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Article Info ABSTRACT

Article type: Lactic acid bacteria are part of the typical intestinal flora of many
Full Length Research Paper  fijsh. The aim of this research was to isolate and identify lactic acid bacteria
with probiotic potential from adult Caspian white fish. For this purpose,

Article history: 30 pieces of adult white fish were caught from the Caspian Sea and sterile

Received: 08.10.2024 samples were taken from their intestines. The isolated lactic acid bacteria
Revised: 08.12.2024 were isolated and purified by phenotypic (gram staining, biochemical tests)
Accepted: 08.13.2024 and molecular methods. Then these bacteria were evaluated based on

salinity, pH, temperature and antibacterial activity against Aeromonas
hydrophila and Yersinia ruckeri. Following specialized tests, including

Keywords: L . . .

Lag?i,z acid bacteria cultivation in a MacConkey, MRS medium, and various pH levels,
Probiotic, this number was reduced to 9 confirmed strains. The probiotic potential of
Rutilus frissi kutum the remaining 9 bacteria was assessed at temperatures of 4, 20, and 40 °C,

as well as at salinities of 1%, 2%, 3%, and 4%. Additionally, their
antibacterial activity against A. hydrophila and Y. ruckeri were evaluated.
Ultimately, after performing tests to evaluate probiotic potential, four
isolates such as Aerococcus, Pediococcus pentosaceus (two isolates), and
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Lactococcus plantarum demonstrated the highest probiotic effectiveness
compared to the other isolates.

Cite this article: Hoseinifar, Seyed Hossein, Hoseini, Seyed Morteza, Taheri Mirghaed, Ali,
Ghelichpour, Melika, Shirzad-Aski, Hesamaddin, Van Doan, Hien, El-Haroun, Ehab,
Safari, Roghieh, Khanzadeh, Majid. 2026. Isolation and identification of lactic acid bacteria
with probiotic properties from the intestines of Caspian sea white fish (Rutilus frissi kutum).
Journal of Utilization and Cultivation of Aquatics, 15 (1), 111-124.

© The Author(s). Doi: 10.22069/japu.2024.22701.1895
By Publisher: Gorgan University of Agricultural Sciences and Natural Resources

Ny


https://doi.org/10.22069/japu.2024.22701.1895

OL5T (9595 9 891000 4 el
YYEo-£YVX i gls LLS

Ol gl () ol ale ezl
Iranian Ornamental Fish Society (IOFS) YYL0-SYAA o.’%i LLS

Yeionsin ol

M SHgrg R 29 b STY dl gl S Sl g g3l
(Rutilus frissi kutum) 43> b 40 wwiw Rl 089

13 - Yo Yo, .. Vi .,
‘,x@b@‘xbﬂdﬁ&y‘wﬁf@‘ J’W""W"’"‘?‘“
fesl30 dome g o a3, 0psl I Clasl N0lss O e (Kl 555 ol

;L)ijf Q;.ML CL.A 9 6})}&5 t}l& amb s ) de 9 CJ)’\MZ oSSl cQLiJ.:T L}i')jﬁ. B ‘),J\.ij c); ﬂd}:»v—w‘ eM}J .
hoseinifar@gau.ac.ir :4sLLl, .0l .1 0§

(s St OLpl s Dlids S S S pale DlidS de e (SIS S 5 sl (Sliis oLl
seyyedmorteza.hoseini@gmail.com :asCL1, .0l 51 (O 5

mirghaed@ut.ac.ir :asbLl, .ol ) Ol g (Ol o&isls (K puals 0dKls Ol T (olow 5 Cdlig 055

(s ol GLpl 3 Slides S 0 38 SOt ke Slides e ($35S s 5 Shigel Slids Olajle
m.ghelichpour@ut.ac.ir :4sLLl, .0l .1 0§

shirzad.hessam1364@gmail.com :asULl, .01zl O S OlkdS Sijy o she olK251s (g sie slacssloy Sliios S 50

63 Shes St Gosls S5 Bhl b Sl b Sl oKl (55,5188 a2l byl 5 sl pske o5
hien.d@cmu.ac.th :abll, bl (sl Sl (b Sl oKls (55,558 euLiils (FuncFeed)

elharoun@kysu.edu Mbu) - RR mJ.AL; gaJAG am\} LLS)')‘;L:.S oA ls «L;dlb QUJ}; e‘g; LJALA AiJ&? Qu.;ﬁ;& aK..:..:LG)T .

Q\J.l‘ gulfjf ‘QK; Lf’?'b tl..a 9 &)))L.:.S rjl& alfvi.’v‘) s ) .14::5& 9 QB’\?& a.&i&‘: ‘QLLJJT ujd)ﬁf-. 9 j_;ﬁ' a}jf .
fisheriessafari@yahoo.com :«.lL|,

9 U‘):'.‘ gdgﬁ gdg)? ﬁ-‘b CIL.A B ng)jl..‘:.s r)lﬁ AK...'TJB W) .}a::u: 9 C)M.:..Z oSSl ‘QLLJ.»I QI:)}Ji E) J:.:g; EJ; .
majidkhanzadeh92@yah00.com :asbbl, .ol Ol ol A sl Ol ols S5 sm laes sl 2 Limss 058

oS> Jlae Sl

N

ol 3 Ga s OLals Sl (65l 0335 Ui sk 51 o SV il sl Sk s g
S ol 5l (Sogmsn Olp b SV sl lagSL gLl 5 ilalir Jrasy ook Tl S U
b 3 e Wl oale andad Yo slans 5 lie s o JL Rutilus frissi kutum) (5
hor S sl (slags S As (5l paisad il s 4 0T 035, 51 5 Ao S5
s bt JiS3sm 5 (placdsm ot 0 8 $3al80)) (55 slatss by ol
b 5 s PH opd glaarls bl o g S cpl e LS (g5le )l
51 L, 5 (Aeromonas hydrophila) Slis e bz i/ ade oL SLas

Sl St a4 S 6 SLYY alus 07 31 § 13 oLl 5,5 (Yersinia ruckeri)

\ERAVAY-JAR :C.él:_)b @)U

VEAY/00/YY Zﬁ‘ﬁj @)U
VESYTRONY o pdy

Ny


mailto:hoseinifar@gau.ac.ir
mailto:seyyedmorteza.hoseini@gmail.com
mailto:mirghaed@ut.ac.ir
mailto:shirzad.hessam1364@gmail.com
mailto:hien.d@cmu.ac.th
mailto:elharoun@kysu.edu
mailto:fisheriessafari@yahoo.com
mailto:majidkhanzadeh92@yahoo.com

SMRS ( S5 Lo 53 CiS il mass gla ialosl 5l L 45 L SSY ded (IS slassly
sl 3L o SL A Sosmsn Oy oLl gl . cdl 2alS o sL 4 & il lapH SISV el gl S
TS AN VRGN PE RPN TSP P (i 00 EOPSYN P [ g IPPSSTSS S DR ST P PR S
plonil 31 Ll 3 ki S 513 bl 3)se (65T b 5 i b ulises i e S0 e
sl o 555G (ABTOCOCCUS) v 3575575 1 Aile aplidor £ Ssms Ol slaiales]
(Lactococcus plantarum) Pl S S5Y 5 (4l Y) (Pediococcus pentosaceus)

Al 1 baalder sl a4 Cond (SSsms 0 Ol p 5 e

e 1 Olg (g el o Sl 0l; 503 dSle ygald e il e (5ol ¢ B 50 s (G > s B G 0]
N Ssman Sio b SESY sl Sl 2L plolid 5 silulazr (VF20) sume ool ad) b Sloal el ]
ANAYE DV bpl g 5 sl me o 4 o2 RULilUS frissi kutum) 35 sl js awis ale 004,
Doi: 10.22069/japu.2024.22701.1895

ulf..b......y@ OB S b mlio 5 (55,08 pgle olKils 1,50

ARk


https://doi.org/10.22069/japu.2024.22701.1895

Ol o2 g J8 dwns oo o [ een SESY sl (55U (Lol g g 5Lwlas

5 LS 0 s e Sl ae slags SL
e O a3 o A2 63l Lo sag S«
ol SN Al A5 500 S S 5 1
e &S L o alS e L;LAO,_.JJ Las
a5l 5 bl sl st o Sl o
S 0 S s 5 nl e de (V) 35 s
Sy ik Sl 5 LS e sy 3l | ey,
SaS O3l iy 4 (Soa SiRe 3l ge &y oo 23
FopeedS Sl e LSS S
3 e e o wen gy 55l 5 e ol (el
oA o adS e 5 Ll CleS ol
Slpea Ol on 1 S s 2 conl e (V) s o
Gl Obpl ol gle o 55 sl S350
o3l ol Saidn S wan Sl 2l
W) s s

WSS by odd o2l llpe 4 a5 L
3 odemy mal g Sl ke Glags ;SL (3l o5 50l
ol b s el 0 s Dl 05 S0 S
o Bl B 5 b Oleys s bS5
S 2,8 o ) B eslinal 350 ale s34, 5 S
ool s a4 SV el glag SL ke cpl o
Q) ttes ool (&3l sl YL

s (Rutilus frisii kutum) 5> diw ale
0SS s o sl e gl S
s Al bl el 3 sl s sla abe
rebie Gl 3L o pab 5 e ci S il
Lo Slp bl g josme S S w5 2l
Qi b S bl 5100 cl eds LS
D3 o sbos Olele SLEN cld s 6o
O GLus 03 s (Gl pd 5 ST (gl ol
Sy il ol 15 e WK s Sl eslinud
Gl lae b agrlpe 53 el e a0

ool s ol 5l s () 553 Lo 550,

Vo

EVRT

GRIPN e s ale s slae s LSS

5 Olpl Glalan 5 ol 4 byse OIS
@olasl OL5 5 ar g B e 5 S OF Jlise
el sds g5 pspl OS5 gl o5 LG
23 Solew O 5 gl 4 sy el
S kb Bl cedls Gl b sl oy
S ran Gl Sl SV pae sl e o
Lo Yo Jlo U syl mibe 5 Sl 0L
Ly (V) a1 Gl A o 33
NV g sl e Ol So 0] old it
2ol Glesed axe s s, booles (sl
Slp Lk ol sy5e 5o lash Sl
ol gt &S o ST Al e slagslen
2ale gl Sop Bl Sl s gl 0
e 3 S Glays sla Jeely iS5 el O
Eosnsyl Same Sl Vs glul 5 el
S G ST sy Al e Dl
Sl sl Gt 5 S g
polis Slacs SU 5 5550 5o e Jilew
Ol ol 53 (7)) Lledds 5 9da L § 5o ol @
S Ulpea LSS gms sl oME w3 s
N BV P e u g PR W AR W)
S Ssmsn @l osba Sl el slely
LS o oA eslinal 3550 o5l 53 ol
Ll i ol 4 g L odcpl LO(E)
WCiS lae e 0 S 5SSV (S5
Llesss (928 aden ol LSS s
5 bl el (gdls ol el
orar O Ghe Ol b b e (ST e
das o Ly o3l ol S sms 4 oS (s S AST
Obje (S5dpmpd Bl h 5 lame Ll 5 L 20 U

O3, e OV L LSS (0) Xss 5L



V€40 4o ¢) o lowd (10 5,95 3L 3T 593 9 (5510 320 53 A i

e Luld s b SL oA, S8, 5l bl
335 s Sl a5 ops el il
Loy sy S OF) A5 aslizal (Y2)4) 0,0
Yo i) coslae gles Vs SasVaal slags SU
Ay Sk, Lol A, Lk, 5 S Sl ax s £
i glagyss se SISV dd glags SL
A pll NaCl 3l eslizal L (doys 8 5 Y Y )
Sl e gl 1 ab S S el L)
5 Mdabs olises i e balis L SL As
3 993 by el ans s 3l 5D b
53 .08) L3 eslizal ks SKIL (Yert) O Kan
sles 5o Dl lae 3 gben slag SU
ST Rt W FGINVA LIV IV § ANGSR VIR TSR i
BHI Lo 4 G35 iS5l doys ¥ liie O 5
5L S wlol ax s 10 gles s Olde ans BT
Sl Ve w5 L ble Sy o b
ol it e b ol 3L ool Lo o
Sabr i Sl e 250 Sl oy 4 gl
SVl g 8L Ky ol den jw Law s
d K ook MRS cliS bow s &S
iy ol S le a5 YV sles > (Overnight)
JMEe @y 04 gy 5la 51 ey 5 A el a3l
MLl 5 5w,y LSalr 5o 2l S T
YE 5 L Arlms A pde dla ol b s
W s TV Gles s asdy IS wlbsp S cela
s (6 S eIl ey go Ly phe Jla

Cewdty b gSY Gl SL 88 plulis
53 S0 0ed 4 alerd s Slallas I ol
J2 s by sy slas sL DNA L
Lol oot 5 L S el el 55 —p 3508
wlsl 53 (10) U ews Ol s by
oo il i G 5IPCR 2l a6l
oSy sl SL plabs gl e St

RN

So At aleoeagy Lo gla SL A4S 5 WS

Al (S gms p o5l oLy a5 AL e

g, g dlge
Sl sl WSSV Al slag SU (g5l

S b Olale e, I SVl slags S
eslind Pl S L (1)) 0L 5 Al
Sbos At Wl Olale jske pl 6l (VY) A
ankad Yo slaad) Lo 5l o 1 e BBl 5
deye 0 53 W SAS VO B 5y 4 b
b3l & sl anr S8 @ (Gl pai g
Jizs (U8 3 anbs il 5 (53,5558 o she olS2i0)
S s ale S o kol 51 gy 3
V.i.io:;;lfm.(-l.\é\ Ll Loyl 5 53 cas s Ve
Sl gms adss 5 LS50 w35, 03500 M (aLs
0355 s o glal o a (g ptnad 5 O
p_f Vo ool 5ok O3y eessy IS e A2
B L e P JARRIETS S TS
S, 4 Sl G D ag ) w5 LAl
Lo 65, S5, a5l 2y S Ve s e
SVl glas 8L oluldr olant] cis
¥l el e as oS (MRS)
Solsa o kil s s el A1 e @ :\J_fgzjl..a
Sl el A1 5l o Lus I8l Df
ShLsg s S Al ClS s (55wl 07
S aS Wsg by ase o) 31 alis VN sl ol
Sdoee CiS Gl e Ldd aliS LS tass
SISV Al sl st 4 S S laalie
Lag Al Sl Okl Cex 05 el
el Sidsise o e s LS

Al s st
ogrd & bl (Samsn s Sns b



Oy50 9 3 s Cpmas dpaw [ o SISV Sl (Sl 5L loliad g (g5l

a0 5 Lks 5 (Rl kS el
Lo L3S ) 2 MegaX Jlile 5 Lo s
Slisas NCBI-BLAST il ooy 5l eslina
o 5 ok sy Sl SLasls L LUK e

A esls Lasis sl

L3 oslinsl 53 5 4 16S TRNA 05 25 sl
J5 50 » PCR mls ) 5l g () Jsdx)
oo a JF e S baaised 5 Kl
LS Il Ol 5o 0 ple S8 4 b
¢l5- sla sl Tl (JIg s el Sl e

20 5 A ) » Chromas il 5 Lo

WSS Al 56 L Gadlts G o ks eslinul e sl -V Jgde
Table 1. Primers used to identify LAB.
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Figure 1. Gram staining and catalase test to confirm the purity of isolates.
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Table 2. Results of biochemical tests for the separation of lactic acid bacteria.

pH 4/t PH £/8 MRS 10 °C MRS 1o °C ST S te
MacConkey Agar Strains
+ + + + + 1
- - - - - 2
- + + + + 3
+ + + + + 4
+ - - - + 5
+ + + + - 6
+ + - + +
- - + + + 8
+ + + + + 9
- - - - - 10
+ + + + + 11
- - - + - 12
- - - + - 13
+ + + + + 14
+ - - + - 15
+ + + + + 16
- - + + + 17
+ + + + + 18
+ + - + - 19
- - + + + 20
+ + + + + 21
+ + + + + 22
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Table 3. Results of growth or lack of growth of lactic acid bacteria isolated from the intestines of white fish to
investigate probiotic potency.

Soss Sos Soss o 3 e 3 e e et gles

Aoyt Lo Y Aoss ¥ WSt Temperature ~ Temperature ~ Temperature w{.y
Salinity 4%  Salinity 3%  Salinity 2%  Salinity 1% 40°C 20°C 4°C Strains
+ + + + + + + 1
- - + + + + - 4
+ + + + + + + 9
+ + + + + + + 11
- - + + + + - 14
+ + + + + + + 16
3 _ + + + + - 18
- - + + + + + 21
+ + + + + + + 22
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Table 4. Antibacterial activity (zone of inhibition) of isolates obtained from the intestinal microbiota of
Caspian whitefish.

Y. ruckeri A. hydrophila
a.)\.,.l.uv,':;;- aJ\...I:Q,':.';- o.L,.L.uJ';'p- b.)u\.:l‘;':.?- Strains
Not neutralized Neutralized Not neutralized Neutralized
11.98 10.23 10.49 9.32 1
8.82 - 11.17 11.42 9
11.18 11.87 11.60 11.36 11
12.15 9.12 11.52 11.81 16
11.95 12.21 11.58 11.12 22
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KJ649285.1 Pediococcus pentosaceus strain LI05 16S ribosomal RNA gene partial sequence

KC142151.1 Pediococcus pentosaceus strain NJ19 16S ribosomal RNA gene partial sequence

ON495586.1 Pediococcus pentosaceus strain CIBAPB9 16S ribosomal RNA gene partial sequence

§3: Pediococcus pentosaceus

$§2: Pediococcus pentosaceus

MZ497349 1 Pediococcus pentosaceus strain ZJ13 16S ribosomal RNA gene partial sequence

LC258161.1 Pediococcus claussenii gene for 16S ribosomal RNA partial sequence strain: JCM 18046

LC145572.1 Pediococcus inopinatus gene for 16S ribosomal RNA partial sequence strain: JCM 12518

AY956789.2 Pediococcus ethanolidurans strain Z-9 16S ribosomal RNA gene partial sequence

LC258134.1 Pediococcus cellicola gene for 16S ribosomal RNA partial sequence strain: JCM 14152

AY956788.1 Pediococcus cellicola strain Z-8 16S ribosomal RNA gene partial sequence

FJ377712.1 Lactobacillus plantarum subsp. plantarum strain RSD12 16S ribosomal RNA gene partial sequence

1 S4: Lactobacillus plantarum HS ]
MH271624.1 Lactiplantibacillus plantarum subsp. plantarum strain MI89 E 16S ribosomal RNA gene partial sequence

% MH271623.1 Lactiplantibacillus plantarum subsp. plantarum strain SAE33aE 16S ribosomal RNA gene partial sequence

8 LC064896.1 Lactobacillus plantarum subsp. plantarum gene for 16S ribosomal RNA partial sequence strain: JCM 1149

KY010411.1 Enterococcus lactis strain SYB-B 16S ribosomal RNA gene partial sequence

MT502756.1 Aerococcus viridans strain HDS1 16S ribosomal RNA gene partial sequence

MT515807.1 Aerococcus sp. strain NB60 16S ribosomal RNA gene partial sequence

MT269524 1 Aerococcus urinaeequi strain H3 16S ribosomal RNA gene partial sequence

69 MN923390.1 Aerococcus sp. strain SI25 16S ribosomal RNA gene partial sequence
Ans e 0L 16S TRNA gl 155 51 oslital b (SaSY doul slaty g S35k w3 Y S
Figure 2. Phylogenetic tree showing lactic acid strains using 16S rRNA sequences.

Lo JUgladd W5 Gosb SIPH o s
s & 018 sy Gl sladle s .(04) el
g AL U Lles g 555 GbSS s n (Bome
ol 5 laale o3y, s nIBl oLl
by St S| 5 bl slapsil s Sn
Ol o g08 Codls 05Dl a5 ol 0l LSLES
slge Dl ean slaanl s s bl 18 (g3
3 g ddy (V) S e el ol gl 5 sdae
S S 4 sl sl 4 b ale g1 o
ol Sl Sl Gl e Sl 20ls (Ko Sleass
b 5 il (SSsesn ) deie Glacs S
Sl S 55 3 ok ol (S5, WL
Vsane sl o5 eslizad sy 5L 55 55 5
b oalo e b 5 Ul 5 il Gl 3G
lin 5 SIS 5l b () Wl =l

Cosl 4 e Olge 4 atdly LSS5

VY

Sosnsil 53 b gmsn Sl eslimal ojg 0l

Sl sl 5 Sl odd il g 55 BB sk
r GO S S s e D el
OV 51 s e 0l sl 51 L ale
S 0B Use (glle SLSS e L
WSy ol 13 sbess | e abe e,
Olpsa & s glodiy  glapuslEls S
e Ol s Wi e LS ol sla s
OA) Lol (LD Ol a3, 5 cwdl
wily 5l Gas 65 Ll b
b oaS o SeS ol w85kl 1o sl
2 eSSy ey, e SUses S LS
GaSeds S LS e s Ol
a5 T il ikie olse A5 4 bS5

5 s, aaiasd day Bt iy S



Ol o2 g J8 dwns oo o [ een SESY sl (55U (Lol g g 5Lwlas

Sl s SL pl (Ssmsn VL Ol 5l Ol &S
sy (VYY) OKas 5 Law ST .(F)
(rssSY 5 rpleoelisSY e s 550,5) SSY Ao
> Puntioplites waandersi  _ale 5l ol lus
30 X slag,sd 580 5 Y0 N0 Gla )l ax s
rl L35 oS 5 Lsls 518 bl asse o Y
s Lol s Al Ul LSS s
PV syl | caises slag g

L el Sy 0L sl gl Vel dle s
Ll golen sbag 8L ads Sis jlee conls
ol e OF Y s 318 ebges 5T s
LU e U Voo R P ¥ P S R P VR ¥ P
350 005, 3hedd Gl SL (SSgmsn Ol
OV wldr b ol adlas 303 S I3 w s
olsog T ade GL S caols glls YY 501
J Qa5 Loy (5] Lier 5 Sldasdes
aalsl 51 (65T, L ade A, Al |55 ple
ool L C,L.J Sllse a4 A Gl oLl
s g ale Sl el e glag S L Sbas
33 sl s sl O, ruber (i 1) o g
s A s sl s e (ula
eSS el o 5 Yl st 5 s st sl
IR eon s pa S pak S 5 by
W Ol S s nl 5 A3 1S 5 23S
V) wls sdd S5 glag,SLowd;, Hlee o
Al S gy ST laallas o Nl
Sldgsbs  polises il sl SLade SV
Bl e G JES) Sl s el
zE wB S s sibesl 3,5 P. waandersi
by sV sl S5 a5 Lsls 0L
Lol 1y el oL Glisslen slag S A, Sl
.("Y)

DA

SaS Ol Sl 25 4 5 o Sl ot
Olye a4 LAXE pre obsl gl S
w5 ks ol gl L S
blE Ol sl 035 B olen 8 Jold o5 52
L 5 aSslr s osllasl sl S b 2B,
(YY) s 6355 pgektyl & Odermr kB 5 WO
Soy At Al 168U a s boaslllae (ol o
Jela s il sSl 5 gla S e
SIS IY 5 stenlsly s sSo e sSST
balir 5ot ol allas sy ol
Aot 2o 03 514 s g SN el slas 8L
S S b mls Sl 4 s W 5 sl
2l (7)o dde b 51 SSY d
s ol slaale «(Y¢) Puntius sophore
(e 5 IS Jsame 558 QLS 555, VIU )
«(Y\) «(Arius thalassinus) _ala S «(Y0)
Otolithes ruber i 14>) ;53 Ol sla als
Solo e Ale 5 (V) (gala 5 2L3 ol ot ale
Lok $5laltr 55 (YA)
S o o SL A SIY dsdr w5 L
3 by o bt Soesn 05 L)
5 baaz ), Al Ol8 8L 0 e slags ) 5
g Lo gl b e 3l 1 0 ile3T (g 5
5 ol a5 edd il S Salslen
BB S S ey 2y ilite gla)sd
Sl = a5 Sl &S sl ol
AT d ) ops s (a=y5 00 f0 T No)
Glas SL s (YA) 3 5 0l o5 4 (ho)s
S i S sSY) SeSY A
G55 3l odd I ()l e sSsS5Y 5 IS

> (Macrobrachium rosenbergii) .. .o of
‘Y A)dlﬁé)}.&} (4?).) 0 ji' 4‘“' 4*' 4\')[.&‘.».)

m\b J?};L}JL; M);d:}w(w)b-\_}o 42 J"



V€40 4o ¢) o lowd (10 5,95 3L 3T 593 9 (5510 320 53 A i

PR
J'Sja .12.\»}3 ol 4.7‘)\ L;Ln CA”L@- )\ QKJ\-WVJ"‘}J

r\?u" Sy Mallip le g, Kan 5 Olallas

S e ST hags ol

o le
k;-w‘ e.Lju wﬂla JLLJlJ:; &Lp

1.Beltran, J. M. G., & Esteban, M. A.
(2022). Nature-identical compounds as
feed additives in aquaculture. Fish &
Shellfish Immunology, 123, 409-416.

2.Imtiaz, N., Anwar, Z., Waiho, K., Shi, C.,
Mu, C., Wang, C., & Qingyang, W.
(2024). A review on aquaculture adaptation
for fish treatment from antibiotic to vaccine
prophylaxis. Aquaculture
International, 32(3), 2643-2668.

3.Liu, X., Sun, W., Zhang, Y., Zhou, Y.,
Xu, J., Gao, X,, ... & Zhang, X. (2020).
Impact of Aeromonas hydrophila and
infectious spleen and kidney necrosis
virus infections on susceptibility and host
immune response in Chinese perch
(Siniperca chuatsi). Fish & Shellfish
Immunology, 105, 117-125.

4.Dawood, M. A., Magouz, F. I., Salem,
M. F., Elbialy, Z. I., & Abdel-Daim,
H. A. (2020). Synergetic effects of
Lactobacillus plantarum and B-glucan on
digestive enzyme activity, intestinal
morphology, growth, fatty acid, and
glucose-related gene expression  of
genetically improved farmed tilapia.
Probiotics and Antimicrobial proteins,
12, 389-399.

5.Ringg, E., Van Doan, H., Lee, S. H,
Soltani, M., Hoseinifar, S. H.,
Harikrishnan, R., & Song, S. K. (2020).

\YYy

8 325 4o

S 55 St Oy e ol adlas

o sSSa T Jals e ale ey, Sl alas f
pldl sSSSY s staln L
e 2 YL DL (SSY sl glags SL)
5l ey ST ade  isslen lags St
LS o 1 sy 5 bles Sl nps cich
ool Glawlis 5 edd S5 e Shy 4 ax g
e Jeln o e ol ey, Sl (SSY

Probiotics, lactic acid bacteria and bacilli:
interesting supplementation for aquaculture.
Journal of applied microbiology,
129(1), 116-136.

6.Kwoji, I. D., Aiyegoro, O. A., Okpeku,
M., & Adeleke, M. A. (2021). Multi-
strain probiotics: synergy among isolates
enhances biological activities. Biology,
10(4), 322.

7.Mondal, S., Mondal, D., Mondal, T., &
Malik, J. (2022). Application of probiotic
bacteria for the management of fish health
in aquaculture. In Bacterial Fish Diseases
(pp. 351-378). Academic Press.

8.Kim, M. G., Lim, H., Lee, B. J., Hur,
S. W, Lee, S., Kim, K. W., & Lee, K. J.
(2020). Replacing fish meal with a
mixture of plant and animal protein
sources in the diets of juvenile olive
flounder Paralichthys olivaceus. Korean
Journal of Fisheries and Aquatic
Sciences, 53(4), 577-582.

9Jiang, S., Cai, L., Lv, L, & Li, L.
(2021). Pediococcus pentosaceus, a future
additive or probiotic candidate. Microbial
Cell Factories, 20, 1-14.

10.Rahbar, M., Khoshkholgh, M., &
Nazari, S. (2023). Population structure
of Caspian Kutum (Rutilus frisii,
Nordmann, 1840) in the southern coast
of Caspian Sea using genome-wide



Ol o2 g J8 dwns oo o [ een SESY sl (55U (Lol g g 5Lwlas

single nucleotide polymorphism markers.
Fisheries Research, 257, 106499.

11.Tarkhani, R., Imani, A., Hoseinifar,
S. H., Moghanlou, K. S., & Manaffar, R.
(2020). The effects of host-associated
Enterococcus faecium CGMCCL1. 2136
on serum immune parameters, digestive
enzymes activity and growth
performance of the Caspian roach
(Rutilus rutilus caspicus) fingerlings.
Aquaculture, 519, 734741.

12.Merrifield, D. L., Bradley, G., Harper,
G. M., Baker, R. T. M., Munn, C. B., &
Davies, S. J. (2011). Assessment of the
effects of vegetative and lyophilized
Pediococcus acidilactici on growth, feed
utilization, intestinal colonization and
health parameters of rainbow trout
(Oncorhynchus  mykiss ~ Walbaum).
Aguaculture Nutrition, 17(1), 73-79.

13.Wu, C. C,, Liu, C. H,, Chang, Y. P., &
Hsieh, S. L. (2010). Effects of hot-water
extract of Toona sinensis on immune
response and resistance to Aeromonas
hydrophila in Oreochromis mossambicus.
Fish &  shellfish immunology,
29(2), 258-263.

14.Duc, L. H., Hong, H. A., Barbosa, T. M.,
Henriques, A. O., & Cutting, S. M.
(2004). Characterization of Bacillus
probiotics available for human use.
Applied and environmental microbiology,
70(4), 2161-2171.

15.Marmur, J. (1961). A procedure for the
isolation of deoxyribonucleic acid from
micro-organisms. Journal of molecular
biology, 3(2), 208-IN1.

16.Chauhan, A., & Singh, R. (2019).
Probiotics in aquaculture: a promising
emerging alternative approach. Symbiosis,
77(2), 99-113.

17.Moroni, F., Naya-Catala, F., Piazzon,
M. C., Rimoldi, S., Calduch-Giner, J.,
Giardini, A., ... & Terova, G. (2021).
The  effects of  nisin-producing
Lactococcus lactis strain  used as
probiotic on gilthead sea bream (Sparus
aurata) growth, gut microbiota, and
transcriptional response. Frontiers in
Marine Science, 8, 659519.

y\y

18.Vijayabaskar, P., & Somasundaram,
S. T. (2008). Isolation of bacteriocin
producing lactic acid bacteria from fish
gut and probiotic activity against
common fresh water fish pathogen
Aeromonas hydrophila. Biotechnology,
7(1), 124-128.

19.Kolochani, M. K., Mousavi, S. M.,
Zamani, l., Yavari, V., & Zakeri, M.
(2022). Isolation and identification of
lactic acid bacteria and yeasts with
probiotic ability from the intestine of
gilthead seabream. Iran Vet J, 18.

20.Nayak, S. K. (2010). Role of
gastrointestinal microbiota in fish.
Aquaculture research, 41(11), 1553-1573.

21.Kuebutornye, F. K., Lu, Y., Abarike,
E. D., Wang, Z., Li, Y., & Sakyi, M. E.
(2020). In vitro assessment of the
probiotic  characteristics of three
Bacillus species from the gut of
Nile tilapia, Oreochromis niloticus.
Probiotics and antimicrobial proteins,
12, 412-424.

22.Talpur, A. D., Memon, A. J., Khan,
M. 1., Ikhwanuddin, M., Daniel, M. D.,
& Abol-Munafi, A. B. (2012). Isolation
and screening of lactic acid bacteria
from the gut of blue swimming crab, P.
pelagicus, an in vitro inhibition assay
and small scale in vivo model for
validation of isolates as probiotics.
Journal of Fisheries and Aquatic
Science, 7(1), 1.

23.Hoseinifar, S. H., Hoseini, S. M., Taheri
Mirghaed, A., Ghelichpour, M., Aski,
H. S., Doan, H. V., ... & Khanzadeh, M.
Comparison of the effects of
host-associated  (autochthonous)  and
commercial  probiotics on immune
responses, growth parameters and
intestinal microbiota of Caspian whitefish
(Rutilus frisii kutum) fry. Frontiers in
Marine Science, 11, 1446927.

24.Gupta, S., Mohanty, U., & Majumdar,
R. K. (2021). Isolation and characterization
of lactic acid bacteria from traditional
fermented fish product Shidal of India
with reference to their probiotic
potential. Lwt, 146, 111641.



V€40 4o ¢) o lowd (10 5,95 3L 3T 593 9 (5510 320 53 A i

25.Hanol Bektas, Z. (2020). Identification
and probiotic properties of lactic acid
bacterial isolated from freshwater fish.
Iranian Journal of Fisheries Sciences,
19(4), 1795-1807.

26.Karyantina, M., Anggrahini, S., Utami,
T., & Rahayu, E. S. (2020). Moderate
halophilic lactic acid bacteria from
Jambal roti: a traditional fermented fish
of central Java, Indonesia. Journal of
Aguatic Food Product Technology,
29(10), 990-1000.

27.Mazlumi, A., Panahi, B., Hejazi, M. A,,
& Nami, Y. (2022). Probiotic potential
characterization and clustering using
unsupervised algorithms of lactic acid
bacteria from saltwater fish samples.
Scientific Reports, 12(1), 11952.

28.Kong, Y., Li, M., Li, R., Shan, X., &
Wang, G. (2020). Evaluation of
cholesterol  lowering property and
antibacterial activity of two potential
lactic acid bacteria isolated from the
intestine of snakehead fish (Channa
argus). Aquaculture Reports, 17, 100342.

\ve

29.Majumdar, R. K., & Gupta, S. (2020).

Isolation, identification and characterization
of Staphylococcus sp. from Indian ethnic
fermented fish product. Letters in
Applied Microbiology, 71(4), 359-368.

30.Mohamad, N., Manan, H., Sallehhuddin,

M., Musa, N., & Ikhwanuddin, M.
(2020). Screening of Lactic Acid
Bacteria isolated from giant freshwater
prawn (Macrobrachium rosenbergii) as
potential probiotics. Aquaculture Reports,
18, 100523.

31.Agustina, A., Saptiani, G., & Hardi,

E. H. (2022). Isolation and identification
of potential lactic acid bacteria as
probiotics from the intestines of repang
fish (Puntioplites waandersi).
Aquaculture, Aquarium, Conservation &
Legislation, 15(1), 24-33.

32.0choa-Solano, J. L., & Olmos-Soto, J.

(2006). The functional property of
Bacillus  for  shrimp  feeds. Food
microbiology, 23(6), 519-525.



