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Abstract:

Introduction: The development of intensive aquaculture has led to the emergence of various bacterial
diseases, the outbreak of which in fish farms may be caused by single or multiple pathogens. Considering
that infectious diseases are known as a big obstacle in the direction of aquaculture and its supply to the
world market, for the prevention and control of disease, veterinary drugs and recently vaccination are
mainly used in aquaculture farms.

Material and Methods: This research was conducted to investigate the effect of Lactobacillus plantarum
and Bacillus subtilis bacteria as probiotics, both alone and in conjunction with a bivalent vaccine for
streptococcosis/lactococcosis and a yersiniosis vaccine in rainbow trout fry with an average weight of
3.35 £ 0.3 grams, across 4 treatments and 3 repetitions over a period of 60 days. The experimental groups
included the first treatment (control) consisting of fish fed a basal diet without vaccine administration, the
second treatment with fish fed a diet containing 1 gram of probiotic per kilogram of feed without vaccine
administration, the third treatment with fish fed a basal diet along with vaccine administration, and the
fourth treatment with fish fed a diet containing 1 gram of probiotic per kilogram of feed along with
vaccine administration.
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Result and Discusion: The results showed that the growth indices and survival rates of the fed fish did
not have a significant difference compared to the control group (P>0.05). In the results of the samples
taken on day 30, no significant differences were observed in the factors of RBC, Hb, HCT, MCV, MCH,
and MCHC compared to the control group (P>0.05). In the results of the samples taken on day 60, the
number of red blood cells (RBC) in treatments 3 and 4 was lower than that of the control group (P<0.05),
while the MCV levels in groups 3 and 4 on day 60 showed an increase compared to the control group
(P<0.05). On day 30, the percentage of lymphocytes in the vaccinated groups showed a significant
increase compared to the control group (P<0.05), while no significant changes were observed in the
percentage of neutrophils, monocytes, and eosinophils at 30 and 60 minutes (P>0.05).

Conclution; Based on the results obtained from the present study, it can be concluded that the
administration of 1 gram of the specified probiotic in fish vaccinated with two types of bivalent vaccines
for streptococcosis/lactococcosis and yersiniosis did not have a significant positive effect on growth and
hematological indices.
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Table 1: Protocol of experimental Treatments in the present study

Treatments Immunization regime Feeding regime
1 Unvaccinated fish Normal diet without probiotic
2 Unvaccinated fish Probiotic (1g/ kg food)"
3 Vaccinated fish Normal diet without probiotic
4 Vaccinated fish Probiotic (1g/ kg food)*

* Lactobacillus plantarum and Bacillus subtilis bacteria in equal proportions and at a concentration of 10°CFU/g
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Table 2: Mean + SD of growth performance and feed utilization parameters in rainbow trout in
different treatments

Growth factor C (control) P \% V+P
30 Days
Initial weight (g) 3.240.2¢ 3.4+0.26 3.240.2° 3.4+0.15°
Final weight (g) 9.74+0.64 9.59+0.46" 9.82+0.24° 9.88+0.98°
WG% 173.53+£16.44° 168.65+14.07* 177.15+11.34° 179.35+31.08°
SGR% 7.13+£0.25° 7.07+£0.18* 7.17+0.092 7.18+0.372
FCR 0.79+0.06* 0.79+0.03* 0.8+0.01? 0.79+0.1°
PER 2.51+0.19* 2.48+0.09* 2.47+0.04* 2.52+0.332
FER 1.25+0.1° 1.23+0.04° 1.23+0.02° 1.254+0.16°
Survival rate% 94.16+1.52° 93.83+1.75° 94.5+1.732 94.66+1.15°
60 Days
Initial weight (g) 9.74+0.64* 9.59+0.46* 9.82+0.24 9 88+0.982
Final weight (¢) 23.28+0.64° 23.35+0.72° 24.04+0.4° 235940738
WG% 130.03£15.69° 136.21+3.7° 134.9+8.23? 131.34+14.15°
SGR% 10.14+0.1* 10.16+0.1* 10.26+0.06* 10.19+0.12
FCR 0.71£0.08* 0.69+0.04* 0.7+0.04* 0.71£0.082
PER 2.79+0.33* 2.85+0.22 2.8+0.14* 2.8+0.332
FER 1.3940.16* 1.42+0.1° 1.4+0.07° 1.4+0.16
Survival rate% 95.9+0.6° 96.76+2.72° 95.8+1.212 96.43+2.28"

P: fish fed with probiotic, V: fish immunized with vaccine, P+V: fish fed with Probiotic and immunized with vaccine. Values
(Mean£SE) containing different superscripts in the same row denotes significant difference between the treatments (p<0.05).
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Table 3: Mean = SD hematological parameters in rainbow trout in different treatments

hematological C (control) P A\ V+P
parameters
30 Day
RBC*10%(mm?) 6.46+1.55* 6.86+1.83* 6.56£1.91* 6.8+2.2°
Hb (g/dl) 13.93+3.26° 13.7£1.86% 13.16+£3.01° 13.76+1.77°
HCT (%) 19.66+5.03? 20.66+4.04° 21£3.6 21.66+4.042
MCV (FL) 30.35+1.04° 30.53£2.8° 32.73+4.63* 30.1+£0.95%
MCH (pg) 21.55+0.39* 20.54+3.31° 20.3+£2.06* 21.37+£5.56°
MCHC (g/dl) 71.1+£3.77% 67+6.112 62.31+3.95° 66.75+5.19°
60 Day
RBC*10%(mm?) 10.7342.12° 8.6+1.63% 6.1+£1.57° 6.53+1.68°
Hb (g/dl) 10.26+0.75* 9.5+1.73% 8.26+1.55° 8.26+1.74%
HCT (%) 27.33+1.522 25.1+2.53¢% 24+2.64* 24+42.64°
MCV (FL) 26.07+4.722 29.845.27% 40.29+5.92° 37.87+6.71°
MCH (pg) 9.75+1.64* 11.2+£2.26* 13.842.422 12.95+£2.77°
MCHC (g/dl) 37.53+0.87° 37.65+£2.96* 34.27+£3.31° 34.274+4.33%

P: fish fed with probiotic, V: fish immunized with vaccine, P+V: fish fed with Probiotic and immunized with vaccine. Values
(Mean£SE) containing different superscripts in the same row denotes significant difference between the treatments (p<0.05).
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Table 4: Mean = WBC and their differential count in rainbow trout in different treatments

parameters C (control) \% V+P
30 Day
WBC*10*(mm?) 6.64+2.722 6.92+3.01° 7.28+2.792 7.49+2 .93
Neutrophil% 1744.35% 14427 12.66+1.15° 14.33+£3.51°
Lymphocytes% 76+4.35° 82.33+3.21% 85.33+2.88° 81.66+2.88%
Monocyte% 6=1° 3.33+1.15¢ 1.66+1.15% 3+12
Eosinophil% 1+£12 0.33+0.57* 0.33+0.57* 1£12
60 Day
WBC*10*(mm?) 546.66+82.54° 346.33+89.76% 292.66+181.26° 256.66+63.87*
Neutrophil% 6.33+2.51* 7.33+2.88* 9.33+3.78* 6.66+3.05°
Lymphocytes% 68+13.07¢ 71£11.53¢% 71.66+6.02* 75.33+6.11*
Monocyte% 2549.64* 20.66+7.37° 18.66+2.88* 17.33+£5.77°
Eosinophil% 1+1.73% 1.33+1.52° 0.33+0.57° 0.33+0.57°

P: fish fed with probiotic, V: fish immunized with vaccine, P+V: fish fed with Probiotic and immunized with vaccine. Values
(Mean+SE) containing different superscripts in the same row denotes significant difference between the treatments (p<0.05).

O gl Pl Wlg o dd, Lls (2019b
(Il s it 5 8 B 515 0T 36 o A8
5 odd (S3lepel Olale o 55 S g 5 eslinul
L5 or ST s 1 5 S5 O 2 Fer Sl 2l
ST e Asy Cands g e DS i
o 4S5 Olale 53 zg oS i, sl e la
STy Olale & S Sy b oedd 4l
Bl s 4 dlg e Smsn b oedd wldis
SISV PRI EEPCRURS TS K S YO
O grliceSTy 51 56 ol G L 5 0 gemlinST
93 ok odalin ool oyl aen Jl= opl b Ll
O, 5 Koskela adlas )5 .55 5l b anllas
Apoject ) (sylaw STy 95 gwyp 4 &S (Y00 F)
2 S Syse 4 (1800 and Lipogen duo
(Coregonus lavaretus L.) olLs,l sl diw

odalive oale iy p STy 30 pe (s als

S
& B. subtilis 5 L. plantarum gl S sl
i€ STy L Ok 5 ol
Sy s 3 S SV a3 S S
Ol 6K iy Sl gSE gy st s
b sl O 355 51587 05 8 4 S (6415 e
F5 058 SRl sl sS6 ke slael 5y
BL U:Sﬁﬁ &‘)K Cj}‘u\& &‘)K CJ.; La}ij J..&)
058 4 Cod ¥ Sa) 03 S smart eS Ty Jlad
Ll G S Kr Sl 4 ar g
Eol Rl sdie Gileom!l ST b 05T
s Shes 5 Ogllal SIS Cage el
Gb 3 Sl (e Yzl &S 58 0 (S5 s sm
Soltani et al., ) Ail eudple ooy Al 3l


http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-30 ]

[ DOI: 10.71901/jad-2025-2-846 |

04 oy Ay o e\ s Bacillus subtilis s Lactobacillus plantarum s\ S f.,l:

.(Soleimani et al., 2012; Geraylou et al., 2012)
A3 Jes Gl e Sy Jl ol b
Sl & Ssmspn 5 STy Sl o1l
313 5L (6 i
Sdat oS s edalie O glaesls LT 51 ey
53 oo san Lo o CBAE 0 IS s a5 U5
A o pen e o Kile 0 5 U
53l ualllas 53 055 o5 Sl S Lo e o
I 0L 3 s 1y (g lsbian ks &Ko Y0 S,
S5 5l 503 Sl s5ls 2 g0 P 5y 53
4 o (5 )l3kme sb 4 S s p + STy les
Logia Olpn Blin 53 5 axils alS J 28 05 8
e 93 ol 03 Js e s S ses
JAS 05 8t o (S pmg 3 + 0S5 (S 5)
Ul ol isls 0L s Sl Ty olalias Tl
I A L e
OL,ea 5 Soltani .asl 3 slad W8 slaw
L S gmsp 56 6oy p oS glanlllas b (Y+)4a)
bokd peul 0S50, VT3 s, 2 plantarum
355 S FV 355 S el 68 55 STl
L HD 5 05 adsdS Ol S il (sl
S L3S odalie SSsmsn +omSls Dl o
FrORIF L Gk i e T L ls e
3,5 0l ST b el & el 3yl
Slmsg 4 S s Gladlas 5 LOT (uoan
WS 5, YT L plantarum S 4o
6 Son (Wis g als y Vo ruckeri | ods STy
odalie S5 glen mhaw 53 1) Gols e Sl
s Alishahi .(Soltani et al, 2019b) %555
Aeromonas .Sy LSU pe YoV Ol

il Slgen b oallas il b S (Cal o
il 5o DambnsTly Sle 4 Aiy ials
odd odalin 55 Olabe 53T Ll g5y, Sde ol S
S cladlas 5> (Pylkkd et al., 2000) ol
6wy bl s (YeV4a) 0, Kes 5 Soltani
Loy b el Lo plantarum &gﬁ)ﬁ
G855 STy b oks w5 OLS 5SS, VT3
sl el 5SS SV 5SS 5y
Sl ods slas slaos S ples s ddy 5 Shae
A53ls Ol s 31 S 05 8 4 S 1y (6415 ome
4 di anSTly Olale 53 O Hlie o i o5 (5, 5k
OLSea 5 Soltani pwomes 3 K5 gus 0 b odd
05 iy b, sSTh s e 5l plie 4 (Y014D)
Yersinia L olis awuSly QL‘SOKJJ <YTJ ;3
L. plantarum &S oy, b ods 4% 5 ruckeri
GYTUS 5o iy la,gSh 55 .U, sdalin
3 38 S Sl ST b eks el 0LS S,
Gadlas 5 O Bl pwl ¢S e b odd adi
el odd odalie (Y41Y) 0, 5 Babzahreh
Lsls plonil 457wy (b (Y4IA) 0l,8a 5 Khaj
i€ STy Sl eslimul &S wmlgs
Aquavac &S5 35S S sS85 54 el
il LS 55, YTU 55 s,y cu - Garvetil
—anllas 53 oleT s 4 gl 3 D pl s e
g5 4 el S Slallles ple L Lo
Syae Ol Ode (gME ) S 55
Jsb 0T (B pae 6 gy 535 5o b 5 ST s
OT o 5 Al 68 (Jams Ll 5 (b5 0593
10l 3wl 53 W5 o Jalge cpl aen & (Sl

LEL S SSsmsn 5 STy om gl Bl


http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-30 ]

[ DOI: 10.71901/jad-2025-2-846 |

\Fe¥ Q\:.“.J.U c(ajb a)l.‘..fn ‘v-“").}’. Ju cd)}};‘_;}ﬁw}: 44”].&4

o 5 (Sadysler) Slos Gbldl Gilos
S S i e 3 SIS es b i
Jelse 36 Cow Lig e Olale 55 Lo, S6 ol
Jolss 5 (Dol 4250 5 oS5 )5 0599) (ams
(Gladss Lylys 5 o (&8 (S5 5 50
.(Brunt and Austin, 2005) % &, | 3
DL Y j)) DL L AAJLEJ DL J.:.Lw LSL&J}J? sldes
b 3 VL ST e 5 S g + S 1 Dles
Sldas Lﬂﬁlﬁ" Il Jay > Ad odalice L&)La.;
toSls 5 STy Gyl s Ldw bl
IS 05 8 4 i Gola e sk 4 ¢SS sus
dﬁfa);):@ﬂtgu;]}fblw)wbﬂlf
33 23 S s Ao s Sl 03 90 i ba)led 4y
Sl U8 05 8 4 STy Hlas 3 P
Lo p i P Gey o Sl @lly (Hld gme
e 3 S p + Sl e 4 et o 5]
R 68 g5 g bl oy uSTs s
85255 5 S gsn e Jdo S5 L nd 53 ol e
Gy gl Gb i dalie 0 5 T G0l 3
5 05l L 5SB o 213 o gt coke]
sy b S LS ) p STy 4l
s Pereira (g adlae )5 b il L Gille .ZIN
25588 @l e Sl gy 4 S (2016) O, Ken
Weissella.  SGsms, sS6 L JoSe olie

s L Pl BE cibaria

Pseudoplatystoma  reticulatumQ x P. )
A. hydrophila e ods auS'\y (corruscansd
35 WBC Ol 53 (6 ,mdd 4 Sond (Lid g s
Ol Cpimeed 5 odalie odd s sls 055

+ oSy Sl 5 STy sled O 5 b S sl

Sl,ysSb  Jseney S b s hydrophila
5 SsfS sl Saul s RBC HCT dHb s
s A. hydrophila .55 <18 ! e roan
—o5SB 2 a5 Al 3 OIS SU Ol
s Pourmozafar .58 i, |, S s
2 Sl 56 ey w0 &S (Y10) O
oS b e pul 0SS, YT
Likewry Sl s g €55 1 s 58S SS 5 ol
Hb, HCT, sla, sS 6 , Slhix 56 3,85 Sb oS
K5 laadlas 53 3,05 MCHC 3 MCV, MCH
Ao el (Y2 A) oI, 5 Fagani by «
S CSE s lame ek 48
N S SR K X SR U
sdalin sl ST ol pen & ) oS S 55
oSls s Ol ST 31 Gl memen 35
RBC, HCT,  sla,sS6 » 55 )55 55 54 5
OS5, YTJ5 ,> MCHC 5 MCV, MCH
»> (Fagani ef al., 2009) slu olis 1y gl o
s Andrews Olllks ys Hb 3 RBC il file
Akrami «(Y+\¥) O, en 5 Taati «(Y++9) o,
(Y+1Y) 01,ea 5 Hosseinifar 5 (Y+11) 01, Ken o
53 L S OBl 36 s 4 i 4 S
Sosmsn b Ol Al Jb 4l (giis ale)sS
Al Js 53 555538 5 sl Sl gl
S 47 iz pp el 0l oalie Ln g s
S Oldlas L3l 5 en g Laseiel T jI Gds
» RBC S oSt pts Sl Ll
S b F s Olg o alie Slllas 5 b )y
6 o 3 Sl Ly it sl 55

Jol e 3 cgibocms Y| g 45,55 515 (6 5ba sl


http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-30 ]

[ DOI: 10.71901/jad-2025-2-846 |

£ oy Ay o e\ s Bacillus subtilis s Lactobacillus plantarum s\ S f.,l:

Khoshbavar-Rostami et al., 2007; Silva et al.,
A edias Olas i slad I8 slaw il 551 .(2009
5 ol e S ST
Sl S Comar B AL ol
wdlp L L edd el gles 8 o e
23 Sosdbse 9 Ay s, 4 Streptococcus iniae
5 Soltani andlee > aia ¥ b 0LS .55, YTJ 53
ok ool LS ale 3 cpiman 5 (Y00 ) OSKs
OgelinSTly 51 dr ole S G S, inige o SU L
McNulty et al, 2003) calods iyl 8
23 2l sl S, ST s ) (N i i)
Ol s MeNulty 5 dib o o5, Julse ol
JS slaws a5l s 1y LOT sl ill (Yee)

Alansls §ge diw sl IS

S 5 oms
ol gadlas | edeT Cows @ @Lﬁ 4 axg b
S S S s g oS 55 s Ul o
oS V) kil skl 5 oM sl sSY
95 Lol alSTy sla ale 5 (lde r;}l;ﬁ))
5 S S SV G588 S ) Sy g s
JB 5 bl e 1 a5 (S s S
S sl S ples 5 i) Glaetls (o
& oS ol lasdlan sl ol e AT ull
o ki STy Olale » Ssmsp 035 Slio (oo

S Rl
S s Gl s S Lulg 0By
Sl b 5SS s s S ey 5 S ke
s K S (CJ{ Sl pl) S

oS 05 Sy gla oale b amglin )3 S
5 b Cewpid el sl 68 ol s sy
Lo Ol s o dily (o S5 sl ST
e ale 53 A3l O palnSTly 4 uly 5o s 3L
L gla J ol sl 457 555 o Wil codd 4nnST
Pereira et al., ) asdllas 3 (Jl= ol b LS 55 O
il 5 OS5 gy S b anlllas ioeen 5 (2016
OLKen 5 Yaziki .idw 55 1) la Jobe sldw
sl S Lo plantarum 1 g 56 (YD)
adlae 3 03,5 edalie OLS 5, YTU 5
S wsp 4 &S (YN0) 0l,Kes 5 Morshedi
o ol e S Sslsh 15 S s
o Ls g asls , (Sparidentex hasta) s sl
L 51ad 58 Oln 53 5ol e D &5 St

5SS odaline
GYTF 3 die el slaw bl s
Lo Ssmsn 0o b b ok 4Ty 0LS oK,
4 (Y+14a) 01, 5 Soltani axlles s plantarum
odd odalin VL Loy $ Llu I (gl gae Hsb
> Ebanasar s Venkatalakshmi asjles 5 .ol
A 6L L eas wnSTy LS YN Jl
33 skl sSY L oedd a4dis 3 hydrophila
2 bl 5 b Loy s ke glalbls
391 0 oslitul g 4 ST 45 a5 5 L aylie
Oreochromis ) |5 WS al ;3 55 Jlb
4SSy (Huso huso) )b s Olale s (niloticus
O. mykiss b 9 A. hydrophila | ag>1 e 55 odi
Lagrlsn o 4 (9B Ay STy L ods anSTl
i d 8 a1l 55 gl 455 4w
Nikoskelainen et al., 2007; ) ol ois uij\f


http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-30 ]

[ DOI: 10.71901/jad-2025-2-846 |

¥

g Q\:.“.J.Ucrjba)uuvﬁbj}id\.ac‘_;)jﬁ‘_;k]'w)]44”].&5

10.2174/156652310790945557

Balcazar, J.L., De Blas, 1., Ruiz-Zarzuela,
I., Cunningham, D., Vendrell, D. and
Muizquiz, J.L., 2006. The role of probiotics
in aquaculture. Veterinary
Microbiology, 114(3-4), pp.-173-186.
DOI:10.1016/j.vetmic.2006.01.009
Blaxhall, P.C., 1972. The haematological
assessment of the health of freshwater fish:
a review of selected literature. Journal of
Fish  Biology, 4(4), pp.593-604. DOI:
10.1111/j.1095-8649.1972.tb05704.x

. Brunt, J. and Austin, B., 2005. Use of a

probiotic to control lactococcosis and
streptococcosis  in  rainbow  trout,
Oncorhynchus mykiss (Walbaum). Journal
of Fish Diseases, 28(12), pp.693-701.
DOI: 10.1111/j.1365-2761.2005.00672.x
Cabello, F. C., Godfrey, H. P., Tomova,
A., Ivanova, L., Dolz, H., Millanao, A. and
Buschmann, A. H., 2013. Antimicrobial
use in aquaculture re-examined: its
relevance to antimicrobial resistance and to
animal and human health. Environmental
Microbiology, 15(7), pp.1917-1942. DOI:
10.1111/1462-2920.12134

10.El Basuini, M.F., Teiba, 1.I., Zaki, M.A.,

1

—

Alabssawy, A.N., El-Hais, A.M., Gabr,
A.A., Dawood, M.A.O., Zaineldin, A.L,
Mzengereza, K., Shadrack, R.S. and
Dossou, S., 2020. Assessing the
effectiveness of  CoQI10 dietary
supplementation on growth performance,
digestive enzymes, blood health, immune
response, and oxidative-related genes
expression of Nile tilapia (Oreochromis
niloticus). Fish and Shellfish
Immunology, 98, pp.420-428. DOI:
10.1016/j.£51.2020.01.052

.Enferadi, M.H.N., Mohammadizadeh, F.,

Soltani, M., Bahri, A.H. and Sheikhzadeh,
N., 2018. Effects of LactoBacillus
plantarum  on  growth performance,
proteolytic enzymes activity and intestine
morphology in rainbow trout
(Oncorhynchus mykiss). Turkish Journal of
Fisheries and Aquatic Sciences, 18(2),
pp-351-356. DOI:10.4194/1303-2712-
vi8 2 14

12.Faqgani, T., Azari Takami, G., Kousha, A.

and Faghani, S., 2008. Surveying on

7Y

Ol SHls OS5 s ol plasl 53 sl
> SSsmsp Sl JoSe oSS 5) Olale s
5 Pran SSsmsp ool Cer 4 (OLRT 5 sb
5 Solem S @ g A slex I mes

.AJ)\:@C)&GU\:Jz)jﬁL;LA&..fUQAJA.SrA\Jé

S Rl
ol sl o5 Ol gs Suels 5 LSS

b ol Sl G

&b

1. Akrami, R., Gholichi, A. and Ahmadi, A.,
2011. The effect of dietary probiotic inulin
on hematological and biochemical serum
parameters of young farmed elephantfish
(Huso  huso). Journal of Veterinary
Research, 66(2), pp.131-136. [In Persian]

2. Alishahi, M., Ranjbar, MM.,
Ghorbanpour, M., Peyghan, R., Mesbah,
M. and Razi, J.M., 2010. Effects of dietary
Aloe vera on some specific and
nonspecific immunity in the common carp
(Cyprinus carpio). Journal of Veterinary
Researches, 4(3), pp.85-91. [In Persian]

3. Andrews, S.R., Sahu, N. P., Pal, A.K. and
Kumar, S., 2009. Haematological
modulation and growth of Labeo rohita
fingerlings: effect of dietary mannan
oligosaccharide, yeast extract, protein
hydrolysate and chlorella. Aquaculture
Research, 41(1), pp.61-69. DOI:
10.1111/5.1365-2109.2009.02304.x

4. Badzahreh, G., Soltani, M., Shahhosseini,
G.R. and Nafisi Bahabadi, M., 2012. The
effect of glucan on growth, survival and
efficacy of anti-streptococcosis vaccine in
rainbow trout (Oncorhynchus mykiss).
Journal of Veterinary Research, 67(1),
pp-11-17. [In Persian]

5. Bahey-El-Din, M., Gahan, C.G. and
Griffin, B.T., 2010. Lactococcus lactis as a
cell factory for delivery of therapeutic
proteins. Current Gene Therapy, 10(1),
pp-34-45. DOI:


http://dx.doi.org/10.1111/j.1365-2109.2009.02304.x
https://doi.org/10.1016/j.vetmic.2006.01.009
http://dx.doi.org/10.1111/j.1095-8649.1972.tb05704.x
https://doi.org/10.1111/j.1365-2761.2005.00672.x
http://dx.doi.org/10.1016/j.fsi.2020.01.052
http://dx.doi.org/10.4194/1303-2712-v18_2_14
http://dx.doi.org/10.4194/1303-2712-v18_2_14
http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-30 ]

[ DOI: 10.71901/jad-2025-2-846 |

4 oy Ay o e\ s Bacillus subtilis s Lactobacillus plantarum s\ S f.,l:

serum biochemical parameters and liver
enzymes of juvenile beluga (Huso huso).
Iranian Scientific Fisheries Journal, 20(2),
pp.27-36. DOI:
10.22092/ISFJ.2017.109989 [In Persian]

18.Khaj, H., Mesbah, M., Tabande, M.R. and
Mohamadian, T., Dadar, M., 2018.
Comparative effects of Aquavac and
Iranian streptococcus/lactococcus vaccine
on Health Factors in rainbow trout
(Onchorhynchus mykiss). Iranian
Veterinary Journal, 13(4), pp.28-42. DOL:
10.22055/1vj.2017.48182.1696 [In Persian]

19.Khoshbavar Rostami, H.A., Soltani, M.
and Hassan, H.M.D., 2007. Immune
responses of great sturgeon Huso huso to
Aeromonas hydrophila bacterin. Journal of
Fish Biology, 70(6), pp-1931-1938.
DOI:1095-8649.2007.01468.x

20.Koskela, J., Rahkonen, R., Pasternack, M.
and Knuutinen, H., 2004. Effect of
immunization with two commercial
vaccines on feed intake, growth, and
lysozyme activity in European whitefish
(Coregonus lavaretus
L.). Aquaculture, 234(1-4), pp.41-50. DOL:
10.1016/j.aquaculture.2003.11.036

21.Lee, S., Katya, K., Park, Y., Won, S.,
Seong, M. and Bai, S.C.,, 2017.
Comparative  evaluation of  dietary
probiotics Bacillus subtilis WB60 and
Lactobacillus plantarum KCTC3928 on
the growth performance, immunological
parameters, gut morphology and disease
resistance in Japanese eel, Anguilla
japonica. Fish and Shellfish
Immunology, 61, pp-201-210. DOI:
10.1016/j.£51.2016.12.035

22.Li, Y., Yang, Y., Song, L., Wang, J., Hu,
Y., Yang, Q., Cheng, P. and Li, J., 2021.
Effects of dietary supplementation of
Lactobacillus  plantarum and Bacillus
subtilis on growth performance, survival,
immune response, antioxidant capacity and
digestive enzyme activity in olive flounder
(Paralichthys olivaceus). Aquaculture and
Fisheries, 6(3), pp-283-288. DOI:
10.1016/j.aaf.2020.10.006

23.Livak, K.J. and Schmittgen, T.D., 2001.
Analysis of relative gene expression data
using real-time quantitative PCR and the

alginic acid and anti-streptococcus vaccine
effects on the growth performance,
survival rate, hematological parameters in
rainbow trout (Oncorhynchos
mykiss). World Journal of Zoology, 3(2),
pp.54-58.

13.Faqani, T., Azari-Takami, Q., Ghiyasi, M.,
Fagani, S. and Ahmadifar, A., 2009.
Evaluation of the effect of Argosan and
anti-streptococcus  vaccine on  blood
parameters of rainbow trout. Journal of
Fisheries, University of Tehran, 3(2),
pp.57-62. [In Persian]

14.Geraylou, Z., Souffreau, C., Rurangwa, E.,
D'Hondt, S., Callewaert, L., Courtin, C.
M., Delcour, J.A., Buyse, J. and Ollevier.,
F., 2012. Effects of arabinoxylan-
oligosaccharides (AXOS) on juvenile
Siberian sturgeon (Acipenser  baerii)
performance, immune responses and
gastrointestinal microbial community. Fish
and Shellfish Immunology, 33(4), pp.718-
724. DOI: 10.1016/].151.2012.06.010

15.Guimaries, M.C,, Cerezo, M.,
Fernandez-Alarcon, M. F., Natori, M. M.,
Sato, L.Y., Kato, C.A.T., Morifiigo, M.A.,
Tapia-Paniagua, S., Dias, D.D.C,
Ishikawa, C.M., Ranzani-Paiva, M.J.T.,
Cassiano, L.L., Bach, E.E., Clissa, P.B.,
Orefice, D.P. and Tachibana, L., 2022.
Oral administration of probiotics (Bacillus
subtilis and Lactobacillus plantarum) in
nile tilapia (Oreochromis  niloticus)
vaccinated  and  challenged  with
Streptococcus agalactiae. Fishes, 7(4),
pp.1-18. DOI:10.3390/fishes7040211

16.Hassaninia, A., Vahabzadeh Roudsari, H.,
Khara, H., Shenavr Masouleh, A.R. and
Ahmadnejad. M., 2002. Effects of diet
containing Lactococcus lactis and Bacillus
subtilis bacteria on growth indices and
liver enzymes of tiger oscar fish
(4stronotus ocellatus). Journal of Aquatic
Physiology and  Biotechnology, 9(2),

pp-58-39. DOI:
10.22124/japb.2021.17971.1398 [In
Persian]

17.Hosseinifar, H., Mirvaqefi, A., Majazi
Amiri, B., Khoshbavar Rostami, H. and
Darvish Bastami, K., 2011. he effects of
prebiotic oligofructose on hematological,


http://dx.doi.org/10.3390/fishes7040211
https://doi.org/10.22124/japb.2021.17971.1398
http://dx.doi.org/10.22092/ISFJ.2017.109989
https://doi.org/10.22055/ivj.2017.48182.1696
https://doi.org/10.1111/j.1095-8649.2007.01468.x
http://dx.doi.org/10.1016/j.aquaculture.2003.11.036
http://dx.doi.org/10.1016/j.aaf.2020.10.006
http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-30 ]

[ DOI: 10.71901/jad-2025-2-846 |

\Fe¥ Q\:«.{U c(ajb a)l.‘..fn ‘v-“").}’. Ju c‘_;)jj.;‘_;};"w)] 44”].&4

Pirali Kheirabad, E., 2018. Effects of
essential oils of Satureja bachtiarica and
Nigella sativa on the efficacy of
lactococcosis vaccine in rainbow trout
(Oncorhynchus mykiss). Iranian Journal of
Fisheries Science, 17(1), pp.95-106. DOI:
0.22092/1JFS.2018.115587

31.Sheehan, B., Labrie, L., Lee, Y., Lim, W.,

Wong, F., Chan, J., Komar, C., Wendover,
N. and Grisez, L., 2009. Streptococcal
diseases in farmed tilapia. Aquaculture
Asia Pacific, 5(6), pp.26-29.

32.Silva, B.C., Martins, M.L., Jatoba, A.,

Buglione Neto, C.C., Vieira, F.N., Pereira,
G.V., Jerénimo, G.T., Seiffert, W.Q. and
Mourifio, J.L.P., 2009. Hematological and
immunological responses of Nile tilapia
after polyvalent vaccine administration by
different routes. Pesquisa  Veterinaria
Brasileira, 29(11), pp-874-880.  DOI:
10.1590/S0100-736X2009001100002

33.Soleimani, N., Hoseinifar, S.H.,

Merrifield, D.L., Barati, M. and Abadi,
Z.H., 2012. Dietary supplementation of
fructooligosaccharide (FOS) improves the
innate immune response, stress resistance,
digestive enzyme activities and growth
performance of Caspian roach (Rutilus
rutilus) fry. Fish and Shellfish
Immunology, 32(2), pp.316-321. DOL:
10.1016/j.£51.2011.11.023

34.Soltani, M., Alishahi, M., Khozainia, P.,

Rabbani, M. and Sattari, A., 2007. Study
of some immune responses of rainbow
trout to some antigens of Streptococcus

inei. Journal of Veterinary Research,
62(1), pp.1-9. [In Persian]

35.Soltani, M., Emami, A.R., Taheri, M.A.,

Moghani, M. and Shahbazi, M., 2017. The
effect of macroguard immunostimulatory
on the effectiveness of  double
lactococcosis /streptococcosis vaccine in
rainbow trout fry. Journal of Aquaculture
Development, 11(2), pp.61-67. [In Persian]

36.Soltani, M., Kane, A., Taheri-Mirghaed,

A., Pakzad, K. and Hosseini-Shekarabi, P.,
2019. Effect of the probiotic, Lactobacillus
plantarum on growth performance and
haematological indices of rainbow trout
(Oncorhynchus mykiss) immunized with
bivalent streptococcosis/lactococcosis

5¥

2— AACT method. Methods, 25(4), pp.402-
408. DOI:10.1006/meth.2001

24 McNulty, S.T., Klesius, P.H., Shoemaker,
C.A. and Evans, J.J., 2003. Hematological
changes in Nile tilapia (Oreochromis
niloticus) infected with Streptococcus
iniae by nare inoculation. Journal of the
World Aquaculture Society, 34(3), pp.418-
422. DOLI: 10.1111/5.1749-
7345.2003.tb00080.x

25.Morshedi, V., Agh, N., Mormazi, J.,
Nouri, F. and Mohammadian, T., 2015.
Effects of dietary xylo-oligosaccharide
probiotics on growth and feeding
performance, blood factors and non-
specific immune response of juvenile sabiti
(Sparidentex hasta). Journal of Marine
Biology, 7(26), pp.69-82. [In Persian]

26.Nikoskelainen, S., Verho, S., Jarvinen, S.,
Madetoja, J., Wiklund, T. and Lilius, E.M.,
2007. Multiple whole bacterial antigens in
polyvalent vaccine may result in inhibition
of specific responses in rainbow trout
(Oncorhynchus mykiss). Fish & Shellfish
Immunology, 22(3), pp.206-217. DOIL:
10.1016/].1s1.2006.04.010

27 Pereira, G.D.V., Jesus, G.F.A., Vieira,
F.D. N., Pereira, S.A., Ushizima, T.T.,
Mourifio, J.L.P. and Martins, M.L., 2016.
Probiotic supplementation in diet and
vaccination of hybrid surubim
(Pseudoplatystoma  reticulatum® x P.
corruscans?). Ciéncia Rural, 46(2),

pp.348-353. DOL: 10.1590/0103-

8478cr20150543

28.Pourmozafar, S., Soltani, M., Nafisi
Bahabadi, M., Mohajeri, J., Mohammadi,
M. and Pazir, K., 2015. Study of the effect
of Macroguard on the efficacy of anti-
streptococcosis vaccine and some blood
and growth indices of rainbow trout
(Oncorhunchus mykiss). Iranian
Veterinary Journal, 11(2). pp.45-53. DOI:
10.22055/1vj.2015.10111 [In Persian]

29.Pylkko, P., Lyytikdinen, T., Ritola, O. and
Pelkonen, S., 2000. Vaccination influences
growth of Arctic charr. Diseases of
Aquatic Organisms, 43(1), pp.77-80. DOLI:
10.3354/dao043077

30.Raissy, M., Hashemi, S., Roushan, M.,
Jafarian, M., Momtaz, H., Soltani, M. and


http://dx.doi.org/10.1006/meth.2001
http://dx.doi.org/10.1111/j.1749-7345.2003.tb00080.x
http://dx.doi.org/10.1111/j.1749-7345.2003.tb00080.x
http://dx.doi.org/10.1016/j.fsi.2006.04.010
https://doi.org/10.22055/ivj.2015.10111
http://dx.doi.org/10.3354/dao043077
https://www.cabidigitallibrary.org/authored-by/Komar/C
https://www.cabidigitallibrary.org/authored-by/Wendover/N
http://dx.doi.org/10.1590/S0100-736X2009001100002
https://doi.org/10.1016/j.fsi.2011.11.023
http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-30 ]

[ DOI: 10.71901/jad-2025-2-846 |

70 oy Ay o e\ s Bacillus subtilis s Lactobacillus plantarum s\ S f.,l:

and Aquatic Studies, 2(4), pp.362-369.

44 Westers, L., Westers, H. and Quax, W.J.,
2004. Bacillus subtilis as cell factory for
pharmaceutical proteins: a
biotechnological approach to optimize the
host organism. Biochimica et Biophysica
Acta (BBA)-Molecular Cell
Research, 1694(1-3), pp.299-310. DOIL:
10.1016/j.bbamcr.2004.02.011

45.Yaziki, 1.S., Hisar, O., Yilmaz, S. and
Yigit, M., 2015. Effects of different
probiotic bacteria on growth, body
composition, immune response and
hematological parameters of rainbow trout
(Oncorhynchus mykiss) under sublethal
water temperature. Marine Science and
Technology Bulletin, 4(2), pp.21-28.

vaccine. lranian Journal of Fisheries
Sciences, 18(2), pp.283-295.
DOI:10.22092/ijfs.2018.117757

37.Soltani, M., Pakzad, K., Taheri-Mirghaed,
A., Mirzargar, S., Shekarabi, S.P. H.,
Yosefi, P. and Soleymani, N., 2019.
Dietary application of the probiotic
Lactobacillus plantarum 426951 enhances
immune status and growth of rainbow trout
(Oncorhynchus mykiss) vaccinated against
Yersinia ruckeri. Probiotics and
Antimicrobial Proteins, 11, pp.207-219.
DOI: 10.1007/s12602-017-9376-5

38.Steidler, L., Rottiers, P. and Coulie, B.,
2009. Actobiotics™ as a Novel Method for
Cytokine Delivery: The Interleukin-10
Case. Annals of the New York Academy of
Sciences, 1182(1), pp.135-145. DOI:
10.1111/j.1749-6632.2009.05067.x

39.Stolen, J.S., Fletcher, T.C., Anderson,
D.P., Kaattari, S.L. and Rowley, A.F.,
1992. Techniques in fish immunology.
USGS Publications Warehouse, 196 P.

40.Sun, Y.Z., Yang, H.L., Ma, R.L. and Lin,
W. Y., 2010. Probiotic applications of two
dominant gut Bacillus strains with
antagonistic activity improved the growth
performance and immune responses of
grouper Epinephelus coioides. Fish &
Shellfish Immunology, 29(5), pp.803-809.
DOI:10.1016/j.fs1.2010.07.018

41.Svobodova, Z., Fravda, D. and Palakova,
1., 1991. Unified methods of
haematological examination of Research
institute of  fish culture and
hydrobiology. Research Institute of fish
culture and hydrobiology, Vodnany,
Czechoslovekia, 31 P.

42 Taati, R., Tatina, M. and Bahmani, M.,
2013. Effect of immunostimulants
Immunoaster and Immunoval on blood,
biochemical and immune indices of young
farmed elephantfish (Huso huso). Journal
of Veterinary Research, 68(2), pp.175-182.
DOLI: 10.22059/jvr.2013.31965 [In
Persian]

43 Venkatalakshmi, S., Ebanasar, J., 2015.
Immunostimulatory effect of Lactobacillus
sporogenes on the nonspecific defense
mechanisms of Oreochromis mossambicus
(Peters). International Journal of Fisheries


http://dx.doi.org/10.22092/ijfs.2018.117757
https://link.springer.com/article/10.1007/s12602-017-9376-5
http://dx.doi.org/10.1111/j.1749-6632.2009.05067.x
https://www.cabidigitallibrary.org/authored-by/Stolen/J+S
https://www.cabidigitallibrary.org/authored-by/Fletcher/T+C
https://pubs.usgs.gov/
http://dx.doi.org/10.1016/j.fsi.2010.07.018
https://doi.org/10.22059/jvr.2013.31965
http://dx.doi.org/10.71901/jad-2025-2-846
https://aqudev.liau.ac.ir/article-1-846-en.html
http://www.tcpdf.org

