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Abstract

Complications caused by the use of chemical drugs such as antibiotics in aquaculture raise the necessity of
using antimicrobial compounds that are compatible with the environment. Probiotics are live bacteria that have a
significant impact on host health due to their ability to control infectious diseases. Due to the possible transmission
of risks from live microbial strains to the host, the use of non-living microbial counterparts has been suggested.
The non-living microbial part (paraprobiotic) like its living counterpart is used as a suitable substitute orally or
by injection due to its beneficial effects on the host. Therefore, the use of paraprobiotic compounds, despite their
high ability in comprehensive host microbial modulation, still needs to be evaluated more carefully. In this review
study, the concept of paraprobiotics, the preparation of paraprobiotics and the evaluation of health indicators of
paraprobiotics in order to modulate biological reactions are described.

Keywords: Paraprobiotic, Heat-killed probiotics, Immune system, Resistance to pathogens

*Corresponding author: Sajjad Pourmozaffar, Email: Sajjad5550@gmail.com
Address: Agricultural Research Education and Extension Organization (AREEO), Bandar-e- Lengeh, Iran.


http://dx.doi.org/10.30491/5.2.109
mailto:Sajjad5550@gmail.com
http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

Ly o do
V€Y &MU Y b)m 1] 8,93

N Y
R or i YoR-) VA 1l

10.30491/5.2.109 @

097 Sl )3 BSHgmg b 5l e3lies! 12 (5595

Y ),:-Bb)% b‘?ﬂm’ 6‘ bb'}dl"é.’.c ‘_}“39'."

Il ST il o qolio 5 (59l gl SIS s Laea g lloss oS> lle 55,5
& 5 gl i lojlo 05 Gl ple Sliioe dungo s gloe 510 5 o)l gl ilsST 0aSitgfy o o) el lite s Slidoe oSy
Ol ASD Ay spgliss”
A RAVARVARSEX1| PSS SUR VRS SRVAYNA 1) PRt PR

DS

L 5k o gy Semts S 5 J oditd g8 ccy50 531 2 S 51 5 plimed (sl ls e ) 535 5 s
e 3l gt clacsylon JyiS 50 obly > 4 a5 w013 (sla g Sl bSiSgng p S oo gykae |y ditad Canj baso
29,590 0155l (sliod 3l odlatwl (\lie 4 9,5u0 015) sladygw | Sl clyled @l devs Judd 4 .0l biee Colls y
155 S olsie & pliian ko Sl 5 & 395 05 slian 5le (Smprblt) (3sSan oBid i Cosl 05 o
aole s 5 il Ul bl ogg b (Sismgnlly S 5l eolizl (ulplhy 9300 odatl (5 b (Shsd g 4 cuslio
b)) 5 g nlly iluosle] dacSisng b porio «sygp adllas cal 3 )l 5B b)) 4 S e Gl (29,5
ol 0 0013 gy gt sl yuiSTy i jskaie 4y by Sigmg phl colls sl jasls

llbu)yb );l); ).} wal.mo su.uo)l W ;U)IP Ls ol Jlxsﬂs dlﬁgﬁﬁy;sf ;;igaus);l)l) :‘.ﬁb}‘sw

Sajjad5550@gmail.ComM 1Kyl Cans . yhlan 591 Sew 1 ghuns odinnr * [
Ol a8 55,958 gy g sl lisios (lojl S Sl pole Sliiod dumge 1))


http://dx.doi.org/10.30491/5.2.109
mailto:Sajjad5550@gmail.com
http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

W yan s 3 bSKamgnhl 5l edlitul 2 (5y95

Sgmd 4 e Cunl (Sen (bySh g 220 Gal
23 il ) sl 55 & Cund (5l ol g 395 03,
S 139 3 Ay guw Caawl (Soe &S 394 o0 Lol pimen (Y4 -TY)
)J.I)J. SN Al aslas U”)‘; oK Pl I) ‘S)Lw u.}}lf U.’Uy
Sl oS aad 3135 (FFIF) 1 slon) el 1 (gsbows Jole
P L1 les Jelse 3,Shas 045 (29,50 g (tuisST]
5 edlatwl ) s oglle (YO) WS o Cugts ybiae b dblds
@l olew glapy (88 JUisl 4 jomie 0k lacg S ||
(YEXY) ol 00 (ol Sllges

LSigmg nhl (26 9 pgre

L Samgphl a5 Llod)S leol o) Ken 4 de Almada
oo sojlas Gjgo 4 &5 Liws closs i g S
p (02)956 Cawd b odd o)b) Jubp sbaslo b Pl
Oljee » i ralle Sl (B ojluil & 5525 L o Wigd e
ady) DL Wadny Sasmgnbl el 5 (YA) XI5
d93s0 N5 4 "SS5 b Jgame st sline 4 a5 5 )0 Sl
2 T) 2 0 dusslio 63 0455 (liod b padiuws pul jobo s g
postbiotics lais 4 conl (Koo LSS g09 b @)lge (S5
i 4 olal S Ngs B 5 s (S 5 )
liae b 935 U g 3)h Sy 5l (29550 slashe
Gub &S aites Joho (o)l (il g (09)See slashe
5 b slapley jl rwy b dauly 4 (gjludld s
uAJLo 03 as dgud o JU'AMAJ‘ (\YAL\) g o0 Limu u.)la.m.w
g Com (ol (sblie Sl (i 5908 b5 o a1,
sl aiSPlol S flas 4 Jkdye glbg S
sl a3 S5 lgie 4 cplpl (FAFY) Mt (5505
Slosds odlwl (659, (sl > Ol CutS demp 9 (il JyiS
(FYF¥)

LS gng 5 4

b ebySh chagw bies b SSamgnll Mg (ol
ol G oplled Jleas ()l Hlesd) (Sosd slai,
“YA) B9 oo Jieo (odle B sl jlosd) (olond g (g0 )]
(¥o

soJoSo (9,5 Jb s gl 5l s (o) 5l edlaial
Gl 4 yoly (o3laidl jai | gy05 3] Corio 3 (Ssmon
(FA-0Y) Cunss odzmn o] sjlalled e X555

b e Jolge 4 Sgngy ilullb s sla g,
o)yt sla ok SSgmgpll a5 Sbsl 51 (W FY)

J Mar Med Summer 2023, Vol. 5, No. 2

o

CVRUT
gl sl Lol (Ll 5 cuner 0d) > 4 @ls »
by Slpaze Mg > 2y JB Gl (aulyy ol
3 Sl & 2585l sl 4 ) 292y ez el
VoYY Jlo 3 FAO Sl (1) Casl 03,8 Iy b sy
DD FuS st 5> ALBIS 4B )3 (5)9 s Mg Amd e LS
Oodee YV 200 4 Ve Vel pd (7 yaaleo AD 390> 1 5 009
Uiy gbiwly p3 (V) cunl sl Gilial YOVA Jle jo oy
G250 3 E)l5e 4215 s o elge lgil 29,5 atsos 59 053]
Joxio 1) (93b5 sl (Bwn )9y 9 Cusl 0ad 5l
N Gogn sl Bl 2 lslon b adblie gl (1-0) Sloss
Jd 4 (BV) 59 oo ool lanSigm (51 pudas Sy oowd
GlaS 5 5 oolitel ol (slog)s yaa j 86 Lo lse
~WY) 29850 golae Mt S barzeo b S5l &' (Sgmg
P s 2l 8L ok Gl ghe (SSongn slaJoSe (A
(IV) 2o m 3900 1y (oo (hoal 94 o3lisl (I 50 40
JUST jolas o G55 (S0 05 UsS (ool dalsd 0925 L ()b ]
039y 3 4 Slookij cgl le 4 Tiig)lon glag)y a8
Sl Gulio a9 QBl g (bjee (S5 laze b )55l (0L je
dazme (65550 5 50 (WD) Gl 0l g yleo 13955 5 0x3d
0lipe (gl Sgugp 5l edlitwl &5 ob i 131 Glllas
ol S5 4y 555 0455 slion wle 55 (Sismanlib)
Bpho (e cuslie piSile K plis 4 W e
Grao b opl Chgrge a5 canl o3y ol Slallas L(VEAY)
ol slopadls (( Subojl y oglle Sigmgnlll las L
ol Jelge lda ) g cunl 03,8 b (I LGN 53 35
porde sy §r9y0 adllas (pl jl Bum (VASYY) wlors pglie
5ol e 5 o Signguhly (sl odbel da Signg il
23 Cuoglis g (doul iy pbas ool b o po sla a3l

sl 390 G310 s Jelse

S92 S50 93 035 Slag w5l o3liw! &lge
ol (g5 S Sllg gl o (STsmgn loargw
(B3l gl s (ol slajline gy Syl i )ge
.(\\‘"Y\‘ZY\‘) .)9.;» M)f ).la.b )R 039y yd d)lf.bla 9 d)L» @515
Sl ogrg b ol b 53 (2L S 0k (slacg,Se 28
Slg See 5l oolitul onyl &S Cand @ilgo (£ S Hlad duto
a3 o ol Oldllae (YONF) 395 o0 g ykao (ol Sl 05
oligS b e Slsbs yguo s by sladyguw 5l oolasiwl a5
e 5 ol (Sn 1§ (ot ol b il plSin > o
(V) cosl b Sgmg (ode il e )3 e Jole 3 3


http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

Oreochromis ) o Wlls el Cosd cel oad Jladyue
3959 b L(FY) Wad e sS gyl cigas wly > (niloticus
Sibe el Gln Slao G500 g @ lleyd 55 o5 4]
Sy9 dbgé ) (Jb cnl b oy rgdbost by Sl e (2le
e @ilddyd il Pl S plgs @ s

(oY) s

L Sgng b (olbw glagasls (b ;)
Mg slaan e (ials jslaie 4 Cuslie slagSIl 5l ooliz
oSl (FF) ik pancsil » Spte Slal
oBiws )3 1) war G (29550 dnel> gllol b (SSgngn
I3l 5 3y Gl el caleg 3 5535 Ll pliges 3155
Lol cyro )3 (F0) B8 Glhjse ()55 olKtwd 2 il
oy 3 LS Iany jl eolitwl ogad 3 (gouxie Cldlas
Sl cawl 008 5155 05, sl asld  dyem ol
(Acanthopagrus schlegelii) ol L5 jlale 4" by L
L oodd Judpe L. oplantarum aygw (sl slaoys b oS
5,5 o dgme Ll 3 a3, laedls Wiad wls oyl
Cuslio Hlado 5l oolazwl a8 A sdnlin ,S5 Sllllas )3 (FFSY)
(2le oy 3 ead Jko e L. oplantarum oL iSh 4em

9 DUC (0FASA) suicy deme (Oreochromis sp.) e,
oshelgSU (SSomgn JoSo 39531 b &S 28l S
ool be 5 Dl oy s LS Lo Jlubé ooy il
dulio yd by 5,Slee (Pangasianodon hypophthalmus)
JoSo ol B pan Ll (e 3 (V2 ) €8l o 38l sals jlas L
(Clarias macrocephalus) 53w 2le 4,5 13 59,50
Channa ) olyely (ylopw (plo cpmizman (Y0) 250 30 5
o> glie Gpao by dgy ond cutlS Lla 4y, 4 &5 (Striata
(HK L-187) bl oshusbySl (Siguapll oS
Lo Jdpe LoobgSU sl JoSo a8 ol ol ] )San
Objse 039y 3 (29,50 dnsly Zllol e )l g gl b
leal 50,550 Sldllas )3 (FA) duic daugo 1y Ay (oS ¢
b (HK L-137) izl (ogheulisiSU (S 5 bpume &5 45
38les y cute w3 Gbpl oliE o ;> GH35B

(VYcV\N) .3)‘.) ..\.w) dlﬁu&l.w 9039 le.:}ua)fu.n

o] e Co 985
Lo )3 15 oyl Jelse 550 v bzl ol s
Cadgazme 4l )3 9 s jlaw Elgil Jo 4 oxie 9355 0 S

yolasygs g oaljalllie / VY

CCSuST b gl g ybjme 039) 50 bl Larsuis Aiws
ol (V) 358 il pall 5 (siloliz 1) gl lgiged (it
5 PCR 1o JsSlpe 385 slosisy 31 el s sl
...... 5 obi)l wln) egils
s pd o) en o Li (DY FVDYF) 20 o0 odlatwl (555l 548
ap FeYY Gl Qi gl 0 oL Sh sladysw )
ol e dowg 4 & Al VY-V e 4 ol Kle
Se &S GlS g gy 0 08 SIS | Shead Jld e
C'?" )] Lg‘o.))IAS b g Cawl o.\...».fo).g;%)& A
SySUDNA 5 (ngp )3 (jogil Voo =¥+ 1) (qunblizeg sl
St g 3,Slas gt B S5 52,8 sl s
(15) culis

oo9keslisSU 9l (29,5 sla 5o &8 ol (LS lalllas
{(Lacticaseibacillus casei BL23. Mbio)  3;i
bbb oslesl 5 (L. plantarum) pg, il poskwligsU
Jledyee jianlyd il cod celw Y/0 wis 4 (B. subtilis)
(00-0V) was

oo el (Al b & Cunl (S35 9y S g 09
ol )]0 (S g 53 ol 41 e LSl slaiges 4
Jud et 2L slo sk Cales 1o 5 29550 il 3 DNA

5 ol Cou, ol

9380 &8 Ay o s Slllas Ll osd pbsl (659 s3]
4 (Enterococcus avium) pgigl g8yl Jludpué agu
dygw ookl psmen Wiy deue Iy desl 9 iy STy

Rhodococcus )  suaww S wsSeSsdgy ods Jladpue
Ol s Jd o) w8 5 S lese 4 (Kroppenstedtii
s Pseudomonas aeruginosa cogas ply ;3 5 dusdi dau0 |y
ool poesle (DADR) 5,8 dbl el Vibrio harveyi
slop 8l o e 4 ey Sl oolisl (S 3:8 sla b,
Py Soon 31 > Seie Jelse (o o 3l lp liesd
L plos (gy9dbss Cjgo 4 (plloyd I oalasl (FVNY) conl
sladgw (Wloyi osle (1) 35 o g0 (Flho (19,0 ByF
b Jolss oyl jl ool 5550 (slod g loj 4 s |y (229,500
aolllas (FV) A8 o b ot Sl 5 (gl g ol (gl
o ey Gy & ab ol o,Kes o Nunez Ortiz
112) VERV. 4y aiges 05 Jlbd a3 oulloyd
Coshe ply 50 esl bl el (RGNNV YAY,Y.-Q ouis
b obaw al > (Betanodavirus) g ,shsbs
2 &g dbee &S Jbb > Jg i (Dicentrarchus labrax)
Sygo & ol 1o ¥ 32,5 L FY) 395 She (e )b ples
E. bySl slaarge o5 1055 Jib colu YF (3lio 93
5 (BFTS29) E. HIRAE (BFTS22 , BFF1B1) faecalis
s uw ¢ LA5 Jlebe (BFTS31) E. faecium

V€Y bl oY 5 lowd 0 593 b, b abxo


http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

WY/ yon 53l 0 bSamgnhl 5l odlitul 1 5y95

JW b wslyi e (sgtas 9 (Sigdon Coge 4 Cunj b
Pl gl el ladshe pedtee (38
by L ouds pbol ldllas (V) aiS” cogis |y aolaidl e
(L.plantarium 1-137) pgs,bily waluolgiSU 51 eolawl &S
Cogae ply g3 Caoglio 4 o Gyl booad s
Clarias ) 005 o b 4,5 ;5 Aeromonas hydrophila
ooobuolgiSU 39381 b oo (V) A5 (Macrocephalus
Pangasianodon) ol oly ol 4,5 dou  slde oy 4 oyl
Cogae ply ) Cuglie sbwl el (hypophthalmus
(V) ol rals' ]y e 9 S e 5 A Edwardsiella ictalurid
as ol LS 55 oy Ken o Van Nguyen adllas Lol (e 4
cigie p ale el Spmapll JoSa ool ) eslisd
Oreochromis ) s WWs ,> Streptococcus agalactiae
G puno ooyl oglle (FA) duicsy daus 1y sl 9 25 (Niloticus
S 2liE oy > ol boad byt (Ssngn JoSo
S olals bl eely (Clarias macrocephalus) Sew
JoSo 5l oolazwl L(AR) Wi A, hydrophila cogae b aslge 5o
Ll a3 > (Bacillus sp. NP5) sp wsluwl (Siismgml,b
9 A5 S. agalactiae cosee J,uS & oxie (O. niloticus) s
(MDA ol ol dgs 5l aals Hlow 4 Caws (6 5UL (518 sy
5 ol boad Sl (Sdigmgn sloose ) oslicul
S S GV ualstigm oslasly Jali Baoc) @SWF gl
I Jsie) @GWFE 5 (Ipels popShgtw 5 Sl
5 ommBeSlglol gl iiigpe umalog) Sl
2lr > Cunglie g (ol s dat0 Sl (1ol pog S bgis
ole 43 (A veronii Hm091) Aeromonas veronii (sl
Acipenser baerii x Acipenser ) si,us ()b
(VAAY) . (schrenckii

Pseudoalteromonas Soswsp  JoSo 1 oalatuwl
ol g oad auiS oyl L &S piscicida 2515
Sy Sl g aeiSy s | ey olalne
Vibrio cisee  ply > (Paralichthys olivaceus)
olalie )San o Giri .(AV) 55 cladl=e anguillarum
@ Ol b odd ALiS (Sgmgn digw (3,5 LI a5 358
Sog el (Cyprinus carpio) Joexe j58 olie oy
Cogis plp > Ceglie Rl g el slagell
s P. aeruginosa VSG2 (Pseudomonas aeruginosa)
(M)

&S Siwd (ol )57 B ool piaew )b liwgy o
ohke 1 Solowr Jolos b Jhgagn 9 (Jobo (ol (19,5 JUb L
G 53,5 53 (Sbgan olisgy Eus 3 (AVAY) 435 oo
0938 (AF) Sl Jlygesn 9 (Jobo (el slagel 1> ok
CBGOL  poSyiy  pooyialS  (Sdgmon  JoSo

J Mar Med Summer 2023, Vol. 5, No. 2

S Wl oo Ssng )l ) edlitel 930 539 53 5
5 b (gl oyl Jele b ablio gy sto sla Sl ]
solaie 4 (odaio Clalllas Liwly cpsed p3 a3l bl Cooll
o] e S9ug (glyr 045 42iS by Sigmy I odliul
2 86 b (Sogmgnhl ladeSe unl 435 plool oLzl
Fobo ol b bape lag; wlal 4 e el e
! ola S g (€3 4 dl-1P €d8 «cd4 gp96 &hsp90ab)
IL- s TNF-a JL-10 JL-8 AL-6 JL-1B .SAA LOX-2)
sl s (IFN-y dFN-Ta) wgps o slacuS s 12)
Lo )3 by ale (oli8 CowgSd )3 (oul b bas o (sln S gt
o JoSo 5l bzl (YF-AY) 0 alBioloj] put g 2Kkl
HE oy 3 axte ol Sk laage sl (Samgnll
Acipenser baerii x Acipenser ) . b (55ba5 Lol
woladl e sl b boe bayi oo (schrenckii
S bl olale 13 1) (wjs5) 9 C32 DEFBL-1)
005 Jubé b ySL (sladygus 1 oslizal (AVOA) sl il 33l
by sl yasls i el b ale i oy 0 o)l b
M wgSl Cllad mjoid pla blwwgSd el b
J5 ) e ladels Gl e laslS
A5 JS s g (i il (ulSgen y Sigen
(VEVEADSAY + SANY)

cel Somonhl boSe I ookl bwly pen 5
w93 Pl Jhgegm g Jshe el lagiSly cosis
g S g Slsime Blins ST M (sl gigel
9 STy sl bgemad dpaSlpgw ¢S] nshe
1 Sasmanhl il oslizul )y oglle (AYAFSES) L5y 3
SloaSe Gpas cusl 0395 b 5 lwgcouw
Oliwgy S )3 Dgolp g Oyl bosd Jlbjd (SSongn
LGBP proPO LZM) _ios b Lasye slag pubas csly
©IF4Ela (E-BPY .TOR Relish Toll dmd HSP70
s thioredoxin 4 hsp60 dectin-c dferritin elF4E2
Calld) cesl b lagye slesls 4 us (penaeidin-3
land Aol Bland JISIT dincapmsgan IS s o ipuosS
IV RPN BTN FOUS SR P IR (PEAES
Slgimo 5 ] I3 Ly S e (5] b o sy
Mty sty Sbgle 5 e o 1 (aneS) Jyist
(OY VYV AY)

15 S slow Jolgs il 3 Caoglite
SRl P bSSgngn pld el Sl el elin]
slag; oS cel liglen glacigae JuS b s)yep
Sy os Rl plais 4 g Sadoe LS Cuglie
b Bl el sl e ol (AAKFF) s s Sig 51


http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

9 Sl Al p ey JB Sl culy pasuie (loj
slacsgie blas o 1) Ll g 3,13 opl clbgrge ol
g crpcmlio | (SO omeliansTy (FY) 28T clabloxe 16 low
Cauo oyiwd )3 pol> Jbo 3 a5 Cul oo gy ()55
g0 o3l Ggie ais)low | 655l lp sron 3]
092%) (5 Cope @ (Samgnhl g l olinal (V)
sy Sy e gllol )5 layusSTy LS > (STyes o (Sl
g ol pli Cosl 0391 iSual (LT (ol it o5

385 (bl Kejls sl STy Job> (25 )5 6 SSgmg 0]k

s sl > & oaslul aen jl 3 J10,a8 oSS

el Jos (938 5 1S5 ol caidgs plys)l 2l

Ao agl (555 )3 (Baians den 1B Nuny g ik
ol dlie ple 1ol b den 5 Lo e o) S5k L

sS85 LS o gyl (5 M 5 128U LAS

&bo
1. Mustapha UF, Alhassan AW, Jiang DN, Li GL.
Sustainable aquaculture development: a review on
the roles of cloud computing, internet of things and
artificial intelligence (CIA). Reviews in Aquaculture.
2021; 13(4):2076-91. doi:10.1111/raq.12559
2. FAO (access time 2022)
3. Rathore G, Lekshmi N, Swaminathan TR.
Antimicrobial resistance in aquaculture and fisheries-
Status and way forward. Indian Journal of
Comparative  Microbiology, Immunology and
Infectious Diseases. 2022;43(1):58-65.
doi:10.5958/0974-0147.2022.00008.3
4. Mugimba KK, Byarugaba DK, Mutoloki S,
Evensen @, Munang'andu HM. Challenges and
solutions to viral diseases of finfish in marine
aquaculture. Pathogens. 2021;10(6):673.
doi:10.3390/pathogens10060673
5. Dawood MA, Koshio S, Abdel-Daim MM, Van
Doan H. Probiotic application for sustainable
aquaculture. Reviews in Aquaculture. 2019;11 (3):
907-24. doi:10.1111/raq.12272
6. Silva CP, Louros V, Silva V, Otero M, Lima DL.
Antibiotics in Aquaculture Wastewater: Is It Feasible
to Use a Photodegradation-Based Treatment for
Their Removal?. Toxics. 2021;9(8):194.
doi:10.3390/toxics9080194
7. Chowdhury S, Rheman S, Debnath N, Delamare-
Deboutteville J, Akhtar Z, Ghosh S, et al. Antibiotics
usage practices in aquaculture in Bangladesh and
their associated factors. One Health. 2022;15:
100445. doi:10.1016/j.0nehlt.2022.100445

Solaoygs g oljalllie / VYV

douty 33 Sgolyd b o Jled yue (Clostridium Butylicum)

litoPenaeus ) )¢ daawly 6o jl 5 39 Sho (ool )Slas
Vibrio parahaemolyticus cuogae ,ly ;5 (vannamei
4S50S odalie ) San g DaSh yuizen (V+) 3,8 cladbxs
whie oy 4 b)S L osi anis L. plantarum oo 3458

od O Sip e Sl Ol ey JB sk 4
A L Ll 5l w1, (Macrobrachium rosenbergii)
(R0) iy 2400 hydrophila

6 5 4o
9 Pl ewd Jolse aSsn Il 5l S elitl
clbs s & 18l Ggie slacsslon il sl bogpusly
sl 48,5 )18 Sl 5,90 (pages Collu 5 590 S5 &l
& 29/SNedd SlaS 5 plas e 5 Ol Sl (cnlpl
b Ssmgn (A7) Cosl 5l 3)90 At Can bapea b )55l

9 9 Solow S (Sl 0855 (29,500 (nSNl S g 4
a8 ol lis Sldlas (FYFF) 250 0 48,5 Jai )5 ol cuaS
Uyt oS e g Cute )5 (2l pSh Gladigu I (gpuog il

b > Sgmg bl plgie 4 (55 b SO Cjgo 2 idgy 0
5 ylie > (SSaugphl bS5l solatwl (FY) Bad 48,5

8. Pérez-Sanchez T, Mora-Sanchez B, Balcazar JL.
Biological approaches for disease control in
aquaculture: advantages, limitations and challenges.
Trends in microbiology. 2018;26(11):896-903.
doi:10.1016/j.tim.2018.05.002

9. Pushparaj K, Kuchi Bhotla H, Pappuswamy M,
Issara U, Balasubramanian B, Al-Dhabi NA, et al.
Perspectives and Implications of Probiotics as
Beneficial Mediators in Aquaculture Industry. In
Aquaculture Science and Engineering 2022 (pp. 79-
97). Springer, Singapore. doi:10.1007/978-981-19-
0817-0_3

10. Van Doan H, Hoseinifar SH, Sringarm K,
Jaturasitha S, Khamlor T, Dawood MA, et al. Effects
of elephant's foot (Elephantopus scaber) extract on
growth performance, immune response, and disease
resistance of nile tilapia (Oreochromis niloticus)
fingerlings. Fish & Shellfish Immunology. 2019; 93:
328-35. d0i:10.1016/j.fsi.2019.07.061

11. Lieke T, Meinelt T, Hoseinifar SH, Pan B, Straus
DL, Steinberg CE. Sustainable aquaculture requires
environmental-friendly treatment strategies for fish
diseases. Reviews in Aquaculture. 2020;12(2):943-
65. doi:10.1111/raq.12365

12. Parvarei MM, Khorshidian N, Fazeli MR,
Mortazavian AM, Nezhad SS, Mortazavi SA.
Comparative effect of probiotic and paraprobiotic
addition on physicochemical, chemometric and
microstructural properties of yogurt. LWT. 2021;
144:111177. doi:10.1016/j.Iwt.2021.111177

V€Y bl oY 5 lowd 0 593 b, b abxo


https://doi.org/10.1111/raq.12559
https://doi.org/10.5958/0974-0147.2022.00008.3
https://doi.org/10.3390/pathogens10060673
https://doi.org/10.1111/raq.12272
https://doi.org/10.3390/toxics9080194
https://doi.org/10.1016/j.onehlt.2022.100445
https://doi.org/10.1016/j.tim.2018.05.002
https://doi.org/10.1007/978-981-19-0817-0_3
https://doi.org/10.1007/978-981-19-0817-0_3
https://doi.org/10.1016/j.fsi.2019.07.061
https://doi.org/10.1111/raq.12365
https://doi.org/10.1016/j.lwt.2021.111177
http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

WO/ ya sl 3 bSKamgnhl 5l edlitul » ()95

13. Hoseinifar SH, Sun YZ, Wang A, Zhou Z.
Probiotics as means of diseases control in
aquaculture, a review of current knowledge and
future perspectives. Frontiers in microbiology. 2018;
9:2429. doi:10.3389/fmich.2018.02429

14. Goh JX, Tan LT, Law JW, Ser HL, Khaw KY,
Letchumanan V, et al. Harnessing the potentialities
of probiotics, prebiotics, synbiotics, paraprobiotics,
and postbiotics for shrimp farming. Reviews in
Aquaculture. 2022;14(3):1478-557.
doi:10.1111/rag.12659

15. Wang A, Ran C, Wang Y, Zhang Z, Ding Q, Yang
Y, et al. Use of probiotics in aquaculture of China-a
review of the past decade. Fish & shellfish
immunology. 2019;86:734-55.
d0i:10.1016/).fsi.2018.12.026

16. Li S, Tran NT. Paraprobiotics in Aquaculture. In
Probiotics in Aquaculture (pp. 131-164). Springer,
Cham. 2022. doi:10.1007/978-3-030-98621-6_7

17. Choudhury TG, Kamilya D. Paraprobiotics: An
aquaculture perspective. Reviews in Aquaculture.
2019; 11(4): 1258-1270. doi:10.1111/raq.12290

18. Wu X, Teame T, Hao Q, Ding Q, Liu H, Ran C,
et al. Use of a paraprobiotic and postbiotic feed
supplement (HWF™) improves the growth
performance, composition and function of gut
microbiota in hybrid sturgeon (Acipenser baerii x
Acipenser  schrenckii). Fish &  Shellfish
Immunology. 2020;104:36-45.
d0i:10.1016/).fsi.2020.05.054

19. Van Doan H, Hoseinifar SH, Ringg E, Angeles
Esteban M, Dadar M, et al. Host-associated
probiotics: a key factor in sustainable aquaculture.
Reviews in fisheries science & aquaculture. 2020; 28
(1):16-42. doi:10.1080/23308249.2019.1643288

20. Hien TT, Hoa TT, Liem PT, Onoda S, Duc PM.
Effects of dietary supplementation of heat-killed
Lactobacillus  plantarum  L-137 on  growth
performance and immune response of bighead catfish
(Clarias macrocephalus). Aquaculture Reports. 2021;
20: 100741. doi:10.1016/j.aqrep.2021.100741

21. Duc PM. Dietary supplementation with heat-
killed Lactobacillus plantarum L-137 improves
growth, immune response, and disease resistance of
snakehead (Channa striata). AACL Bioflux. 2021;
14(4).

22. Tepaamorndech S, Chantarasakha K, Kingcha'Y,
Chaiyapechara S, Phromson M, Sriariyanun M, et al.
Effects of Bacillus aryabhattai TBRC8450 on
vibriosis resistance and immune enhancement in
Pacific white shrimp, Litopenaeus vannamei. Fish &
shellfish immunology. 2019;86:4-13.
d0i:10.1016/j.fsi.2018.11.010

23. El-Saadony MT, Alagawany M, Patra AK, Kar I,
Tiwari R, Dawood MA, et al. The functionality of
probiotics in aquaculture: an overview. Fish &
Shellfish Immunology. 2021;117:36-52.
doi:10.1016/j.fsi.2021.07.007

24. Akter MN, Parvez |, Patwary ZP. Beneficial
effects of probiotics in aquaculture. International
Journal of Fisheries and Aquatic Studies. 2016; 4(5):
494-9,

J Mar Med Summer 2023, Vol. 5, No. 2

25. Wang A, Ran C, Wang Y, Zhang Z, Ding Q, Yang
Y, et al. Use of probiotics in aquaculture of China-a
review of the past decade. Fish & shellfish
immunology. 2019; 86:734-55.
doi:10.1016/j.fsi.2018.12.026

26. Cai X, Wen JS, Long H, Ren W, Zhang X, Huang
AY, Xie ZY. The probiotic effects, dose, and
duration of lactic acid bacteria on disease resistance
in Litopenaeus vannamei. Aquaculture Reports.
2022; 26:101299. doi:10.1016/j.aqrep.2022.101299
27. Nedaei S, Noori A, Valipour A, Khanipour AA,
Hoseinifar SH. Effects of dietary
galactooligosaccharide enriched commercial
prebiotic on growth performance, innate immune
response, stress resistance, intestinal microbiota and
digestive enzyme activity in Narrow clawed crayfish
(Astacus  leptodactylus  Eschscholtz,  1823).
Aquaculture. 2019;499:80-9.
doi:10.1016/j.aquaculture.2018.08.076

28. Austin B, Sharifuzzaman SM. Probiotics in
aquaculture.

29. Sharifuzzaman SM, Austin B. Development of
protection in rainbow trout (Oncorhynchus mykiss,
Walbaum) to Vibrio anguillarum following use of the
probiotic Kocuria SM. Fish & Shellfish Immunology.
2010;29(2):212-6. doi:10.1016/j.fsi.2010.03.008

30. Huang Z, Zeng S, Xiong J, Hou D, Zhou R, Xing
C, et al. Microecological Koch's postulates reveal
that intestinal microbiota dysbiosis contributes to
shrimp white feces syndrome. Microbiome. 2020; 8
(1):1-3. d0i:10.1186/s40168-020-00802-3

31. He RP, Feng J, Tian XL, Dong SL, Wen B.
Effects of dietary supplementation of probiotics on
the growth, activities of digestive and non-specific
immune enzymes in hybrid grouper (Epinephelus
lanceolatus Epinephelus fuscoguttatus). Aquaculture
Research. 2017;48 (12):5782-90.
doi:10.1111/are.13401

32. El-Salam MH, Hippen AR, Goma MM, Assem
FM, Abbas H, EI-Aziz MA, et al. Preparation and
properties of probiotic brined soft cheese (Tallaga) of
high level of conjugated linoleic acid. Egyptian
Journal of Dairy Science. 2011; 39 (1):111-25.

33. Rendueles O, Ferriéres L, Frétaud M, Bégaud E,
Herbomel P, Levraud JP, et al. A new zebrafish
model of oro-intestinal pathogen colonization reveals
a key role for adhesion in protection by probiotic
bacteria. PL0oS pathogens. 2012;8(7):e1002815.
doi:10.1371/journal.ppat.1002815

34. Valenzuela MJ, Caruffo M, Herrera Y, Medina
DA, Coronado M, Feijéo CG, et al. Evaluating the
capacity of human gut microorganisms to colonize
the zebrafish larvae (Danio rerio). Frontiers in
microbiology. 2018;9:1032.
d0i:10.3389/fmich.2018.01032

35. Ran C. Isolation and Characterization of Bacillus
spp. as Potential Probiotics for Channel Catfish,
Ictalurus punctatus (Doctoral dissertation).

36. Egervarn M, Lindmark H, Olsson J, Roos S.
Transferability of a tetracycline resistance gene from
probiotic Lactobacillus reuteri to bacteria in the
gastrointestinal tract of humans. Antonie Van


https://doi.org/10.3389/fmicb.2018.02429
https://doi.org/10.1111/raq.12659
https://doi.org/10.1016/j.fsi.2018.12.026
https://doi.org/10.1007/978-3-030-98621-6_7
https://doi.org/10.1111/raq.12290
https://doi.org/10.1016/j.fsi.2020.05.054
https://doi.org/10.1080/23308249.2019.1643288
https://doi.org/10.1016/j.aqrep.2021.100741
https://doi.org/10.1016/j.fsi.2018.11.010
https://doi.org/10.1016/j.fsi.2021.07.007
https://doi.org/10.1016/j.fsi.2018.12.026
https://doi.org/10.1016/j.aqrep.2022.101299
https://doi.org/10.1016/j.aquaculture.2018.08.076
https://doi.org/10.1016/j.fsi.2010.03.008
https://doi.org/10.1186/s40168-020-00802-3
https://doi.org/10.1111/are.13401
https://doi.org/10.1371/journal.ppat.1002815
https://doi.org/10.3389/fmicb.2018.01032
http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

Leeuwenhoek. 2010;97(2):189-200.
d0i:10.1007/s10482-009-9401-0

37. Cohen PA. Probiotic safety-no guarantees. JAMA
internal medicine. 2018;178(12):1577-8.
doi:10.1001/jamainternmed.2018.5403

38. de Almada CN, Almada CN, Martinez RC,
Sant'Ana AS. Paraprobiotics: Evidences on their
ability to modify biological responses, inactivation
methods and perspectives on their application in
foods. Trends in food science & technology. 2016;
58:96-114. doi:10.1016/j.tifs.2016.09.011

39. Siciliano RA, Reale A, Mazzeo MF, Morandi S,
Silvetti T, Brasca M. Paraprobiotics: A new
perspective for functional foods and nutraceuticals.
Nutrients. 2021;13(4):1225.
d0i:10.3390/nu13041225

40. Goh JX, Tan LT, Law JW, Ser HL, Khaw KY,
Letchumanan V, et al. Harnessing the potentialities
of probiotics, prebiotics, synbiotics, paraprobiotics,
and postbiotics for shrimp farming. Reviews in
Aquaculture. 2022;14(3):1478-557.
doi:10.1111/rag.12659

41. Barros CP, Guimaraes JT, Esmerino EA, Duarte
MC, Silva MC, Silva R, et al. Paraprobiotics and
postbiotics: concepts and potential applications in
dairy products. Current Opinion in Food Science.
2020;32:1-8. do0i:10.1016/j.c0fs.2019.12.003

42. Gonzélez R, Gonzalez D, Stambuk F, Ramirez F,
Guzman F, Mercado L, et al. A g-type lysozyme from
the scallop Argopecten purpuratus participates in the
immune response and in the stability of the
hemolymph  microbiota. Fish &  Shellfish
Immunology. 2022;123:324-34.
doi:10.1016/j.fsi.2022.03.015

43. Chauhan A, Singh R. Probiotics in aquaculture: a
promising emerging alternative approach. Symbiosis.
2019;77(2):99-113. doi:10.1007/s13199-018-0580-1
44. Ringg E, Van Doan H, Lee SH, Soltani M,
Hoseinifar SH, Harikrishnan R, et al. Probiotics,
lactic acid bacteria and bacilli: interesting
supplementation for aquaculture. Journal of applied
microbiology. 2020;129(1):116-36.
doi:10.1111/jam.14628

45. Aguilar-Toald JE, Garcia-Varela R, Garcia HS,
Mata-Haro V, Gonzalez-Cérdova AF, Vallejo-
Cordoba B, et al. Postbiotics: An evolving term
within the functional foods field. Trends in Food
Science &  Technology. 2018;75:105-14.
doi:10.1016/j.tifs.2018.03.009

46. Tran NT, Yang W, Nguyen XT, Zhang M, Ma H,
Zheng H, et al. Application of heat-killed probiotics
in aquaculture. Aquaculture. 2022;548:737700.
doi:10.1016/j.aquaculture.2021.737700

47. Choudhury TG, Kamilya D. Paraprobiotics: An
aquaculture perspective. Reviews in Aquaculture.
2019;11(4):1258-70. doi:10.1111/raq.12290

48. Yesilyurt N, Yilmaz B, Agagiindiiz D, Capasso
R. Involvement of probiotics and postbiotics in the
immune system modulation. Biologics. 2021;1(2):
89-110. doi:10.3390/biologics1020006

49. Zheng X, Duan Y, Dong H, Zhang J. The effect
of Lactobacillus plantarum administration on the
intestinal microbiota of whiteleg shrimp Penaeus

yolao gy g oljalllie / VYV

vannamei. Aquaculture. 2020 Sep 15;526:735331.
doi:10.1016/j.aquaculture.2020.735331

50. Cerezo IM, Dominguez-Maqueda M, Carmen
Balebona M, Martinez-Manzanares E, Arijo S.
Application Methods of Probiotics and Options.
InProbiotics in  Aquaculture 2022 (pp. 25-52).
Springer, Cham. doi:10.1007/978-3-030-98621-6_3
51. Chizhayeva A, Amangeldi A, Oleinikova Y,
Alybaeva A, Sadanov A. Lactic acid bacteria as
probiotics in sustainable development of aquaculture.
Aquatic Living Resources. 2022;35:10.
doi:10.1051/alr/2022011

52. Almada CN, Almada-Erix CN, Roquetto AR,
Santos-Junior VA, Cabral L, Noronha MF, et al.
Paraprobiotics obtained by six different inactivation
processes: Impacts on the biochemical parameters
and intestinal microbiota of Wistar male rats.
International Journal of Food Sciences and Nutrition.
2021; 72(8):1057-70.
doi:10.1080/09637486.2021.1906211

53. Abdel-Karim SA, El-Ganiny AM, El-Sayed MA,
Abbas HA. Promising FDA-approved drugs with
efflux pump inhibitory activities against clinical
isolates of Staphylococcus aureus. Plos one. 2022 Jul
29;17(7):e0272417.
doi:10.1371/journal.pone.0272417

54. ChenY, Zhou J, Wan X, Gao S. Establishment of
a multiplex PCR and an investigation of co-infection
rate of WSSV and IHHNV in Penaeid vannamei in
northern of Jiangsu. Journal of Animal and
Veterinary Advances. 2012;11(2):181-5.
doi:10.3923/javaa.2012.181.185

55. Azhdari SM, Tavabe KR, Pournaki SK, Hosseni
SV, Bagheri D, Javanmardi S, et al. Effects of
Bacillus subtilis and Lactobacillus plantarum
probiotics on the Litopenaeus vannamei growth
performance, hemolymph factors, and
physicochemical parameters.

56. da Silva Barreira D, Lapaquette P, Novion
Ducassou J, Couté Y, et al. Spontaneous prophage
induction contributes to the production of membrane
vesicles by the gram-positive  bacterium
Lacticaseibacillus casei BL23. Mbio. 2022; 13 (5):
€02375-22. doi:10.1128/mbio.02375-22

57. Luo K, Tian X, Wang B, Wei C, Wang L, Zhang
S, et al. Evaluation of paraprobiotic applicability of
Clostridium butyricum CBGO1 in improving the
growth performance, immune responses and disease
resistance in Pacific white shrimp, Penaeus
vannamei.  Aquaculture.  2021; 544:737041.
doi:10.1016/j.aquaculture.2021.737041

58. Chu TW, Chen CN, Pan CY. Antimicrobial status
of tilapia (Oreochromis niloticus) fed Enterococcus
avium originally isolated from goldfish intestine.
Aquaculture Reports. 2020;17:100397.
doi:10.1016/j.aqrep.2020.100397

59. Kulkarni R, Deobagkar D, Zinjarde S.
Nanoparticles  derived  from  Rhodococcus
kroppenstedtii as bioactive agents for controlling
aquaculture  associated  bacterial ~ pathogens.
Aquaculture. 2022;547:737538.
doi:10.1016/j.aquaculture.2021.737538

V€Y bl oY 5 lowd 0 593 b, b abxo


https://doi.org/10.1007/s10482-009-9401-0
https://doi.org/10.1001/jamainternmed.2018.5403
https://doi.org/10.1016/j.tifs.2016.09.011
https://doi.org/10.3390/nu13041225
https://doi.org/10.1111/raq.12659
https://doi.org/10.1016/j.cofs.2019.12.003
https://doi.org/10.1016/j.fsi.2022.03.015
https://doi.org/10.1007/s13199-018-0580-1
https://doi.org/10.1111/jam.14628
https://doi.org/10.1016/j.tifs.2018.03.009
https://doi.org/10.1016/j.aquaculture.2021.737700
https://doi.org/10.1111/raq.12290
https://doi.org/10.3390/biologics1020006
https://doi.org/10.1016/j.aquaculture.2020.735331
https://doi.org/10.1007/978-3-030-98621-6_3
https://doi.org/10.1051/alr/2022011
https://doi.org/10.1080/09637486.2021.1906211
https://doi.org/10.1371/journal.pone.0272417
https://doi.org/10.3923/javaa.2012.181.185
https://doi.org/10.1128/mbio.02375-22
https://doi.org/10.1016/j.aquaculture.2021.737041
https://doi.org/10.1016/j.aqrep.2020.100397
https://doi.org/10.1016/j.aquaculture.2021.737538
http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

WY/ o 53l 0 beSKamgnhl 5l odlitul » )95

60. Sughra F, Hafeez-ur-Rehman M, Abbas F, Altaf
I, Aslam S, Ali A, et al. Evaluation of oil-based
inactivated vaccine against Aeromonas hydrophila
administered to Labeo rohita, Cirrhinus mrigala and
Ctenopharyngodon idella at different concentrations:
Immune response, immersion challenge, growth
performance and histopathology. Aquaculture
Reports. 2021;21: 100885.
doi:10.1016/j.aqrep.2021.100885

61. Leal JF, Neves MG, Santos EB, Esteves VI. Use
of formalin in intensive aquaculture: properties,
application and effects on fish and water quality.
Reviews in  Aquaculture. 2018;10(2):281-95.
doi:10.1111/rag.12160

62. Nufiez-Ortiz N, Pascoli F, Picchietti S,
Buonocore F, Bernini C, Toson M, et al. A formalin-
inactivated immunogen against viral encephalopathy
and retinopathy (VER) disease in European sea bass
(Dicentrarchus  labrax):  Immunological and
protection effects. Veterinary research. 2016;47(1):1-
1. d0i:10.1186/s13567-016-0376-3

63. Akter T, Ehsan R, Paul SI, Ador MA, Rahman A,
Haque MN, et al. Development of formalin killed
vaccine candidate against streptococcosis caused by
Enterococcus sp. in Nile tilapia. Aquaculture
Reports. 2022;27:101371.
doi:10.1016/j.aqrep.2022.101371

64. Wang C, Chuprom J, Wang Y, Fu L. Beneficial
bacteria for aquaculture: nutrition, bacteriostasis and
immunoregulation. Journal of Applied Microbiology.
2020;128(1):28-40. d0i:10.1111/jam.14383

65. Dawood MA, Koshio S, Ishikawa M, Yokoyama
S. Interaction effects of dietary supplementation of
heat-killed Lactobacillus plantarum and B-glucan on
growth performance, digestibility and immune
response of juvenile red sea bream, Pagrus major.
Fish & shellfish immunology. 2015;45(1):33-42.
d0i:10.1016/).fsi.2015.01.033

66. Sagada G, Gray N, Wang L, Xu B, Zheng L,
Zhong Z, et al. Effect of dietary inactivated
Lactobacillus plantarum on growth performance,
antioxidative capacity, and intestinal integrity of
black sea bream (Acanthopagrus schlegelii)
fingerlings. Aquaculture. 2021,;535:736370.
doi:10.1016/j.aquaculture.2021.736370

67. Sagada G, Wang L, Xu B, Tegomo FA, Chen K,
Zheng L, et al. Synergistic Effect of Dietary
Inactivated Lactobacillus plantarum and Berberine
Supplementation  on  Growth  Performance,
Antioxidant Capacity, and Immune Function of
Juvenile Black Sea Bream (Acanthopagrus
schlegelii). Aquaculture Nutrition. 2022.
doi:10.1155/2022/3053724

68. Van Nguyen N, Onoda S, Van Khanh T, Hai PD,
Trung NT, Hoang L, et al. Evaluation of dietary Heat-
killed Lactobacillus plantarum strain  L-137
supplementation on growth performance, immunity
and stress resistance of Nile tilapia (Oreochromis
niloticus). Aquaculture. 2019;498:371-9.
doi:10.1016/j.aquaculture.2018.08.081

69. Duc PM, Tu TL, Anh CT, Tuan TN, Onoda S,
Hien TT. Effects of Heat-Killed Lactobacillus
plantarum L-137 on Growth Performance, Feed

J Mar Med Summer 2023, Vol. 5, No. 2

Utilization, Immune Response, and Survival Rate in
Red Tilapia (Oreochromis sp.). Science &
Technology Asia. 2022:199-208.

70. Duc PM, Myo HN, Hoa TT, Liem PT, Onoda S,
Hien TT. Effects of heat killed Lactobacillus
plantarum (HK L-137) supplemental diets on growth,
survival and health of juvenile striped catfish,
Pangasianodon hypophthalmus. International Journal
of Scientific and Research Publications. 2020;10
(3):761-7. doi:10.29322/1JSRP.10.03.2020.p9993
71. Hien TT, Anh CT, Onoda S, Duc PM. Dietary
supplementation with heat-killed Lactobacillus
plantarum L-137 improves growth, survival rate, and
immune response of snakehead (Channa striata) in
practical Hapa culture. Aquaculture, Aquarium,
Conservation & Legislation. 2022;15(3):1133-40.
72. Ren X, Han Y, Zeng F, Rabbi MH, Li Z, Cui S,
Wu L, Chan Q, Li M, Ren T. Effects of dietary heat-
killed Lactobacillus plantarum and compound
probiotics on the growth performance, antioxidative
capacity, intestinal morphology and microbiota of
Pacific white shrimp Litopenaeus vannamei.
Aquaculture Research. 2022;53(9):3516-30.
doi:10.1111/are.15857

73. Back SJ, Park SJ, Moon JS, Lee SB, Jo SJ, Nam
TJ, Bai SC, Kong IS, Lee KJ, Lee BJ, Hur SW. The
effects of dietary heat-killed probiotics bacteria
additives in low-fishmeal feed on growth
performance, immune responses, and intestinal
morphology in juvenile olive flounder paralichthys
olivaceus. Aquaculture Reports. 2020;18:100415.
doi:10.1016/j.aqrep.2020.100415

74. Santos RA, Mariz-Ponte N, Martins N,
Magalhdes R, Jerusik R, Saavedra MJ, et al. In vitro
modulation of gilthead seabream (Sparus aurata L.)
leukocytes by Bacillus spp. extracellular molecules
upon bacterial challenge. Fish & Shellfish
Immunology. 2022; 121:285-94.
doi:10.1016/j.fsi.2022.01.002

75. Wang J, Feng J, Liu S, Cai Z, Song D, Yang L,
Nie G. The probiotic properties of different
preparations using Lactococcus lactis Z-2 on
intestinal tract, blood and hepatopancreas in Cyprinus
carpio. Aquaculture. 2021;543: 736911.
doi:10.1016/j.aquaculture.2021.736911

76. Mufoz C, Gonzalez-Lorca J, Parra M, Soto S,
Valdes N, Sandino AM, Vargas R, Gonzélez A, Tello
M. Lactococcus lactis Expressing Type | Interferon
From Atlantic Salmon Enhances the Innate Antiviral
Immune Response In Vivo and In Vitro. Frontiers in
immunology. 2021;12.
doi:10.3389/fimmu.2021.696781

77. Lin-Zhao Z, Tong-Yang B, Yi-Xuan Y, Ning-
Guo S, Xing-Zhang D, Nan-Ji S, et al. Construction
and immune efficacy of recombinant Lactobacillus
casei expressing OmpAl of Aeromonas veronii C5-1
as molecular adjuvant. Microbial Pathogenesis.
2021;156: 104827.
doi:10.1016/j.micpath.2021.104827

78. Santibafiez A, Paine D, Parra M, Mufioz C,
Valdes N, Zapata C, et al. Oral administration of
Lactococcus lactis producing interferon type ii,
enhances the immune response against bacterial


https://doi.org/10.1016/j.aqrep.2021.100885
https://doi.org/10.1111/raq.12160
https://doi.org/10.1186/s13567-016-0376-3
https://doi.org/10.1016/j.aqrep.2022.101371
https://doi.org/10.1111/jam.14383
https://doi.org/10.1016/j.fsi.2015.01.033
https://doi.org/10.1016/j.aquaculture.2021.736370
https://doi.org/10.1155/2022/3053724
https://doi.org/10.1016/j.aquaculture.2018.08.081
https://doi.org/10.29322/IJSRP.10.03.2020.p9993
https://doi.org/10.1111/are.15857
https://doi.org/10.1016/j.aqrep.2020.100415
https://doi.org/10.1016/j.fsi.2022.01.002
https://doi.org/10.1016/j.aquaculture.2021.736911
https://doi.org/10.3389/fimmu.2021.696781
https://doi.org/10.1016/j.micpath.2021.104827
http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html

[ Downloaded from jmarmed.ir on 2026-06-10 ]

[ DOI: 10.30491/5.2.109 ]

pathogens in rainbow trout. Frontiers in immunology.
2021; 12:2487. doi:10.3389/fimmu.2021.696803

79. Kahyani F, Pirali-Kheirabadi E, Shafiei S,
Shenavar Masouleh A. Effect of dietary
supplementation of potential probiotic Weissella
confusa on innate immunity, immune-related genes
expression, intestinal microbiota and growth
performance of rainbow trout (Oncorhynchus
myKkiss). Aquaculture Nutrition. 2021;27(5):1411-20.
doi:10.1111/anu.13279

80. Xie M, Xie Y, Li Y, Zhou W, Zhang Z, Yang Y,
Olsen RE, Ringg E, Ran C, Zhou Z. Stabilized
fermentation product of Cetobacterium somerae
improves gut and liver health and antiviral immunity
of zebrafish. Fish & Shellfish Immunology. 2022;
120: 56-66. doi:10.1016/j.fsi.2021.11.017

81. Dominguez-Maqueda M, Cerezo IM, Tapia-
Paniagua ST, De La Banda IG, Moreno-Ventas X,
Morifiigo MA, et al. A tentative study of the effects
of heat-inactivation of the probiotic strain
Shewanella putrefaciens Ppd11l on Senegalese sole
(Solea senegalensis) intestinal microbiota and
immune response. Microorganisms. 2021;9(4):808.
doi:10.3390/microorganisms9040808

82. Teame T, Wang A, Xie M, Zhang Z, Yang Y,
Ding Q, et al. Paraprobiotics and postbiotics of
probiotic lactobacilli, their positive effects on the
host and action mechanisms: a review. Frontiers in
nutrition. 2020;7:570344.
d0i:10.3389/fnut.2020.570344

83. Yassine T, Khalafalla MM, Mamdouh M, Elbialy
ZI, Salah AS, Ahmedou A, et al. The enhancement of
the growth rate, intestinal health, expression of
immune-related genes, and resistance against
suboptimal water temperature in common carp
(Cyprinus carpio) by dietary paraprobiotics.
Aquaculture Reports. 2021;20: 100729.
doi:10.1016/j.aqrep.2021.100729

84.Yun S, Jun JW, Giri SS, Kim HJ, Chi C, Kim SG,
et al. Immunostimulation of Cyprinus carpio using
phage lysate of Aeromonas hydrophila. Fish &
shellfish immunology. 2019;86:680-7.
doi:10.1016/j.si.2018.11.076

85. Mulyadin A, Widanarni W, Yuhana M,
Wahjuningrum D. Growth performance, immune
response, and resistance of Nile tilapia fed
paraprobiotic Bacillus sp. NP5 against Streptococcus
agalactiae infection. Jurnal Akuakultur Indonesia.
2021;20(1):34-46. doi:10.19027/jai.20.1.34-46

86. Giri SS, Jun JW, Yun S, Kim HJ, Kim SG, Kim
SW, et al. Effects of dietary heat-killed Pseudomonas
aeruginosa strain VSG2 on immune functions,
antioxidant efficacy, and disease resistance in
Cyprinus carpio. Aquaculture. 2020;514:734489.
doi:10.1016/j.aquaculture.2019.734489

87. Yang W, Tran NT, Zhu C, Zhang M, Yao D,
Aweya JJ, et al. Enhanced immune responses and
protection against the secondary infection in mud
crab (Scylla paramamosain) primed with formalin-
killed Vibrio parahemolyticus. Aquaculture. 2020;
529:735671.
doi:10.1016/j.aquaculture.2020.735671

yolas gy g o3ljalllie / VIA

88. Pereira WA, Mendonca CM, Urquiza AV,
Marteinsson VP, LeBlanc JG, Cotter PD, et al. Use
of Probiotic Bacteria and Bacteriocins as an
Alternative to  Antibiotics in  Aquaculture.
Microorganisms. 2022;10(9):1705.
doi:10.3390/microorganisms10091705

89. Hasan MT, Jang WJ, Lee BJ, Kim KW, Hur SW,
Lim SG, et al. Heat-killed Bacillus sp. SJ-10
probiotic acts as a growth and humoral innate
immunity response enhancer in olive flounder
(Paralichthys  olivaceus). Fish &  shellfish
immunology. 2019;88:424-31.
doi:10.1016/}.fsi.2019.03.018

90. Anggraeni AA, Maharani RB, Mulyadin A,
Yuhana M. Different dosage applications of Bacillus
sp. NP5 para-probiotic on the growth performance
and resistance of Nile tilapia against Streptococcus
agalactiae infection. Jurnal Akuakultur Indonesia.
2022;21(2):186-97. doi:10.19027/jai.21.2.186-197
91. Wang A, Meng D, Hao Q, Xia R, Zhang Q, Ran
C, et al. Effect of supplementation of solid-state
fermentation product of Bacillus subtilis HGcc-1 to
high-fat diet on growth, hepatic lipid metabolism,
epidermal mucus, gut and liver health and gut
microbiota of zebrafish. Aquaculture. 2022; 560:
738542. doi:10.1016/j.aquaculture.2022.738542

92. Elayaraja S, Mabrok M, Rodkhum C. The
Potential Use of Functional Ingredients with
Probiotics as Immunostimulants. InProbiotics in
Aquaculture 2022 (pp. 213-237). Springer, Cham.
doi:10.1007/978-3-030-98621-6_11

93. Tran NT, Kong T, Zhang M, Li S. Pattern
recognition receptors and their roles on the innate
immune system of mud crab (Scylla paramamosain).
Developmental & Comparative Immunology. 2020;
102:103469. doi:10.1016/j.dci.2019.103469

94. Liu S, Zheng SC, Li YL, LiJ, Liu HP. Hemocyte-
mediated phagocytosis in crustaceans. Frontiers in
Immunology. 2020;11: 268.
doi:10.3389/fimmu.2020.00268

95. Dash G, Raman RP, Prasad KP, Makesh M,
Pradeep MA, Sen S. Evaluation of paraprobiotic
applicability of Lactobacillus plantarum in
improving the immune response and disease
protection in giant freshwater prawn, Macrobrachium
rosenbergii (de Man, 1879). Fish & shellfish
immunology. 2015;43(1):167-74.
doi:10.1016/}.fsi.2014.12.007

96. Kamilya D, Singh M. Probiotics as Vaccine
Adjuvants. InProbiotics in Aquaculture 2022 (pp.
203-212). Springer, Cham. doi:10.1007/978-3-030-
98621-6_10

V€Y bl oY 5 lowd 0 593 b, b abxo


https://doi.org/10.3389/fimmu.2021.696803
https://doi.org/10.1111/anu.13279
https://doi.org/10.1016/j.fsi.2021.11.017
https://doi.org/10.3390/microorganisms9040808
https://doi.org/10.3389/fnut.2020.570344
https://doi.org/10.1016/j.aqrep.2021.100729
https://doi.org/10.1016/j.fsi.2018.11.076
https://doi.org/10.19027/jai.20.1.34-46
https://doi.org/10.1016/j.aquaculture.2019.734489
https://doi.org/10.1016/j.aquaculture.2020.735671
https://doi.org/10.3390/microorganisms10091705
https://doi.org/10.1016/j.fsi.2019.03.018
https://doi.org/10.19027/jai.21.2.186-197
https://doi.org/10.1016/j.aquaculture.2022.738542
https://doi.org/10.1007/978-3-030-98621-6_11
https://doi.org/10.1016/j.dci.2019.103469
https://doi.org/10.3389/fimmu.2020.00268
https://doi.org/10.1016/j.fsi.2014.12.007
https://doi.org/10.1007/978-3-030-98621-6_10
https://doi.org/10.1007/978-3-030-98621-6_10
http://dx.doi.org/10.30491/5.2.109
https://jmarmed.ir/article-1-402-en.html
http://www.tcpdf.org

