Akpoghelie et al., 2025,
Okoye et al., 2025,
Aguirre-Garcia et al., 2024,
Khubber et al., 2022,
Terefe et al., 2022.

Sour and umami taste,
aroma formation,
ensuring quality consistency

Exopolysaccharide and

Texture variations CO, production O,

Exopolysaccharide,

Increasing the viscosity of dairy
products (creaminess),
the bloating of bread,
softening of vegetable ingredients

Sawant et al., 2025, Praveen
and Brogi, 2025.
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FIY A= 4, o, 2 T L g 2ot A &
5 WefoAet, R oA rBES ol FIY AAE
a0 g Fefsto] AA U nUEe] BAol8ES IA F
AAZIEHDong er al, 2025). ESH wHat 7|1&0 9 A2
FEALE THEolW|E skt Ry oE R fANY BRE
vl BBy, G4 5)L shA5H, QO] A& dlgAlZo] ot
E(natto)¥] 79, Bacillus subtilis’} BIEF K, & T=F AJAJs1o
B 24743 AEE 270l 71oloks AoR A UTHLi er al,
2023). wEhA AT EE vYE A B 22 244 UE
Ui ohgtt 7he2sl 249 fARE daEsl] St S8 s
A B (bioprospecting)?] BHo g H7hEC),

W7V\}° *""30}‘11 131 7]4‘1‘53 AlE -4 pHE 3473 ¥F+=
A Bl M S sk A 0= UTA Utk RAEd
A19] pH Aoh= tiF-E9] Fulid} AlSs<s sk HeA v
£0] 4] ol BESIAL F4l8H7] ofF7]ol AE9] kA
StHo] 247 qQlo=g 85 Akpoghelie er al, 2025).
E3h I ZAR2 v 2] 2 Al(bacteriocin)ol 2t 2= WA &
o Peo| =5 A Aatsh7| = gkt YAl(nisin)o|Y E3tete)4
(plantaricin)@} 22 g 2] QAL tholst HYAXA Al#o] A3
AAlstaL AlEe] HuE X AXA 75 713 Q2 7SI she
< gls} BEA QolE AZo] FANL k2 T kojRl dshe
Sk Z0E A ok E3h AE ‘Hoﬂ AT & Ue AE
Sa 30| H40 T2 =4 245 EofstAU siERo] gl
5 HhEo] AE S APV LE}. 71 A9l o7t 7t
ApH(cassava)Q] AlFeHE o] HRE B9l FofsiAls o=
& A UtHOkoye et al, 2025; Aguirre-Garcia et al., 2024;
Khubber et al., 2022; Terefe et al, 2022).

2

HaE AE9 FF 7HREE ofbgt miEHQl g, A2 S|t
AR Fofolo] #54 F4S I} sHKTable 1). o= WHao]
Hojsh= uAEo] tiat 2y

oA TEOTUE SEE TSR] §
1 7}x01- Z a3l 740] _|_|_7]/\]—£ 71i]
te, 43S oAHE SRlE>
oIy} mzo] EES gt S A Sawant et al, 2025).
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Hou 739 712 AT T @ o] opn|iAto 2 Ry
A Q27 Hug@ AR 72 He A
< A7 B2 Eafoh AT olAkEErA(COy) 7HAd 9
o Aog dA Qi QFEE A|F A ZAikto] AAtshs 4
EdAFIElo]E(exopolysaccharides)= STL2EE 5351 Tt
S0l Ane A7 # 5]'13](Sawant et al., 2025; Praveen
and Brogi, 2025). o|AE WHo| Hoidl= vYES 247 ‘er
”ﬁ-cﬂ Ao} oot Ha —1-74 O}Eﬂoﬂfﬂ A= fIet HiAL &
5ol ThefRt HelolAe 54 F82 wolH, o= A *ﬂzﬂx—q‘

o FE2 AY E4 “a*i*ﬁ‘%ol Ak olrol7|= St

D= Laet Qx| B0 et

AL 00|35 =HI0[Z2| =X}

A} AF ARdolA] 5o SEE]= nlgEe] TR Tilo] lﬁ‘oﬁl
iAol A7 S olgk= A= 717} Qe Table 2). o= &
< AE 7= "ol Hh&oﬂ Tofole et 1 EH/\V‘PEO]

QA9 5 A-gst Aol vX= 384 Bt HeHo R A
HEo] YA HA TRARL 7154 AR AR A 3%
o Wgo| E{EE= nYEES AU vle|A =4l 2R}
24 93 k1 k= Aol 8 A1 9K Valentino er al,
2024; Caffrey er al, 2025).

QA Aoll= 4 £ 719 UWEO] A Al5h shel At A
EiA, & “dU vle]aZ2HlolE & F55h=t, o] FHAY +F2
28}, tiAL WY 5 A 17 Aol B2 FFe m|AH HR A
Zo o] gL THHoE 2P st 2cto = okEA 9t
(Caffrey e al, 2024). T3t HHEAIES F535] A5ord A vlAy
£ 749 tFgol 7ot vln=RteelHbifidobacterium)l
U SESMIEA(Zactobacillu)®t 22 5252 HEO] =oIA|
+ W, fofete] A2 dA|El= Aol B2 A4S B9l A
At Wastyk er al, 2021; Caffrey et al., 2024; Louw et al,
2023; Balasubramanian et al, 2024).

E35] HaAEL Aolol= Rl E2Hlo] 8 A(probiotics)
o} ] F2lte] o7} Ei= ‘ZeEjulo] Q¥ A(prebiotics) & B4

Fole 7497 B2 ' IPgolA AdE SRl W3

O] e ZojHe] REIAR AR5k A0 UTA Ut oA

IZHPo| QEIACL najulo| QEIATL QWA EAS= AR Al
H}Oli‘a(synblotlc) ofgh F2r, o= A7k wE HFfchs AR
o § & AUA] 25 U3isie] AU 24 St o= JjAsHE
Zo] &HA tHSwanson er al, 2020; Parhi et al, 2024).

ol it 2
| 1> uol'
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Table 2. Summary of the health-related effects associated major microbes for food fermentation

Health-relevant effects Major microbes

Key metabolites References

Balances gut microbiota,
modulates gut microbiota,
enhances gut barrier integrity

Bifidobacterium, Lactobacillus

Wastyk et al., 2021,

Caffrey et al., 2024,

Louw et al., 2023,
Balasubramanian et al., 2024.

Lactic acid, peptides

Lactobacillus, Leuconostoc,
Lactococcus

Boosts immunity,
immune modulation

Liu et al., 2025,
Sharma et al., 2025,
Duhan et al., 2025,
Zheng et al., 2020.

SCFAs, bioactive peptides

Inhibits pathogens,

supports gut motility, Leuconostoc, Lactobacillus,

Du et al., 2024,
Ragavan and Hemalatha, 2024,
Mandaliya et al., 2025,

SCFAs, bacteriocins,
organic acids,

improves lipid metabolism Bifidobacterium bioactive peptides Peres Fabbri et al. 2024,
Chourasia et al., 2023.
. L . Pourjafar et al., 2023,
Cardiovascular benefits, Bacillus Polyglutamic acid, nattokinase, Hemandez-Figueroa et al,, 2025,

gut flora modulation

vitamin Kj Sadeghi et al., 2024.

OIF| B% AlABITIO| ASEI
NEo) wae] AHE TEES QA B9 ALY 4
2§ Fo) A A%l Jlofele JoEE PeAn Unt

(Wastyk er al, 2021). UA "ML oF 70%= Aol JF=lo]
9lo] & 77k By} WAL Aoz o}gqxﬂ glom Al u
7] Fofole mBES AU Hlo|AEHol5Z Bl | AlAH
¥} 71GstA At WY A fAel "—]1"?475.‘5 qg= gt
(Wastyk er al, 2021). 53], A% Tad] &84 vi=
AMEEZ A HuRS Gdske AlZE Ale]9] 23S EE5H 519
‘A 71%5{(gut barrier integrity) & 73S} 24 Qo) E4o|
Hedto] ERE MFoke AZ e 1A Hold 92 ske A2
2 UK HDmytriv er al, 2024).
Sk AE R AR vPIES A HIA|ZSQ] TAIEZS} BAIE
A3 A=slo] HY ¥k A5l 740] Hegi=d, = &9
EX mavlo] Q€ A= PA|(IgA) S Xt Hut WS A
9} 1, 248 THIRZS] 242 =5t JJ'E?_} I35 v
Aog d#A qlon olet 4522 e ARyt ofy
E} Y =7], A7PAEe 2 HAA ExFF 0= QIR FehE
Wfok= HE 7199 4= Qe Aol ERIFHLiu er al, 2025
Sharma et al,, 2025; Duhan et al, 2025; Zheng et al.,, 2020).
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FFl

m it

ol

A HZO| JIXIe} MRANBT Wit 3
HEHOE WHNFY A7 olBS Holgl Leto] 9810

71RIRH AL AR, 2T 22 AolA = M2 B AAst
7% SF=t, At Ao Aokl o] fle URAEelH:
A7o] A&l g3k ujA 2= Qlrk= Ao Z 3l YAIA|F oA

IS ETHBS) SAEOIA AwtotA] g A= -EQt
ARt ARJARRES 217 HFoHA o 21}, F OF ZFRolA
2t tiH] 34 243 a3 fARHA YedtNielsen er al,
2018). ol= & FAolA AAdE DA H4Kshort-chain fatty
acids, SCFAs), HlEto|=, E8]8ls 5 orUst A EA(EA
Exlo|QEA) JA7F HHH 0 R A% T4 EE UERd 4= 9L
22 AMAShkE 202 ol fadt Hifo] 41 At HRAE
A 7S AR7belA WEE S83% A7 "o

ol AEHEEL Aol #it WA A fF 715S
S8l ‘EAEHR] QE Apostbiotics) 7HEY] 7+ olET
(Liang and Xing, 2023; Kumar et al, 2024). 1 7]5°] & &

7 AHIEE 5 2 7] sl AnEH AWHAE R
112 2, Aolag7t A vlage] e 2ad v F2 44
L ol4glo| E(acetate), 21 QUH|o|E(propionate), FE]H0]
E(butyrate)= W FTAEY £ of|AUCE AREE|o] &
272 Aot @RE FEo] A4l g5 24dsta, @9 ¢
A A ALE 7RAdsHH, A& 2o Folsh= Aol HEHTHDu
et al., 2024; Ragavan and Hemalatha, 2024; Mandaliya et
al, 2025). FHAE AFej2 Heo|=9] B8, S-fit o o

o] g IHollA ZafEE gt 7152 7% A2 HEol=

Curr. Top. Lact. Acid Bact. Probiotics 2025;11(2):86-92 | 89



i
;"C‘ 3
Hi
£/

S
KSLABP.

-

ot N
oo

70| A== ole2 Y Aol AL I+, WY 2E

oFst AE] E44S UEhY daEfu HEag AES 9 A
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