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ABSTRACT

The application of postbiotics in aquafeeds has attracted increasing attention as a
functional feed additive with the potential to improve production efficiency and support the
sustainability of aquaculture. This article aims to synthesize current knowledge on the
mechanisms of action of postbiotics, their effects on health and production performance,
relevant influencing factors, and future trends and limitations in their application. The literature
review indicates that postbiotics are preparations of inanimate microorganisms and/or their
components that confer a health benefit on the host. These preparations can modulate the
intestinal microbiota, inhibit pathogenic microorganisms, stimulate immune responses through
pattern recognition receptors (PRRs) and cytokine pathways, reduce inflammation, and enhance
nutrient digestion and absorption. These effects can contribute to improved growth
performance, feed utilization efficiency, survival, and resistance to diseases and environmental
stress. The supplementation of postbiotics in economically important aquaculture species,
including Nile tilapia, catfish, carp, and whiteleg shrimp, shows considerable potential for
improving growth, immune function, and intestinal health. However, their efficacy depends on
the cultured species, type and dosage of postbiotics, and environmental conditions. Several
challenges remain, particularly regarding product standardization, long-term safety, stability, and
production costs. Future research is expected to focus on integrating postbiotics with precision
aquaculture, functional aquafeeds, Al-based feed formulation, and the circular bioeconomy to
enhance production efficiency, reduce antibiotic use, and minimize environmental impacts.
Therefore, postbiotics have strong potential to become an important component of modern
aquaculture, contributing to sustainable food security, economic development, and

environmental sustainability.
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Jymnsnegnvendonelsa (Antimicrobial resistance) saudennsanAnwosanslunanandnitn 4a
Wulseidiumumnuasnfoevisuazaawinasuiile Suanuaulaluszsuaina (Goh et al, 2022:
Tao et al,, 2024; Sumon et al., 2025) a'qmasi,viyl.ﬁmﬂﬁﬁwmLLu’mwmnLﬁaﬂﬁLﬁuﬁmﬁG{a?nLLamgau
1niu Tngtamenisluansiadudiug Biological feed additives) lusmsdnith

wnAnasiEsuTugluemsdnit lawn Insluleding (Probiotics) wilulefing (Prebiotics)
Fululefing (Synbiotics) wazlnanlulefing (Postbiotics) lasuarwaulafistussmeiiies esni
unumddglunisuivaunagdunisludila luasessuunfiquiy wasfiuuszAnsannis
Wiauiulnvasdnain (Goh et al, 2022; Wisastra et al, 2025) Ingiawizagnsds “Inanlulefing” 3
mnefeniswionadunienlufidiauas miemulsenevvesqdunisfiamaineguainvedlean Loy
2anUsEneuveLwaaLardIuUTENaUYeeHT LA ﬁﬁ’ﬂaquﬂumiéqLa'%uqmmwéfm’;ifﬂmalﬁﬁyaq
ﬁquﬁum%ﬁ%% (Salminen et al,, 2021; Goh et al,, 2022) 14§} answunuelan 1wy nsABUNSE
Wilng wazuuamesledu enailuesauszneunieansoongnifiienvesiuravesinanlulefind ua
ansuunvelaniiissesnadenludeidulnaniulefnamudeusnan venaint nanlulefnadfive
1GTLU'§8UGTmmmmﬁagq anvesAnAuNSL AU LLagammmﬁmmﬂmim?{ammawmﬁ;auw%é
Tuanmuanaeunsiass (Tao et al, 2024; Wisastra et al,, 2025) uAduarandimisiui nanlule
aﬂémmmﬂhaLﬁmﬂﬁzﬁwﬁmwmnﬁwﬁﬂm 1588801 mﬁv‘hmusummulsuﬁqﬁéuﬁ’u LAYAY
Aumuneidenelsaludnitnaisuin V'igqﬂamaxﬂja Snedaiunuanlunisanwanssnuidsaune
%dLLmayaum&Js[,uizuumiaﬂ’uﬁuuﬂssﬁw%mwmawwumsmwL?ﬁuﬁm (Sumon et al., 2025; Wisastra
et al,, 2025) 5&5@LﬁuLmeqﬁ'aamayaaﬁ’ULLmﬁmmiwaLa“ymél’m{ﬂfméwébﬁu (Sustainable
aquaculture) uiagiunaumumuieatunisUssgnaleinanlulefndludnniosnwolies Tng
Tao et al. (2024) wunsUszgnalainanlulafnaiduasiaiuemsossdaiy vaed Wisastra et al.
(2025) AspUARNANTATNTIUEMAEnay Taun n3lulefnd Inslulefind Sululefind Inanlulefing
wazmnsluledng uas Thakur et al (2025) wulnslulednauasinanlulofing sudwedinenisive
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uaz/v3earulseneuvesqauniofiamainoguninveslaan (inactivated microorganisms and/or
microbial components) #giAsanunsnasmaRnelaniauLUsEINAUNIEHTAn (Salminen et al.,
2021) Tuv3unveInIswnIsidsedn Iwaélviaﬁﬂéqﬂé’mLﬁuaﬁl,a%mwm%wﬁwﬁ (Functional
feed additives) ﬁﬁwmwlumﬂa%ma;wqﬁéuf"fu AANITONLAY LLasﬂ%’uauqaﬁﬁum%ﬁuéﬂgmaﬁﬁmﬁ
1 Snvadireasvasiiaveinislslnslulefnaiddin wu arwlietosnoaninuinaeunisiasiuas
AsAusAYI (Goh et al,, 2022; Tao et al., 2024; Wisastra et al., 2025) TusgauaIna uwuIANUDS
Tnaslulodnalniauegradusyuuaindin “paraprobiotics” ag “non-viable probiotics” lﬂé
ﬂﬁaULLmﬁﬂﬁ'maUﬂquﬁgaL%aéqﬁuw'%'E;ﬁilu'mmmﬁ%’imLLasmﬁﬂixﬂaUL%q%amwﬁmm 1ng
International Scientific Association for Probiotics and Prebiotics (ISAPP) T 131 181/ 0 A213177
postbiotics A “preparation of inanimate microorganisms and/or their components that confer
a health benefit on the host” (Salminen et al., 2021) S‘E‘J'!qagvi”aumimﬁ'sJur:humﬂm{Lﬂiyaﬁuw’?éﬁ
%”3mlﬂgjmﬂ%mﬁamwﬁﬁmmLaﬁaiqqLLazmuau@mmwlvﬁuﬁﬂﬂ’h vl enAselurned 2020-2025
gelnstuunumiidsduveddwanlulefing lussuunmamneidssdanihiysannslseuffusues
ﬂ’@uméiswmsmémﬁé"ﬁumnsﬁu (Goh et al., 2022)

mﬂmsﬁdmiwﬁadﬁmmg‘wuiw Iwaé;"l,uiaaﬂéﬁﬁﬂamwlugmmmmﬁmqn (High stability)
ANUUaeAsiEgs (Safety) LLazﬂavLﬂmsaaﬂqwéLmeﬁ (Direct bioactivity) Foilvannsonouausme
S¥UUassINEesdnIuilaesesanuaziUssAnd aaw faru Iwaﬁiuiaﬁﬂéﬁqgﬂﬁmagﬂuﬂéu
functional bioactive feed additives ﬁﬁﬁjﬂﬁlﬂw\@w}laﬂ’liﬂ‘iz‘&gﬂGﬁ‘lﬁﬁﬁgﬁﬂ’]ﬂﬂiimwwLgﬁlx‘iéjﬁléﬁ’]@ﬁ
daiu Tasimeszuunmsnaniiysannslss1ufiaue mugtumaiiussansamnisudariludfmg

\iTegNakardsInaeNegdy

¢ ; . .y
nalnnnseangniveslnanlulafnaludnaun
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aweslodu wavaulsznavtestiasadqdunis Ssanansnassanoszuuaisinemosdnidilalagly
nos01REALNTENTIn (Salminen et al, 2021; Tao et al, 2024) nalnddaus uannIsUsuauna
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(Goh et al,, 2022) SUilJSLaﬁﬁﬁugﬁﬁUWUWWIUﬂﬁgUéjdL%@ﬁaiiﬂiﬂ&lmidﬂi’mﬂ’]iﬁ’laﬂﬁL?JEWE@JL%@E; n13
wwetuug Wil gninnz LLasﬂﬁé’U*E?nﬂﬁLﬁfgmmLﬂ?}uar{a‘[ﬁﬂﬁﬁﬁ“ﬁg WU Vibrio spp. Wag Aeromonas
spp. Sﬁdwulﬁuﬂaaiuél’mﬁﬂf'ILﬂwgﬁﬂ uaﬂmﬂwmmﬁm@%uw‘%éu&] Tnanlulefnadfunumdrdayse
Swuqﬁﬂ?uﬁumadé’méﬁw Iﬂsmsw?u innate immunity wagluvanduievesiu adaptive immunity
mumivi’wmwuawuaéqﬁﬁfuﬁ’u 1wy macrophage Wag lymphocyte lutan sumzﬁ'ffnmﬁ’a innate
immunity uag hemocytes iundn Tnsasausznovanadusaagdunievimuiiusuuuuluanadi
Fuwustuldenelsa (Pathogen-Associated Molecular Patterns; PAMPs) ﬁ'ﬂizﬂyuﬁ’ﬁ%{gmmv
(Pattern Recognition Receptors; PRRs) dwalvifinnsiiufanssuves lysozyme, complement
system uag phagocytosis (Tao et al., 2024) 5ﬂ‘17?ﬂéluﬂsljl’JEJaﬂﬂ’]iéJﬂLﬂUNI’IUﬂﬁﬂ’JU@MmSLL?IGNE]E]ﬂleEN
cytokines L% U tumor necrosis factor-alpha (TNF-QU) wag interleukin-1 beta (IL-1[3) WS oLy
cytokines TiAAUANSSILEU 1Y interleukin-10 (IL-10) Hun5USy signaling pathways 11 nuclear
factor kappa B (NF-KB) pathway (Salminen et al., 2021) Tuwaizierfudefindneainnisaiy
ounadasylaunizs uouledglesoonlenaainna (Superoxide Dismutase; SOD), AzATLad
(Catalase; CAT) LLazﬂqmﬂﬁIauma%aaﬂ%ma (Glutathione Peroxidase; GPx) \iloan oxidative stress
sauﬁqLﬁuﬂisﬁwﬁmwmﬁéasJaWﬂﬁw"]uﬂ15mw?ul,aulszjﬁéaaamm,l,asmi%’ﬂmmmamuizﬁmm
Taseasnamaine s dwalnsnsinsiasuemsiduiie (Feed Conversion Ratio; FCR) Aduuay
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mw%uqa%wmﬂu%wma mu@ﬁ’um'ﬁammié’ﬂLauimﬂmimuvﬂu cytokines LAYATHASLTYUUAY
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(Goh et al,, 2022; Tao et al,, 2024) lununisiasaiivln wuailnaslulefndvoiiugnsinis
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Figure 1 Mechanisms of action of postbiotics

Source: Author's illustration based on Goh et al. (2022) and Tao et al. (2024)
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LLasLﬁmauimﬁﬁTwuawaﬁaiz 19y SOD uay CAT i?NﬁﬁLﬁ%MQﬁ?}?ﬂJﬁULLaZé’UgdL%@f{aiiﬂiﬂ*ﬂﬁﬁﬁ
KadwsIBeysnmsiinaneTafisesiulssdnamuessruunisnan laskavastwanlulefinane
UsyAvSnimntsnandniuuandlu Table 1 (Tao et al, 2024; Thakur et al,, 2025; Goh et al., 2022)
Table 1 uandlsmiurwavednaniulofinanoUszansammanandniihaseuaguuaisniu lawn ms
Wiiuln UssAnsnmnislaeis nislsusslonilusiu uargunin TnslumumsiaSapiulanunis
i SGR wagmiindranninfiuussansameledsosemisuaznisgafuatsemns dawaluan
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Table 1 Effects of postbiotics on aquaculture production performance

Performance Effects of Postbiotics Main Mechanisms Involved References
Aspect
Growth Increased SGR and body weight Enhanced digestive enzyme activity Goh et al. (2022);
performance and improved nutrient absorption Tao et al. (2024)
Feed efficiency =~ Reduced FCR Modulation of gut microbiota and Goh et al. (2022);
improved digestion Tao et al. (2024)
Protein utilization Increased PER Enhanced protease activity Goh et al. (2022);

Tao et al. (2024)

Survival rate Increased survival Enhanced immune responses and Tao et al. (2024);
reduced infection Thakur et al. (2025)
Stress tolerance  Improved stress tolerance Reduced cortisol levels and increased Tao et al. (2024);
antioxidant enzyme activity Thakur et al. (2025)
Disease resistance Reduced disease incidence Pathogen inhibition and immune Tao et al. (2024);
activation Thakur et al. (2025)
Meat quality Increased protein content and Improved metabolic processes Thakur et al. (2025)

improved lipid profile

Source: Author's synthesis based on Goh et al. (2022), Tao et al. (2024) and Thakur et al. (2025)
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aunaydunisludila nsznugiauiy wasiiiuyusyd@nsamnisuesemis (Aguilar-Toala et al., 2018;
Salminen et al., 2021; Thakur et al., 2025) vang1uaNAsAnwludniuiuiaia wu Yarda vad
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al, 2018) wenanfgadunumdrdgneszuugdauiu lnensiiufanssuveaeulsugiauiy wu
lysozyme LLaig respiratory burst activity TTINTAANTITONLAULAZINUAIUYUN TURDANTWLIAA D
lumngan lunaudniunasugfandyanas 1wy nIwa (Litopenaeus vannamei) wagnInNaIeI
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et al, 2016; Ballantyne et al, 2023) vauziinfudsfiseruierfuanuuniuneanunienan
nsidsarannaesludnith serdlsimu mavesmslelnanlulefnanesnsnissenuarnslyen
Uﬁ%ﬁuggdﬂﬁilﬁT%’Uﬂ’liﬂi%Lﬁju‘\]’]ﬂ%ﬁﬂi’mﬂﬁﬂﬂa@difﬂ‘&m‘id (Ringg et al., 2016; Hoseinifar et al.,
2018)

Table 2 aqﬂwamiﬁﬂmmﬂﬂ?mﬁamwmmﬁuﬁéﬁLﬁlEJ’JGtTmﬁ’uiwaﬁluiaﬁﬂéiuﬁméifﬂ
\segNaviateuiin Tnedlndiunadnsideuanlu 3 ivdn lawn nsiasaivia qﬁﬂ?mﬁ’u WALAUNIN
ala FearuamanoUszAnsnwnisudslassy wunsiEsunansuengaunson luifieuie
éauﬂﬁzﬂawanf-\;éuw%émaLﬁumm%fgtﬁuim (Weight Gain; WG) ana1 FCR niseufiudnsnnissentu
vaneudndn i suzuzLﬁmﬁ’uﬁqLﬁ%ﬂ:_]ﬁﬂ?uﬁ’ushuﬂaiﬂﬁwﬁ’zg WU lysozyme, antioxidant enzymes,
macrophage activity Lag prophenoloxidase system ﬁﬁuﬁdmiﬂizﬁiummﬁmaaﬂ%aqguqﬁﬂyuﬁ'u
Tnanadnsunnmetunuslinuesdnint siavesHandinm waranzasiaes Iuﬁwuzjmmwa"wlg WU
IwaﬁiﬂaﬁﬂéawLﬁmﬂjumﬁum‘a"d%’uﬂu@aﬁ;ﬁuw%é n13aAnN12z dysbiosis LLazmﬁLa’%ummauyszﬂmm
L?Jaqé’wiz:Im&mama‘uauaamaLmﬂﬁhqﬁ’ummﬁmaqé’mﬁw yiavodiwanlulefing uazsruuniaiiss
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Table 2 Research on the use of postbiotics in economically important aquatic animals

Aquatic Effects on Growth Immune Response Gut Health Key Findings References
Animal Performance
Nile tilapia  Increased WG and T Lysozyme activity Improved Nile tilapia Goh et al. (2022); Tao
reduced FCR microbial balance et al. (2024); Thakur et
al. (2025)
Catfish Increased survival rate T Antioxidant enzyme Reduced Catfish Tao et al. (2024);
activity inflammation Thakur et al. (2025)
Climbing Moderate T Immune response Improved tight-  Climbing perch ~ Thakur et al. (2025)
perch improvement junction integrity
Spotted Improved growth 1 Immunity 1 Intestinal Spotted seabass Liu et al. (2024)
seabass performance health

Whiteleg Increased survival rate T Prophenoloxidase Reduced Vibrio Whiteleg shrimp Thitamadee et al.

shrimp (proPO) system activity Spp. (2016); Thakur et al.
(2025)

Black tiger ~ Moderate T Immune-related Reduced oxidative Black tiger Thitamadee et al.

shrimp improvement gene expression stress shrimp (2016); Thakur et al.
(2025)

Other Overall improvement Enhanced immune Improved Other aquatic ~ Aguilar-Toala et al.

aquatic in production function intestinal health  species (2018); Dawood et al.

species performance (2018); Hoseinifar et al.

(2018); Salminen et al.
(2021); Tao et al.
(2024)

Source: Author's synthesis based on Thitamadee et al. (2016), Aguilar-Toala et al. (2018), Dawood et al. (2018),
Hoseinifar et al. (2018), Salminen et al. (2021), Liu et al. (2024), Tao et al. (2024), and Thakur et al. (2025)
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1 (Aguilar-Toala et al., 2018; Salminen et al,, 2021) ogdlsfias ves1iaiidn AR ANLUTUTIU
YOIADUNTNKAN AU TV UNAINER sudamsvienasgiunarslunistmunesedsenouuaztda
matnn hlnnsiSeudisuranisisediluaenaaesiu Rings et al, 2016) lumuiasugaaninig
NaﬁlLLazﬂﬁﬂizﬁgﬂﬁh%L%dW’]ﬂj‘n‘&j ‘é’fﬁﬂLﬂuﬁyaaﬁmsﬂszLﬁuﬁiuuv!ul,l,azmmLﬁulﬂimymaLﬁw@;mam%
oeauszuy uaﬂmﬂﬁé’aﬁ%aﬁwﬁ’mmﬁu%@;&ammﬂaamﬁ’mwwn NIOUNYVNY kagIEUUNISAAY
guadidsludaaulunarsuszina oy LU ddglusuanfenisiimuaunggiu
&R N135¢Y biomarker Na1s N153818n15WANTUTEAUEAAIMNTIY (Scale-up) LagN15IAYIN
ngavfsuianz iteatvayunislelwaniuledndessiussansnmuasdaduludonndes sawd
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Usgdnsnimniswan LLazaﬁuagumi%’mmiiwuwangaaaéwaﬁUizﬁm%mW (Dawood et al., 2018;
Goh et al, 2022) il wwrAnndnTifd lasuauaula laun functional aquafeeds finanulnanlu
Tofindruaisesngni daninduiiieiasugiinuiuuazguningla precision nutrition feanuuy
Imjmmﬁmummﬁu@nmiLawwmmﬁ’mfﬁfﬂmBaﬂﬁ'ﬁjﬂjya%a%mwuazLumwiuiaﬁﬂz; Wway precision
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Figure 2 Future development trends of postbiotics in aquaculture: a conceptual framework
Source: Author's conceptual framework based on Dawood et al. (2018), Goh et al. (2022), Tao

et al. (2024) and Thakur et al. (2025)
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Source: Author's synthesis and conceptualization, with Al-assisted figure generation
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