N-YE /VEF o ] BY o)l [ emin Jlo

Sloal asly oMl 331 ol&isly /OB (g59lgmaST 4y puis

2T 05 hido GBS yu by (i 22 5 i 39 Wl (53 5500 4l i
b 40 157 01550 5 T (S5 55 0515 0T (alosga s iy 5l e
(Huso huso) w39 3 o

|l 9 pmmro
Y oS E 9 010
T8 )l 392ne
TSl dices

oyl 9 Slades She bl g b 0g)S
Wlaiss ol (WS il b mlie g (gj)gliS”
olel ey (55,9158 @ 5 Gbeel

dywdsogo (b mlie 00Ul @b 05,5 Y
uM..f oKl

OByl pole 0aSily wlidCums) 09,5 Y
oS

Ql‘h’;lsb J s b . “93 #*
dr.keysami(@gmail.com

VEF/ NS el ) o )b
VEX/- MY 2oy o,

255 (558 4ol ()bl Jl 48 )5y dlie
b golie oISl 3l pwli pyy 4L,
sl S oSG

LXVOCS

b Gl (S » ol (5,5 dilisee (e o b )p Bin b G5
Bacillus licheniformis) St oSy 3l il e » JolodoYcbale I ol
s Nitrosomonas europaea Corynebacterium ammoniagenes
WS da ale 15y ol olows oo b sl it p o 1 o (Nitrobacter winogradskyi
ool S5 3 VY Lo spe)0 b 55 N0 M 3 mle L lsS olStss 5 o (elmgs ST,
2 (LSS Y plaSy0) 4ali Vg jlog ¥ b plsl (WS (B S8 1o (b Ghjsel 350
Jib agm add Ve o815y caSopie ofF (S e b 150x0X01) Lapgy)lsST
Sog o) Wiy ST GaaS b agh 1ol (o by log Jolis (HuUsO huso) e
bash e /NY (oo bpges Jlos 9 )L Y &gy Ol (50,5 L agh el oA o b pgd
ol S iy (3,5 Leash oz [ooF o b o seld e 9 5L Y Wiy, Ol 05
lgn b g joy 5 b Ymolie 08 el i 2l g0ty by 0d 4 Cluy
@ p)S FOIVEOANY huwgie 0 b plale dd (39381 | g 5oy ¥ g a8)Splosl LSy
w2 (ke 5 Joko) Vo s b Bile (gilings ©pg0a (551 ¥ 5l (sl dapsy ST
b geadll idgy 0 030 4118 il cpl Dl (29)3 Jore )3 & ool e T slayilidgn
A 2oyl (St & s b alo a1y slaasld g g« 5 St «Slogel ol
9 4ligy lie pli cped Sy O3l 3 29290 pliale b p den (g 5k S din
oo (b Sk a8 il laclale b jlog atin ¥l 0)5 Cd g S ojll (s
e aloil 0)93 Joo 53 (P<e/+0) 552 Jl3 e a5 ctlesl (sl jlon el S’ B33
Sy etalof] slos a3 g ol Bl gy aald e )3 it 5 oy «Slogal )38t PH
sl a3l dald 4y Caws jles )0 039 Ay o b 5 (159 il il doys iy Lials
2 P<eL0) 22y ctlof] (glajlass @ s 2aLS o )3 2liE b5 cops wSep
(P> /40) cudlss dgmg bl o 6yl sne (6 olol BN Kosad b ool (gl )lous Al
2 Jsbe VY cBle b ildgn p3 s e (Suie (b Sk oS 5 el cal elel 2 calnl
sobatods (29 Gl oS 2900 5 4kl gl ) ¥ ) (bl (slajlos 5 Gy 1) e
285 s )3 ale 8 (hyon Ele 4 ST G5, g da5me 3lizd

Ay gl asls o ale b ool cuaSt T (53,55l w1608 519

o

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

G A5y anl (£3906 Sls B9 5 3 dse 15 oo e Sl (o Ulsis 4 Soancs ] Coxbio dng e G L

S bzl Ghsn by £ 9 Cande 4 dag gy ol il sl andls Jos 4 3] laJls 3 ) e (sl Sl (s055]
sl oS o ) 23y sl L & (g E)l3e ooy BTl sl dnmst ol (5955 olS Aty Sl Cansjlas |
ol (Pourasadi ef al., 2025) cusl Jlgld cusnl s il canjlasme 4 oliwd cas ygpsil ool Copie
S g lad ¢ Sl Blao 1) gz 4 3] slaJls 13 g 03l )8 sags 390 1y Sl S olod 008 Ol 2518 Sl
ol ol cuaS 5 cusS cusal G gy9 il aie 5l (Ghosh et al., 2017) cowl o3 0055 4 g (ouldl Sl g

AR


mailto:dr.keysami@gmail.com
https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

by (lod S by (ale ()9 el Mg il (iomed g Cadlw 5 0 sl (gmen (e (bl sladis
(Ghosh et al., 2017) el ors aob (i50 cpl Yl g - lawase

a9t S5 M slabyy cnytte el (505 5 dtuylie o Lo )5iS 53 o 59108 g cadlil bl s s > &
ui‘;)lﬁ M])B 3 ] ey (Solb> PPIRE =YL aw 51 oolatul Jolis &g olale (g)lw .&.Jy g oo slaels &Hbsls lals
Sligel bdes 355,25 OS5 o)l gy i 1 5 33,5 0 355 15 Slgo plgie 4 (1) auSlie 5 o «Whamg S 5 22
sl g adai gy el sla g, (Rafatnezhad er al., 2008; Kolarevic et al., 2014; Huang et al., 2020) ¢l
ol lglp Jlail sbaus bl b (s slojild (i) gy 0 ) 32 53 Uhyen slabame 10 i g Sligel o
4 posgel i 3 (Silon (milipns] Jold dodl joboy gl i Nigd o (Sl By g sl Sl ) S pe S
Nitrobacter g Nitrosomonas sl pesgel 0358 1S (g 5iSb dlowg 4 als yo 93 )3 (ST ol cowl Slyis ¢y 9 oy
bl lale oygp e 13 Sligel 55 o0 .(Hollocher ez al., 1981; Robles-Porchas et al., 2020) 5,5 o & 90
ol ilizee (2)lgs Lald g (b Sufelgn 8 Larlpd 2 sl Gl s 35 057 p3lie 53 (hyg 0)93 (SYsb (loj 4 d2gi L
el (9 (B e 855 oo )8 o3l )50 (liale Ag5 (gl (Al (Slapunes 9d e S HLgls 5 CubsS CudeS )
Sl 5 ()55 ol2) 3k wius 53 ol ol 1 & sl (9399 O 3l oolatl Slabs g iz slie 1 S Slaptin 3k
A yo LSJ LQ(\J £99)9 ui c)Lv L;u.))a)) dlﬁw 2 .(Timmons et al., 2002) Cowl 045 u.J):u (u..uj).) u]) w.))f)l) 6)9);‘_5).:1
D55 o g0y et (b s 5 XS 0 (5055 s (390 Sl (553,53l (Slaptes 53 Lol 255 o 41,5 0olitl 3,0
5 (85 ol & powgo (il 1) md (03,55l s 93 42 392 90 (Slasiuas sl ly g 69l 08 o bl 2 45295 0 dydas
2 om0l 3 ks phele (yen el ogy (Lal et al., 2024) 8gd o shumpeds (a1 o) Jo 5355k
o8l Ll s LIS @ Lol 30,5 oo ookl b w51 5L 390 Ol el (sl Bdes g Cunl o g oM y0ld g o cladsmigs
g e gune Sig sl Cxio )3 58 35 Slabs) it ) (59,5 5 4 St 09SOl 29108 5 0l

oSl By 5l oozl b oS cosl il ales ) ol aobie gilotig sbiteds o slolame i) Mol Si3 )b
5 oyt « (Bacillus sp.) wshwl 33l oSl ohigar o 03 (5ymS & gy gyl ool S50 b 985
b glite claolSad b dygp bl g b ySL 5l pdm cute w3 (Frozza er al., 2021) sy pb olgs o |y wligog s i
Ol ad) 3 Sles Sl izem g icsslon olse b oj)le 5 (6 Sy dal (g e aliond 5 (S slo o)l (gjlodinge
olio ;0 Lbe (lapuslS)lg oo 5l eslazwl (Dutta ef al., 2018)cul ois Lol S yliiste lawss (6 yluw Sl 3 ¢ gy
9 Sgn Bl 51 (b oz (> g 005 4B (o oy (Kb (B 9 Oloyd sl laislen o e sglaieds (590055
ol 5l o 5 Bios 5,1 455 VEA (Y+V+) o) sTung Pang .(Yegane ef al., 2021) ool 4l baosiiS isis s
b oS ond (gilulis slaSU 5l 665 gy wyp b ol 53,8 5)l5S (Carassius auratus) joes plo > 1y Cute p)5
Jolge 5l glosind cabo b oyl 5 wglae Oluy K VU lgicas |y Bacillus thuringiensis 45 wizily Yi oSl
G 316 3538 bl yols 08 (515 YU (slod g ol PH e 5l conliol gt jlame Jalge 4y pglio 5 (alo (sl
Mbo SluS 5 Mg (hie dlge Byme ,d oy o) ) (il IS g el Gguy g ol 4 Jlasl (S5 e Cuxdg dguo
Slodg) sl sl g 292 90 oMo Lai> &y (el s S458 g (a3 S T S8 5 055 (o368 9 02 Slospnl dopolizg o 51)
Cgw) 9 uT ‘_5.59)5\«) Cuxo> J.)l:u d)lmw 90 d)?ﬁd)’] PO Lm(j )I ol (KOlb et al., 2019) JuJLoJ S8 J.)l&ub
.(Talukdar et al., 2016) —\JLQJL;O .)bu‘ Lmu] ;La; 9 Ay ‘) ‘_5.:91]40 )Lymj u‘y;b 9 [ XW) @)9)3‘ L;Lb)bv.w)‘

VY


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

N-YE /VEF o ] BY o)l [ emin Jlo gl asly ool 351 lKils VB g5slmsS] 4 i

b IS A3 55lge Jié g5 4 oo IS Y ssSee olh oS5 (10T fSen 5 Herrera s ol

25 o] 455 aaly 4y ol jlame (b5 158 b bl osg) slocs Sl 3 (St (oo Suiolpd (Slal) 5 e
Keysami et al., 2012; Huang et al., 2020; Monghit-Camarin et al., 2020; Avakh Keysami )»,.5 . ,I,8 ),;L
2918 355 (omlo )15 olSd (slag Sl QI Cumar sl 5l Sligu) 3l Jlie 5 Ol (alo oSty o bl 5l (e al., 2025
Ray et al., 2012; 2020; Huang et al., 2020; Keysami et al., 2022) cul _alo b yg5 sl Slguy g o oLy
gy oygp bause O g ale (15,165 olKawd jl a8 ola 8L wlie glgil b o)leas (Ibrahem, 2015; Hanol Bektas,
Ray et al., 2012; Hanol ) wloas ale (j5)l65 ol5usd 3l 4055 53yl 5l camd o LSS 1) olo (09,500 5ol g 0ud (gjlulis
51 > (Kolarevic ef al., 2014) sas o ial33l (bl 29,50 55 (5, 1y Blbl e 186 55 ol b » o (Bektas 2020
oyl Ll (Keysami et al., 2022 ; Bronzi et al., 2019) siib o3y oLis 1igylew obd (gjlolis (clae,iSL 5l (ool sl
O labame g lacwas iy Ol )3 9 (bl o w9 9y g (Ye et al., 2014 ; Frozza et al., 2021) xsus 4l o560
5 ooyl jo Lailyd 5> ls g (Herrera et al., 2023) w553 oo guome Qb3 o b sslhsSie 5l (ond (lsis 4 0y
Ye et al., 2014; Monghit-Camarin et al., 2020; Pang et al., 2020 ) x5l olics)len objl ot (ool oS Juloo

(Zhao et al., 2009 ;

555 3 e a8 4 38 3pmgm larulS g S o] Sl 5 (e 3 3 il s o SLige] il plSin o
ol I 4 Xgd o (c5lon o Ll s ol 38l sl ¢ JT dlge 0aiS 4550 g )5 in (slapmadlSylg,Sue piSS (B)b 5l g Aisans oo
sl 15,50 o olaieas (Neissi ef al., 2022) cul Gliseo b3l 5 cgw @il Gl a5 LT o 393980 50mST dg0eS
el als (T dlge a5 Linl3l el Uags 1Sl cpl 4 9 e o3litl Siigmgn sic o e slacs Sl ) ol Lo
3 Sl carge ot g Sligel S5 rizmen Kigd o s Slgilus 5 HoS ials Jslowo (30uST (tal3l i 5 o592
)9]4‘.4 & walf)]a)gxy: )l oalaiwl 2 (Y’Y\c) UI)K@ 9 Lal .)9.«0& ..\.Jy u,\.u‘)ﬁl A5 4D 9 LQ) U“J‘)B‘ 9 d)Lo.u &9“.: 9 Cud gownd
il 3)50 g, 5 e qomnslS g Sao 5 PH alas 5 Cilies alge 4 1l oyt 5 Sligel alas 5 Ciliks (slaorty¥T tnls
At (gl 55 gl STy alS L g ]38l b paiiine bLSH1 50 e sl Jelgs 135 0,8 a5 edlsh it 5 Led

Lo los (2l Sl 5gld ) 5 g odnd 39 |y ()9 45550 Ol CadeS 45 50 3529 (side (2 S 45l oS Lol Sl ol
2 05 St | GpSoe 5 adlie i yse (o] wlio (2ol 5 (corlil Gl @ ax g b (i3S S )l Bl
.(Yegane et al., 2021)w| 44.9)? )‘).9 UAQ é.al?u Aafl) dyg0 d)9))d))] 61)4 ul.wu )I ddswo ol ‘_5‘); d)L9l> ul:_mlg u»)s)J
Lo stlgns 13 o el (s o 13 Jghao) VoY Dl Seshams itie sl g Sl 51 o Cle Sy b oy ol b o )
sl el p Jos ol 28U m oolamdl Gua b o505 (gow jl g Coyis g Sligel Bls i el (55,5 cilisee slacs o cod
Se351 a5 L1t b (5,55 3,5 L1 g o 513) 30 e U ol 53 0 (150 Buiso) plole i 3
Slial )lgls plale Jgn 0 (53,5 5 dtey Glaplus | (5500 Gl 250 2l lio SEaK 5 el St 4 a2 L 5o

b 59, 9 dlge

o daw B > S B S8 500 (Md B398l 0 Spa sl G 2 VFY Jlo 2lop0V0 b V0 5l el )
o oI5 5l @ VP X0 XD skl 4y (alo 4 (Byg per)lST VY Ol (i dsiai (gl ST L pliS e 5 sals S5
S g Liolejl cpl a s pbl pgnleST pa )3 2,5 SOINEONNY bawgio yj9 b (Huso huso) (ale Jd ashs Vo (S15 1 g cao
() Jgt 9V JS) 00,5 Lol aalds jlaws S5 g (oulojl los ¥ L (ol MlS )b

WY


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

OKed 5 (gdulyoy [ (it 25k piaen 3D Ol (2550 dpial 15U

OB S sS 5 0 (590l 3 30 539081 0 ) )3 0 (il (S g 5 Bl 5 Jlowl S esIsST o 1Y JSS

S9b W ildonyd (ldle i aay (8590 92155 O Cglisle (45,5 s s y 0 dg o ¥ L el b 1Y Jgua
«Corynebacterium ammoniagenes Bacillus licheniformis)a g ySU S 5 31 (5l dao 5 Johw) 3 +Yedale
(628G zali g )2l slowd S g (Nitrobacter winogradskyi o Nitrosomonas europaea

S T e
(c558b il (ige) idom 3 por ST Ol 5l ) Wligy (93,5 L sald Jleus C
LSl S5 b osd il thdgn 5 pa)lssT Ol LY aligy (808 LY Jlos T
LSl oS5 b osd il ildgn )3 pe)lsSTOI LY aljg, 525 LY Jles T

bl S 5 Lo il g 1o poa)JsST Ol LY Wlig) B0 S LY s T3

W5 L ca 531 (5l e 53 Joheo) VoV CALE angs

«Corynebacterium ammoniagenes Bacillus licheniformis Jols oo Sanas piSL &5 ks
3 9 gy 0k (g3l (g)bgls lale 5y, &l50 Clus 5| & Nitrobacter winogradskyi 4 Nitrosomonas europaea
Aeromonas  sySh ade obySbas caold pyuin b Js sisls Sbslhas caold K0S 4 caws (6,52
Pourasadi et al., 2025; Gao et ) 18,5 )|,3 oslatwl 3,90 Lidghs ol ) clidg Sawd p Ll iy, wlwl » hydrophila
eSS (NA) 5T iy g dole S Lo (595 9 (90 (NB) @l ey g ol cuitS lamo 15 c5cito (slas 51 (al., 2017
Oy 93,8 Ble 4> 2 YY sles > Nitrobacter ¢ Nitrosomonas (Corynebacterium Bacillus b yiSb oS 5 2505
Josia Sl dBBd 53 593 Frer ) 48BN Cde &) ladiged cucls YA €3S 5l g b 031> (B9 HgligSl S 53 o)
Jbsso > Gyme o) b couiiiands b 4w (NSS; Nacl 8.5 g/1) ¢33 pw b 9 (Hermle,Fixatte,Labortechnik L)
o5 by ol e g 5 05055 oy 31 oo b 55 (b 2 Jsbo) VoS5 (s 50 (65105 (e ¥ cslo)
288 sl (Sl Jenway, 6105) yiogidg xSl

Sy (2L 8L adai Hlden calu g &b

O3B (298 Sl 4iad (gl & oy opl b 4l 5 (Slb ALl hdsn sae WY Ll (bl cl plodl (4

s 0ol )8 posleST o 51 )3 0ad 05 St b (] s 93 & (631 o ol (ool S ol ilidg So G il (b g5

93 45 39y (6o oo Ae dilmd Jlad b Sy o) (coil; sae & 3l JSCiiio o olol (gla ikidsw (Otte and Rosenthal, 1979) .

(Y JS)as p (Media) ae iSh ady g cutS yim loie 4 gbund,S 09,8 op )3 S (Scoria) suse a5 b ol oo pow
VY


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

N-YE /VEF o ] BY o)l [ emin Jlo gl snly oMl 35T olStils /OYE (g55)gmmsST &y

O ($53)5 3b i )3 (295 Clag adai (ol (BB LojT) b )b ldsn ¥ JSLS

ayiad gl S () Guagg iU aus W 51 i sy90 (o (s )30 9 o jilidses 3l oad aias Ol S (5,53 sl
ran 03B &l S o 53959 Gl Sl g edahar O s 5 (S Ol e 1 gdly Jlazl slaaS b oss
e 4 o By B0 (S g 4y yam Ol Slal s jglateds ialeil )90 Jobo 50 3,5 edlatul aalis 5 (iolejl (ol les
poryloST 3l G 50 (53,5 5b osd dxhual Gluw (23 liwe b o3l Sl 4D o 0,55 03l o jl 50 ol Of pdaw yialS
Py sl )3 5 ) Y lig) Ol (23,5 b ash pp zdele A pgd slag o o) wligy Ol (50,5 Lagl p - /o ¥ gl Jleg slo
b a8 s LY gy T o, b gl szd /e VY

9 o3l @ox e 403 )8 5 (bl pliale ol gistedd Gipg 5 iS5 Gl Sl (ale b aom asaB WY ggaa 3
525 ale I (olals ale ey 4k Ve o515y o e oJF (6T o b V5RO X0 sl & (o3l e 1Y
Ao ale bwgio 59 b aS d9r )5 (PONAEY/VY) iolojl Jlas Yo ialojl g9, 5 I ale bawgio (59 005 (gjlw 053 poy,leST
Sde 4y iwlel bl s b g )8 5le jolateds b alo asny (P>+/0) sl (g)lol o ze MS! 2,5 (SO/YVE 1/A0) salis Hlo )
@ oo bble b 5l askd Ve g Ol 3,8 @l 5l Ly bnd 6yl S5 Lalesl Ll 3 g o0 40335 il 136 adeg Y L o) dw
95 3 O3St 9 o> PH (5 pSojlasl ad ploxil 5, ¥ oo & LSy (23l9a b g Jgeme ©pgoty (a0l gl ()b Jl o 2
oKewd b pH s (65501051 lile 4355 51 dm 59, ¥ 5l L Ol g oyt «Sbigel olise Jg dapgn)leST S50 )3 olale cuis
L NHs 5 NO3 NOs (sl uita 5 (o] YST V) a1 L Jsloxa cy5smeS] ccsloges gaslos b Lod ( sl] WTW) 2o pH
350318 (o ndSSl Jenway 6105) yiegighg yiSml picmod ¢ ())es6 Hanna HI93715) gwSLigel g ol i g o i ol
oy BE e b plosl (Y Jgde eyl ol FFST) (,bgls lnle 59,28 (glié 51 oolitol L _mdlié e b s g
el 4 Ve pm g )l Sy s e b oo el a4 (pas g /B o) Sy 50 5k 4w (o 0jg 2oy Y ol gl
Syop s 4tin Job 5 ploale 13, slagasli 5 alis, Ladid e b 130 S S /) 2B b Jlioms ool b b
Do Cyxo ddle

oilol Jsb 43 (2o Jud ylale dzes 03likiw] 390 D9 yimnST (51i€ Olaseive —Y Joia
—ap o Gl b g by s WSS plS (e el Bgn e sl
(P35 sksT s JS'5ksS) (+25) (+5) (+5) (+25) (+5) (+25) (r2ecke)

AR EA VRN VR VL S VA + VRS p FRS. ~ /0% SRR XY RS A VAV ANVRE VN <EFASF Y/-E\Y

Corynebacterium Bacillus licheniformis Jols (¢pSU Glise 4565 F Jold baeySh oSy inlejl Job o
I 0 &S (il e 53 Jokw) VoV cdale b Nitrobacter winogradskyi o Nitrosomonas europaea ammoniagenes
g 2 53 g8l 6515 Gliee 03,5 @l plez 5o 5 (Scoria cuiS i) (otalesl sl didons 4y s 5 25 0Ll (50 ¥

VO


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

S 35 0,5 Lol b b la (sl s Sl w515 alis) 5l ol p2 (sl 00l (e 0515 (IRl Cjgo B AD wy alljgy )90 4
355 039 Oljre Wb (w3ln (luSy ysboy (53510 s 08) oy S b Lo lST e talesl 090 (b )3 35 Gl 2l
b 43S a3 55 s poyIsST (s b @ p50,
10,5 dsloeo 5 sloalaly (olul  liale 6 o w3y (slaasls olnle g 3l el Cusd & SleMBIL By 0593 (b
< 0is —adsl Gy =(eS)WG) 0 ol
(Ronyai et al., 1990) [(Lale 03 0xSle —adsl 035 0sSke) £ (sl 0135 0Silbe)] X Ve +=(a0)0) BWI) s 5 il38!
(Qinghui ez al., 2004) [( 25 ¢1j w228 —adgl 09 @) &) 1 Gtalefl loj XV e 2= (59, )3 20)3)(SGR) 329 45y g
(Ronyai ef al., 1990) [(»,5) b yan (slié ke | (p5) 525 S 555 1))+ - =FCR)plié 115 oy
[o595 slel jo Hldle dlusws [ 6y95 (gl 3 lale slaws] xV++(SR)= o alo do slins s

&bl Jdodig 520

sl 3 bles )3 0y el s s g oo iSh S sliw ke col oS claasiul,d (claodls Jloy @95 (o) sy
One-Way ) 45, bcSs uibyly Julos 9050 51 laylews (gyle] dunlio clp aodls (3g) Jloy i ygo 53 .05 o3lizul Shapiro-Wilk
bl slayge;l S as exlil (Sild g0l 5| F0aSs b oy ,S duslie (gl g (P<+/+0) 1030 el s 3 (ANOVA
A pbsl Y8 asens SPSS jlale 5 51 eolawl b deodly oo g 45500 4

=W

bl sloslost (PH 5 05081 0lie) colinle b (i90 slopon)lsS) o (ST loswiie (55031l (F Jsie) gl (ol
iin gz o 9 300 o DH gl o5 (535 & (P</-0) 2221 o b (6 i snm D31 (C) 28l lag 5 (T 5 T2 T1)
il sy (2ol (Th) ) e s oialejl (sloyloss e 53 292 oo (281 tlogl Jlas sy yo Lol 8 gy (al33l Jlsie
N9y 20l Hlews ) Lol g il 31 K9, (el uinlosl (slaylos 1 y5umnST line pmizmed (P>+/+0) 3955 45 e gl p B3] Jg
S52008 oo g3 ST Jy sl 5y a8 e sl omt > (1) sl 35 ] o s i
Kog o gime BML (shls aals Jlo 5 aialojl slaless o s gyt Sligel Hl o ldon (298 Cluy oS
alS B9y 4559yt SluS 5 m tin s Jobo > 08 Iy (8l oyt o Jgl i Sl 4 e atilel glojlegs )3 (P</0)
Ol |y (s ey (1l (25 g oyt «Sligal fise 5k 51 (Th) gl o aizpo (T« To T (olojl sl duw o Lol izl
Aali g jled (lrog)S Ol cutsS o odal Cowd 4 gl wlol p (P>2/20) i o3 bl o o) gixe (oylel MBI Ll ol
ite 36 (T1)59y 3 5k o ar ol (33,5 ey LialS a8 canl )] [ Solo gols opl (P<o/+0) cuily d93g (lol I3 sxo 33
Blo Jd hygn b (295 Clay (abend s 3d CudS dou0 g b yildsn )3 0dd il (ol 8L oS 5 (SIS 4dad Gliee
oS gun wald Hlas g colo)l slajles o3 Oluy > e yiSl S s o, (F Jgao) osel cowd 4 ol oluly sl
2 irlej] slojles )3 o g 18ld s )3 wb gl IS oluss oS (oo 4 (P>4/+0) smd i L |y ()l (gine ()l M3
Slosi 3 Ll o3y (b (2L S )o (sl sals jlas cunl 15 BB aidl oo CS1eiSy Loy (ol 8l g, )b ain jlea (b
sl b lidses 4y 0 il by oS 5 @ bgpe s ySh colle (o2l

Vs


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

N-YE /VEF o ] BY o)l [ emin Jlo gl asly ool 351 lKils VB g5slmsS] 4 i

92 ©glisle (93,5 S pow b 0uad g o Y1 03liesl b yldle b 0392 S 1o8T f (S GRS 529 oy 2 WY Jgo
Corynebacterium Bacillus licheniformis Joli W g 5SU oS 55 gol> g pildon 1> (1490 5w Sl
09 92l 9 (5l oo 13 Jobw) V¥ clalé U Nitrobacter winogradskyi § Nitrosomonas europaea ammoniagenes

(51559 amw £ )lare Bl youil & paKilo) g5 g g JSU S o

(ai2) gyloj : "

£ Y y ) . e =
V/te¥/50 [-£Y8]-5 o[- tov/-f o[ AY0/-5 NEEIY TR C
feev]eN? [+£.4/-¥ R ANV o[oN0 Y YIRS T, ]
NEFSVAT RRVR" AN LA EVE D R" T, (mg/L) Stose
N VA& [+xa/+0 REANVRYZ [+E£N0/¥ [eENS Y T,
bofkEy/en [o2¥5]+0 o[ E¥).5 ofeRYD/ ¥ o[ EYE/F C
[N YR A 3V [2\Y/ 0 [\ o[o2YY.5 T,
[N VR [+£3\Y] .5 [ 2NE Y R LAY [ YE Y T, (me/L) e
ofoEeafy? [N/ YR AL VAN o[-EVN/-5 o[oEVY/Y Ts
v/ Fay/ysd ¥/ 2AYIYE v/ 1VE[YE Y/oEY[5Y AR =2 7A%s C
IR AV \IREAL7AN Y/ 2VEI¥Y YEN/YY AR 2 7AW T, me/L) ol
Y/t AEY? \IREARYARY Y/ 2EY/YY \7REAd7AYS \7RE=2744) T, .
Y/-1\0/\52 Y/ 2¥Y/00 Y/-250/%0 ¥/ £Y0/F) Y/ E5E/Y Ts
M £5/YE0 A-25I¥D A-20/¥) A +¥/¥) A-t.5/\8 C
/- 2ov/\e? Y/ 2VIYA v/ 10/¥Y A£ex/yY INRE AN T,
VI 0¥ /AR VI-£VIY V/-£20/¥Y VR A-E-5IYY T, pH
Y/ 20V /¥Y? /- 2VIVA /- ay/sy IR VN A xe5/vs T;
o/ +2¥/\A of-¥/00 of 24/ £12Y/¥Y /-t /v8 C
v/-to/-42 Y/ -1\ /Y \ZRE3VAY FIRE VAV Y/ \$ T,
v/-£a/1\? v/-2y/vs (72 2VA% £[-£a/¥0 V72 290N T, (/L) e o551
v/ 2/vyE \7R=AVAN (725 VAL £loa/vy Y/t /%N T;
YY/- AN YY/-2VISA YY/-£¥IAY YY/-1Y/20 AVEE =AY C
YY/-EAIVN? YY/-1VIAD AA7REAVANS YY/-£Y/24 YA/ 255N T, £C) Lo
YY/ - £ADA YY/ V50 YY/-2Y/5Y YY/-2Y/VY AAYRE 727\ T,
YY/-EAIVO? YY/+2VIAN YY/ . 1YI5F YY/-1Y/¥0 YA/ 25 VY Ts

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

9l gliie (452,5 Cs paw by 0wl A jlon Y31 23lko! U (yldle Jud (335951 (SBe52,195T T (gl 6 STy Sl o) £ g0
Bacillus licheniformis g5 yxSb S 5 51 (5l oo 33 Jobw) VoV Clile ol gla yildgn 45 o y9 50 (930 Sl
O 2Ll Yl S g Nitrobacter winogradskyi 4 Nitrosomonas europaea (Corynebacterium ammoniagenes
(51559 aw £ )lre Bl o0l £ pSilo) (Wiulol (glaian £ 5,93 45 WS gla g S

(CFU/ML) LS JS slasi o,

T T T, C (ad2) oo
y/oEy v/oty v/oty y/oE)
Y/ALY YIvEY YIvEY YIEEN )
F/vED AAEA AAEA £ty Y
oty /-y F/aty FIvEY Y
O/AEN O/AEN o/vy o/t ¥

(P>1-0) 035 oanlie W loss o (515 me B3

VY


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

Gl g ol Sglite (53,5 s b (g0 slops ST 5 pliale i 4 w) sl pad i 590 5 (0 J532) @l ol 2
Cormd (83,53 tapes S yilido 53 (b8l S 5 5l (ke 53 Jobo) Vo7 Clald L oad gmdls (sloplidgn ) (e (il
B aals o b (tlojl (slales > pliale S ol 05 rSole dmlie ) (it (slacs S guils (9h) dald las 4
a5 odmlie (gylol I gxe US| salis 5 minloj] (slajlod o lile hd (59 a8l )3 (P<+/+0) ub osaliie (gl > size
O g0 6 me OS] Lol gy i Aals & o (65 me JSB 4y (ainlojl colnylod )3 59 i8] dopd uSile L(P<+/+0)
duliio )> 03l (L 1y (65t (g (Il Aoy pow slewi 4 s ¥ g ) los oS i ya (P>+/40) i o atlejl (sl o
it s e (P<e10) b osaliie (g ol Jla ine M c0y93 (bl 3 18l 5 ojlod o 2l o5 oy (Lo
G ool sloyles 53 e 3 )Shos g 0392 I, 52 (5 yaS e ) ald & s (g0 stme S5 4 ctilol glaloss 5 oliE
Slows Lol (P>+/+0) cuslis d93g (65 sme BB ool (slajloss oy 3o (2138 b s (adls ol jd gy dals 4
M3 wals g minlojl olayla )3 phale b oy diby F 5 dumlio )0 cdly (6108 had s ¥ o ¥ la)los 4 Cuns Jol
Dy yds Jl5 4 Cawd (g e JSb 4 I yless )3 039 Ay F 5 uSile a5 Sy i ol (P<+/+0) w5 ssalie (gylol Hl5 ine
o (P<e/-0) s omyd (g o sine (olel BT sald jloi 5 (tales] sloslost o s plele 4 (Swilejl o> e Sk
i Jgl loss 55 comtaloj] cslnloss om0 7 AYIY ) bl ylofl (slaylass & a1y (S lol ljwe cpyieS 1al
Sy plasly (/e +) Ssbejl

CBE (5l (5o yilidgn b 052 )15ST Of glitle (93,5 Cospaw b lowd ¥ 1 03liesl Ly (ol p9 0 oo b ady (S e L 10 Jgur
Nitrosomonas Corynebacterium ammoniagenes Bacillus licheniformis g s ySU S 5 51 (y5d o 13 Jobu) VoY
(51555 aw ¢ )laro Byouil £ 1uSile) (W49 didd €55 9 5SL zdli g W2WS S g Nitrobacter winogradskyi o europaea

C T3 T2 Tl b )los
£O/YVEVAD? FOIYAENV/AY? SONAEYNN Fol0VEYNS? (p)5) &9l 339
VVASES/\ 0P WYYy WY/VOE Y/av® WY/VAEF/1P (25) e oo
INVIRENAYS A0/5¥+/\AT Bz VYR VAP BWI) 0 055 ialjslhas

¥/ov/ A2 WAREIR v/os/ .0 v/osk] AP (SGRY) o325 43 &5
Vivat-/\y? VIYok. /vEP AREALY VYYE- VS (FCR)li& Jois oy
\AE RS B a5fs £ [-¥0 Voo /P (SR) £la; 105

218 0,0 SR die Jas cops [FCR op9 05, &5 SGR (0 59 Lilél asys :BWI
AP<-140) ol )less oy 55 me S oaimd (L5 jluods pu g > s pa )

(S 35 oS 9 oy

clacls 5l ol oy g Sligel ioli8l cing clpimms 0394 5 bl lale 1STye 6y misil (bl CMSin I
Gl g Coyis g Sligal a8 3,8 3501 ¢yl 1L <o) oyl 5l (Kolarevic ef al., 2014) cul gy e ;5 o3l calisce
Colt, 2006; Bronzi et al., 2019; Neissi et ) 155 3)ly bzl a0 ool 45t p (g3 5505 4 O ) sl om0 b
4 Bsd oo Slomis bulyd tldl el (I dlge 0uiiS 455 By g yin (lapusilS g Seo iS5 (B)b I g A o oS
S8 lg o oo jolate 4y (Colt, 2006) cul calisee b3l o egw @l lls a5 0T o 9394 oy 5amST 390 )] JLid
cdale aals (T slge o5 il el s Sl cpl 45 39 e odlitl Sigmgy lyie cov tuio (slags S 5 ol anbs
3 xSl carge oyt g Sligel S5 rizmen Kigd o s Slgiles 9 HoS ials Jslowo (y30mST Jl8l i 5 1392
25 ol Ol oS St ) oty 5l ksl plbewdon lacdld 505 Saiar obySl ol sbasS Cumes il

YA


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

N-YE /VEF o ] BY o)l [ emin Jlo gl asly ool 351 lKils VB g5slmsS] 4 i

oyt 5 008 byt 5 00 S oS apuST Jolss oIS ey aslan slonsd Slgo 31 o0litus] siile )yt slaiboy b duglio
[(Karthik et al., 2018; Zommiti et al., 2020) cool Sglite colro 5 oyl shld Lo)S 5 (moled ¢ yomnl jilid ile G508
350 5lgl plle 3 by sloasls Gl e 5 Glale b Uhjon (e luy 5 O CudS g0 el Siegd ol
Nitrosomonas Corynebacterium ammoniagenes Bacillus licheniformis Jols (¢ ySU Cilisee 565 0 5 (59
dg1 oduwy Ol 4 (laBlas Lialesl > bl SauSahar M oS wi odliwel Nitrobacter winogradskyi 5 europaea
» oMo gd e baS Coyis 4 Nitrosomonas b jl Sligel ewlSiss i sul,s 4> (Pourasadi et al., 2025)
G Sosmgn sladiw 5l (Sp o g Miwa uSly ol pbsl 4 6 Bacillus Jie S 5l 5, Nitrosomonas
ool yis A8 deldl )3 0l W g5 o i ALS e o0liiwl 3 Pseudomonas ¢ Bacillus sladygw 5, 5| Nitrosomonas
e Jas No & lgs o la g ySU 5l By gy o b g 59 0 b @lyis & Nitrobacter by
Vor 5l ey i 45 4 b pe Olalllas 55 ] cglite 4118 g5 g a5 590 Ban ) Siuw b g 8L ookl 3,40 cdale
g0l dw i cdale (Karthik ef al., 2018; Todorov ef al., 2024) 544 0 48lsl 4L Lo 4 0o )3 O Hlude 4 &5 col
Sl Gzl lp i len 9 Hla GoJlss BB 5 a0 (ale Jhygn il (rb Slacs Sl o515 alde @ly 5> edlizl 350
b g (Silen bl ) on Wb O CutS deuy g Clu (3 YL (cly odlitul 3y90 oL SL oS5 (Pourasadi et al., 2025)
,>(Von Ahnen ez al., 2015; Robles-Porchas et al., 2020) 1l @l 5 oy «Sligel ajos 4 06 gilgn o bl

.(Von Ahnen ef al., 2015) suiso sgu0 |y O cuaS pH a5 b cosds Sligel §H2S

bags 5lai 3)90 &5 pudins 4335 51 (86 LS olole <l 2o)> (Rl 3590 55 (imghs cul 3 4y 4 (b8l oS 5 b
940 |y e (I3 5 (cow OS5 as Sl cpl & Cunsl oad (SIS ()b AL eitans et a5 Sl ol ST (ale
g5y slayasls wyp 0,505 B,k ;I (Balcazar, 2004) S s 1y Wl l3é Sl o (559 3)90 (3] Lo g 03,5 madd
13 156 ot (slogs S ol ialS b o dy St sS T (slo eyl 599581 &S sl 00 Ui byane ol 51 eelsl <l 2oy
9 oy Jto w3l 5l Lakiske glgil da o SL 51 oyl ol p oM (Pekala-Safinska, 2018) cul pge iy doy> yiol3l
Gl B sde dlse 5 00,8 438 1) lie dlge 5 I olge elgil Al o o3l ) & S oo A |y a1 K00 gl g 5L
2 s slon sy e g 3bajl il 2lis gl Dl 53 i) 5 (b ySbas Slge Wi b (b S oS 5 Gomen IS i
(Karthik et al., 2018) 1S o (5S> plo j5)ls5 olSKtwd 1> g by

Slyts 3l (2l o jilidses 5> by Sy b8l S 5 (SaSahiai Cools (hnghy cpl 5 odel s 4 @l Billas
2 Sl 53l Elite o b calojl sloslog o ale b (g bR g 3 s g Costd Slogel PH glopite
Wi gl plale (9p Eilie (29 Cluy (lerdgSofid Sl gm0 L gyl J1-ad LS aald jles 4 Cons b yilidgn
S5 ol 00 B4 b Grizmen 58 alisl (63bgls e (B9 sl ol G255 s S 0 05 aidial Ol (o)l
21y o sine BT (gl i Sl &S psbolan 28l dgie MlS 55 lale 0 (gl padli edlatsl )50 (glajilidgn )3 2L 5L
Tl g wals Jlegi L Ts 9 To (T slajlod g (@8 b qupd il g 0fug 43 255 5 00js ljSl sl o> (il
59 Sl 53 Lo Ol (50,8 b Y e otalojl o dus 3 53 35 Slaumalie yobots ol Lt laale i b2 0590 Jsbo 3 (5,51
205 01 b g il |y o s i (i3 (ol b e ol S oS a5 ke s V7
O3z pbe (olidcany; gar (oloipd ol 1 g ol CutS g CuaS o ylinn 00l kel Cluy (53,53k cop ]
Ellis ez al.,) el 433 1,5 5l 5)5 0 cpiime kg o [)90 &35 355 Cod )b (puiorad § Codluw 5 4 oliy
dnogh (5108 0500 o )3 (§ Sy dxog g 1) ;3] slol )3 (RAS) 1555k 6906 5] Slapiuns (5)5k5 (2002

AR


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

a1l 390 Ol (e 9 395 50 (s oDy 3B 53 39290 O Sl (oS oy b b s 3l 95 ) )3 sl il adly
L5 (639y9 ol 63U piuasw > &5 Jls > (Timmons and Losordo, 1994) 345 o ool bn il | 9,5 M5B (53,550 o
o)) c(539,9 036 O 4 akojls (1l L) e Soed b (5,53l claplu 39 0 03 g o sl 15 5l a5 pe S
Pourasadi et al., 2025; Lal et al., ) cul 53,8 sbu) cawjlasme b )85k g 55 9 lale CoMas 9 85 ) ol
39Vl 10085 1,5 s 45 393 4,5 5 )3 iy s s 1515 Gl & 525 b (ST i 5 (2024
) 35 ol Slaml iy 8l 5 b b by @Vl (lalops sladiyie b cusl (dy9n (slasil b ol
eyl DLoul el cpoin (sli il Jole G laie 4 (6 )l S5 Liljél 5> )b il (Pourasadi et al., 2025
Lo 5L sl 5 5 23] 53 Sligdl olonle b x5 ] 3015 Sl ] o 2l 5 1, inlS
ceel o 59,55b lapiuw » ol (53,550 (Timmons and Losordo, 1994; Pourasadi et al., 2025) 545 o
530300 Gl 1) oo lans 4 s plidle Sl 5 03505 oyl g O S ol 255 o s Ol i talS
Pl ale Fuloil doyd g ady g olewdsSo b slaodls (Teitge ef al., 2020) 5,15 cgw 1 lale codls g sy diEbpunn y
ol 423l Slsan e (el ol b ados oyl anld e

I Jy el O G5 it s9sg o oo il 4 ale 1l il o 5o e slaisliad J (S22
ildgu ;1 eslil 3us ol ,> (Piedrahita, 2003 ) 5e5 0 Ol ciaS ials el 1 low Jolss ¢ (Sglio Il cdols <l
o1 dpogs jbxe 03930 ;3 ol 04 ot (plerdsSond (slaygSh & 35 Coge by Sehar sla Sl il S8 4,
ol opgl 3 ol e s & Wl o S 5l S5 e e 3 0y (gl pad i i s 0, )18 ()kgls plalo (o
.(Pandey and Kumar, 2022) 130 059, opl ;5 (celw VF () (153,550 )b S oloj e )5 yilidon bawgy Gl

sloasls p 235 Ol daoe ol b oy p 4 a5 (2002) ), Sen ¢ BlliS  5uioo )5 «guios ol sloaibl, B
YT U3 Lole Uban celb il 15 Ol L iSols duoys ialjil & sl s gl ol 4y izl YT U3 Lole LSlojls 5 0
O3l g (Bly oy g (Slojl lie )3 (6l sine SRR IIE L oy s lostae (Rl s (IS ST L S ()
a9 6398 el Ol wlig) (33,5 g I3 L 0205 2les W olie SIS Caled 3 5 pliale S lise 5 gl sine
Olale Jud dou ady sla e s 5l Sy 50 sains opl o (Lal et al., 2024) cuns yuwe g5 8 > & ciS 5l b Gl oS
g1 Foml 23,55 pue ilibon ) (128 Ol JolS (6yl8 &8 Ol 50,53 5l w5 93 (slajles 5
s 93 0 lalesl 59, 56 U 1 3loj 03l (b S (139 03 (6)lisine Sl (a8 055y V1 3B 69, 035, 77 adlllas b
o8 (283,53 slowi b awsalie 13 5 sloss 53 039 17 (2alS 59, TT 5 5T (Glaj ojl p dizj i edalie Jol (53,550 5 5L
(Salmo salar) bl Lwglsl s3] cla alo a0 i,y (slosSlos > SMS] cypiomen (Pourasadi e al 2025) i sanlie
s odnlitio oLy (sl 4 Jil olo 4 51 a5 b Ol 0 (£)0S Ste (b ol (53,53 5 5l el 99 02
S Sl gals S Ol eolil 4 sl ol lislllas gols a5 sy ol e Ll (Kolarevic ef al., 2014)
20y spasld Sl (S (B L guen 55 b iagh cnl s D98 o0 cge |y (ale oyl Glise G115 23 (lad Shee
ol 039y B2 (pl DV 5V sl oy

oo byl S 5 b bl Jlags dw IS jsboay o5 €S g gl ol Sl odel cusd 4 @l elsl 2 cgame 5
gty S S8 Jelse 5 (o plgie 4 ilgie (Th) Jgl oless 2 486 L plinle b gy e 00 iz 5 (gl palls
9 4t )y yolate & (alo (hygn 9 ;S STye 3 plale 8 g g 03y GBIy 5bgl plle (hygn gl Sl

MolS' (552 00 ol dms 235 135 ool 2,90 T JolS' (33,530 5 sl iy () b s )3 oy 9 o Joio ) i


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

N-YE /VEF o ] BY o)l [ emin Jlo gl asly ool 351 lKils VB g5slmsS] 4 i

5 Comjlase Lais Gygps o)l sleal G938l ja) (S39 (ol @lin (3 LEalS aoxis 3 9 598 3l G LSS b it

8l (ple g el LBl an g ol

1D yd
olSplesl QLSS (e e 550 9 pliple ol Mol Sl dumsge GUSHIS sl g ()l 5l Gulos ol plosl o
gindy & w2lod)S dieo pp (IS RS s drogio b @i 02K 5 B So S 1o (D o g psle (el 3950

D)5 o (1>)a8

&b

Avakh Keysami M., Mohammadpour A., Rehanandeh M. and Zoghi-Shalmani A. 2025. Isolation and
identification of bacterial populations from water and sediment of silver carp breeding ponds. Journal of Microbial
world, 17(4): 300-312(in Persian).

Balcazar J.L., Deblas 1., Ruiz-Zarzuela 1., Vendrell D. and Muzquiz J.L. 2004. Probiotics: A tool for the
future of fish and shellfish health management. Aquaculture.Tropical, 19: 239-242. doi: 10.1007/s10695-013-
9897-0

Bronzi P., Chebanov M., Michaels J.T., Wei Q., Rosenthal H. and Gessner J. 2019. Sturgeon meat and
caviar production: Global update 2017. Journal of Applied Ichthyology, 35(1): 257-266. doi: 10.1111/jai.13870

Colt J. 2006. Water quality requirements for reuse systems. Aquacultural Engineering, 34:  143-156.
doi:10.1016/j.aquaeng.2005.08.011

Dutta D., Banerjee S., Mukherjee A. and Ghosh, K. 2018. Potential gut adherent probiotic bacteria isolated
from rohu, Labeo rohita (Actinopterygii: Cypriniformes: Cyprinidae): Characterisation, exo-enzyme production,
pathogen inhibition, cell surface hydrophobicity, and bio-film formation. Acta Ichthyologica et Piscatoria, 48:
221-233.

Ellis, T., North, B., Scott, A.P., Bromage, N.R., Porter, M. and Gadd, D., 2002. The relationships between
stocking density and welfare in farmed rainbow trout. Journal of fish biology, 61(3): 493-531.

Epikmen E. T., Avci H., Tanrikul T. T., Birincioglu S. S. and Aydogan A. 2020. Pathological and
microbiological investigations of naturally infected rainbow trout (Oncorhynchus mykiss) with Flavobacterium
psychrophilum: 172-178.

Frozza A., Fiorini A., Vendruscolo E. C. G., Rosado F. R., Konrad D., Rodrigues M. C. G. and Ballester,
E. L. C. 2021. Probiotics in the rearing of freshwater prawn Macrobrachium rosenbergii (de Man, 1879) in a
biofloc system. Aquaculture Research, 52(9): 4269-4277.

Gao X. Y., Liu Y., Miao L. L., Li E. W,, Sun G. X,, Liu Y. and Liu Z. P. 2017. Characterization and
mechanism of anti-4Aeromonas salmonicida activity of a marine probiotic strain, Bacillus velezensis V4. Applied
microbiology and biotechnology, 101(9): 3759-3768.

Ghosh K., Banerjee S., Moon U. M., Khan H. A. and Dutta D. 2017. Evaluation of gut associated
extracellular enzyme-producing and pathogen inhibitory microbial community as potential probiotics in Nile
tilapia, Oreochromis niloticus. International Journal of Aquaculture, 7.

Hanol Bektas Z. 2020. Identification and probiotic properties of lactic acid bacterial isolated from freshwater
fish. Iranian Journal of Fisheries Sciences, 19(4):1795-807.

Herrera M., Heras J., Catabay C., Connor K. and German D. 2023. Dietary-induced changes in the hindgut
microbiome and metabolism of a marine herbivorous fish. Physiology, 38(S1): 5733889.

Huang Q., Sham RC, Deng Y., Mao Y., Wang C., Zhang T. and Leung KM. 2020. Diversity of gut
microbiomes in marine fishes is shaped by host-related factors. Molecular ecology, 29(24):5019-34.

Hollocher T.C., Tate M.E. and Nicholas D.J.D. 1981. Oxidation of ammonia by Nitrosomonas europaea.
The Journal of Biological Chemistry, 256(21): 10834—10836. doi: 10.1016/S0021-9258(19)68518-2

Ibrahem MD. 2015. Evolution of probiotics in aquatic world: Potential effects, the current status in Egypt and
recent prospectives. Journal of advanced research, 6(6):765-91.

Keysami M.A., Saad C.R. and Mohamadpour M. 2012. Probiotic activity of Bacillus subtilis in juvenile

freshwater prawn, Macrobrachium rosenbergii (De Man) at different methods of administration to the feed.
Aquaculture International, 20: 499-511 doi: 10.1007/s10499-011-9481-5

AR


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

Keysami MA., Zoughi Shalmani A., Zahmatkesh Kumleh A. and Karimi A. 2022. Screening of bacterial
flora isolated from the gastrointestinal tract of silver carp broodstocks (Hypophthalmichthys molitrix) as probiotics.
Journal of Animal Environment, 14(1): 285-292. (in Persian).

Kolarevic J., Baeverfjord G., Takle H., Ytteborg E., Reiten B.K.M., Nergard S. and Terjesen B.F. 2014.
Performance and welfare of Atlantic salmon smolt reared in recirculating or flow through aquaculture systems.
Aquaculture, 432: 15-25. doi: 10.1016/ j.aquaculture . 2014.03.033

Kolb SA., O'Loughlin EJ. and Gsell TC. 2019. Characterization of phthalate-degrading bacteria from Asian
carp microbiomes and riverine sediments. International Biodeterioration & Biodegradation, 143: 104727.

Karthik M., Bhavan PS. and Manjula T. 2018. Growth promoting potential and colonization ability of
probiotics (Bacillus coagulans and Bacillus subtilis) on the freshwater prawn Macrobrachium rosenbergii post-
Larvae. Insights in Biology and Medicine, 2:7-18.

Lal J., Vaishnav A., Deb S., Gautam P., Pavankalyan M., Kumari K. and Verma DK. 2024.Re-Circulatory
Aquaculture Systems: A Pathway to Sustainable Fish Farming. Archives of Current Research International,
24(5):799-810.

Monghit-Camarin MA., Cruz-Lacierda ER., Pakingking Jr R., Cuvin-Aralar ML., Traifalgar RF.,
Aifiasco NC., Austin F. and Lawrence M. 2020. Bacterial microbiota of hatchery-reared freshwater prawn
Macrobrachium rosenbergii (de Man, 1879). Asian Fish. Sci, 33:241-8.

Neissi A., Rafiee G., Rahimi S., Farahmand H., Pandit S. and Mijakovic I. 2022. Enriched microbial
communities for ammonium and nitrite removal from recirculating aquaculture systems. Chemosphere,
295:133811.

Otte G. and Rosenthal H. 1979. Management of a closed brackish water system for high culture by biological

and chemical water treatment. Aquaculture, 18: 169-181. doi:10.1016/0044-8486(79)90029

Pandey PK. and Kumar V8. 2022. Biofilm in aquaculture production. InAdvances in fisheries biotechnology,
401-422. Singapore: Springer Nature Singapore.

Pang ST., Ransangan J. and Hatai K. 2020. Isolation, identification and preliminary characterization of
candidate probiotic bacteria from the intestine of domesticated goldfish (Carassius auratus). Journal of fisheries
and environment, 44(2):39-52.

Pekala-Safinska A. 2018. Contemporary threats of bacterial infections in freshwater fish. Journal of veterinary
research, 62(3): 261-267.

Piedrahita, R.H. 2003. Reducing the potential environmental impact of tank aquaculture effluents through
intensification and recirculation - Aquaculture, 226: 3544

Pourasadi, M., Sattari, M., Avakhkeysami, Mm and Zamani, H. 2025. Microbial treatment of effluent from
elephantfish (Huso huso) breeding tanks under the influence of different concentrations of a mixture of Bacillus,
Corynebacterium, Nitrosomonas and Nitrobacter bacteria in the water circulation system. Aquatic Physiology and
Biotechnology, 12(4): 39-56.

Rafatnezhad S., Falahatkar B. and Tolouei Gilani M.H. 2008. Effects of stocking density on haematological
parameters, growth and fin erosion of great sturgeon (Huso huso) juveniles. Aquaculture Research, 39(14): 1506—
1513. doi: 10.1111/§.1365-2109.2008.02020

Ray AK., Ghosh K. and Ringe E. 2012. Enzyme-producing bacteria isolated from fish gut: a review.
Aquaculture Nutrition, 5: 465-492. https://doi.org/10.1111/1.1365-2095.2012.00943 .x.

Robles-Porchas GR., Gollas-Galvan T., Martinez-Porchas M., Martinez-Cordova LR., Miranda-Baeza
A. and Vargas-Albores F. 2020. The nitrification process for nitrogen removal in biofloc system aquaculture.
Reviews in Aquaculture, 12(4):2228-49.

Talukdar S., Ringe E. and Ghosh K. 2016. Extracellular tannase-producing bacteria detected in the digestive
tracts of freshwater fishes (Actinopterygii: Cyprinidae and Cichlidae). Acta Ichthyologica Et Piscatoria, 46(3):201 -
210. doi:10.3750/A1P2016.46.3.04.

Tung Pang S., Ransangan J. and Hatai K. 2020. Isolation, Identification and Preliminary Characterization of
Candidate Probiotic Bacteria from the Intestine of Domesticated Goldfish (Carassius auratus). Journal of fisheries
and environment, 44 (2): 39-52.

Thompson, F.L., Abreu, P.C.and Wasielesky, W. 2002. Importance of biofilm for water quality and
nourishment in intensive shrimp culture. Aquaculture, 203: 263-278.

Timmons M.B., Ebeling J.M., Wheaton F.W., Summerfelt S.T. and Vinci B.J. 2002. Recirculating
Aquaculture Systems. Cayuga Aqua Ventures, USA. P 210

Todorov SD., Lima JM., Bucheli JE., Popov IV., Tiwari SK. and Chikindas ML. 2024. Probiotics for
aquaculture: Hope, truth, and reality. Probiotics and Antimicrobial Proteins, 16(6):2007-20.

Yy


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

N-YE /VEF o ] BY o)l [ emin Jlo gl asly ool 351 lKils VB g5slmsS] 4 i

Teitge F., Peppler C., Steinhagen D. and Jung-Schroers V. 2020. Water disinfection by ozonation has
advantages over UV irradiation in a brackish water recirculation aquaculture system for Pacific white shrimp
(Litopenaeus vannamei). Journal of fish diseases, 43(10):1259-85.

Von Ahnen M., Pedersen LF., Pedersen PB. and Dalsgaard J. 2015. Degradation of urea, ammonia and
nitrite in moving bed biofilters operated at different feed loadings. Aquacultural engineering, 69:50-9.

Ye L., Amberg J. and Chapman D. 2014. Gaikowski M, Liu WT. Fish gut microbiota analysis differentiates
physiology and behaviour of invasive Asian carp and indigenous American fish. The ISME Journal, 8: 541-551

Yegane H., Kazemi R., Shenavar Masoule A., SayedHassani H., Yousefi Jourdehi A., hosseinpour Zelti
A .and Ghorbani Vaghei R. 2021. The effect of native probiotic on growth rate and some hematological and
immune indices in Huso huso fingerling. Journal of Aquaculture Development, 15(1):125-36.

Zhao S., Hu N., Chen Z., Zhao B. and Liang Y. 2009. Bioremediation of reclaimed wastewater used as
landscape water by using the denitrifying bacterium Bacillus cereus. Bulletin of environmental contamination and
toxicology, 83:337-40.

Zommiti M., Chikindas ML. and Ferchichi M. 2020. Probiotics—Ilive biotherapeutics: a story of success,
limitations, and future prospects—not only for humans. Probiotics and antimicrobial proteins, 12(3):1266-89.

Yy


https://jweb.ahvaz.iau.ir/article-1-1088-en.html

[ Downloaded from jweb.ahvaz.iau.ir on 2025-11-05 ]

The effect of different water circulation speeds on the microbial treatment
of effluent in a recirculating system for Huso huso culture

Mohsen Pourasadi!
Mehran Avakh Keysami'*

Masoud Sattari?
Hojatollah Zamani®

1. Department of Fisheries and Aquatics,
Agricultural Research and Education
Center and Natural Resources of Guilan
Province, Agricultural Research,
Education and Extension Organization,
Rasht, Iran.

2. Department of Fisheries, Faculty of
Natural Resources, University of Guilan,
Sowmeh Sara, Iran.

3. Department of Biology, Faculty of
Science, University of Guilan, Rasht,

Iran.

*Corresponding author:
dr.keysami@gmail.com

Received date: July/07/2025
Reception date: October/29/2025

Abstract

This study was conducted to investigate the effect of different
water circulation speeds on the purification of effluent using a
bacterial consortium (Bacillus, Corynebacterium, Nitrosomonas,
and Nitrobacter) at a concentration of 107 cells/mL. The study
also examined the effects of this treatment on the
physicochemical variables of water, fish growth, and the
bacterial density in the water and digestive tract of the fish. The
experiment was carried out at the Mirza Kuchak Khan Fisheries
Training Center in Gilan. Three experimental treatments and one
control (in triplicate) were used. The treatments involved
different flow rates and daily water circulation frequencies: T1
with 0.004 L/s (once per day), T2 with 0.008 L/s (twice per day),
and T3 with 0.012 L/s (three times per day). The control group
(C) received a flow rate of 0.004 L/s with circulation once per
day, but without bacterial inoculation. Water parameters
(ammonia, nitrite, and nitrate levels) and fish growth indices
(weight and growth indicators) were evaluated weekly. After
four weeks, a significant difference was observed in water quality
between the control and the experimental groups (P<0.05).
During the experiment, pH, oxygen, ammonia, nitrite, and nitrate
levels in the control group showed an increasing trend, while in
the three experimental treatments, they decreased. The survival
rate, weight gain, and specific growth rate were higher in the
treatments compared to the control group (P<0.05). Conversely,
the feed conversion ratio was higher in the control group. There
was no statistically significant difference between the
experimental treatments themselves (P>0.05). Therefore, based
on these results, treatments 1 and 2 can be considered for effluent
treatment and improving water quality for reuse in sturgeon
farming.

Keywords: Recirculating aquaculture system, Water quality,
Huso huso, Growth indices.
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