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Introduction

Aquaculture, as one of the most important sources of animal protein, plays an increasingly significant role
in global food security, and its importance has grown further due to the depletion of natural stocks and the
rising demand for seafood (Madhana et al., 2021). In this context, shrimp farming has expanded rapidly,
particularly in tropical countries, and has become a key sector of aquaculture production (HAU and
Haryana, 2022). The Pacific white shrimp Litopenaeus vannamei is considered one of the most important
cultured species due to its fast growth, high survival rate, relative resistance to diseases, and tolerance to a
wide range of salinities, making it especially suitable for the environmental conditions of southern Iran
(Chong-Robles et al.,2014; Laramore et al., 2001). Despite advances in management practices, bacterial
diseases remain among the main challenges faced by shrimp farms, with vibriosis caused by Vibrio spp.
being a major contributor to mortality and economic losses (Muthu et al., 2024). Vibrios are
Gram-negative pathogenic bacteria that not only cause diseases in aquatic animals but can also lead to
foodborne infections in humans (Bintsis, 2017). The excessive use of antibiotics to control these diseases
has resulted in the emergence of antibiotic-resistant bacteria and disruption of the microbial balance in
aquaculture environments (Kesarcodi-Watson et a/., 2008). In this regard, environmentally friendly and
preventive approaches, such as the use of probiotics as suitable alternatives to antibiotics, have gained
increasing attention (Defoirdt ef al., 2011; Proespraiwong et al., 2023). Probiotics contribute to disease
reduction and improved survival by enhancing water quality, strengthening host immunity, and competing
with pathogenic bacteria, particularly Vibrio spp. (Lahay et al., 2023; Verschuere et al., 2000). The
efficacy of these compounds is commonly evaluated through in vitro antagonism assays

(Kesarcodi-Watson et al., 2008).The native probiotic “Tek Cell Plus,” which was isolated from shrimp
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farms in Bushehr Province and has reached industrial-scale production following global registration and
extensive testing (Ghaednia et al., 2024; Mahjoub ef al., 2019), was evaluated in the present study for its
ability to reduce the bacterial load of vibrios in the pond water of Pacific white shrimp broodstock culture
systems, as well as for its inhibitory effects on vibrio growth under laboratory conditions.
Methodology

Aqueous samples were procured from three discrete broodstock production ponds in the Konarak district
utilizing stratified random sampling techniques at a standardized depth of 30 cm below the water surface
interface. Comprehensive aquaculture management parameters were documented, including water quality
management protocols, nutritional regimes, and physicochemical variables (salinity, pH, and thermal
gradient). Laboratory analyses incorporated sample homogenization followed by selective and differential
microbiological cultivation on MYP, TSA, and TCBS media, with triplicate inoculations to ensure
statistical validity. The antagonistic properties of the commercial probiotic against indigenous Vibrio
isolates were evaluated through quantitative inhibition zone assays using the agar well diffusion
methodology. Positive controls consisted of pre-intervention Vibrio population densities, allowing for
comparative efficacy assessment.

Result

Microbiological enumeration demonstrated a statistically significant reduction (p<0.05) in Vibrio spp.
population densities following probiotic application across all experimental units. Specifically, Total
Vibrio Count (TVC) and Total Heterotrophic Bacteria (THB) in ponds 1, 2, and 3 exhibited pre-
intervention values of 3.2x10?, 4.3x10?% and 5x10* CFU/mL, respectively. Post-application analyses
revealed substantial reductions to 3x102, 1.3x10% and 4x10*> CFU/mL, respectively, indicating a
logarithmic decrease in bacterial load, particularly in pond 3. In vitro antagonism assays utilizing the well
diffusion technique revealed differential inhibitory capacities. The commercial probiotic suspension (C1)
demonstrated maximum and minimum inhibition growth zones against A1-MYP (7.5+£0.2 mm) and V.p-
TSA (6.3+£0.1 mm), respectively. When utilizing purified bacterial isolates from the commercial probiotic
(C2), enhanced inhibitory efficacy was observed, with maximum and minimum zones of inhibition
registered against AI-MYP (8.5+£0.2 mm) and B2-MYP (6.0+0.1 mm), respectively. The most pronounced
antimicrobial activity was consistently observed against the Al isolate and Vibrio parahaemolyticus,
suggesting strain-specific antagonistic mechanisms.

Discussion and conclusions

The present findings demonstrate that the native probiotic Tek Cell Plus, identified as Bacillus vallismortis
with the GenBank accession number JQ085958.1, significantly reduced the bacterial load of Vibrio, the
dominant bacterial genus in shrimp pond water, relative to the total bacterial population. Similar probiotic
effects have been reported for Bacillus cereus and Paenibacillus spp., which were evaluated at
concentrations of 10* and 10° CFU mL™! in post-larval shrimp ponds. In vivo experiments revealed that
these bacteria exerted strong probiotic activity against Vibrio species, resulting in a significant reduction in

shrimp larval mortality. The antagonistic activity of B. cereus and Paenibacillus spp. against vibrios has
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been attributed to the production of bioactive compounds such as zwittermicin-A and kanosamine (Ravi et
al., 2007). These mechanisms are consistent with the outcomes of the present study, wherein the
application of B. vallismortis led to a marked reduction in Vibrio abundance in pond water. Supporting
evidence is provided by Temario et al. (2022), who demonstrated that dietary supplementation with
Bacillus subtilis BF12 significantly increased survival, improved growth performance, and reduced the
intestinal abundance of Vibrio parahaemolyticus in Penaeus monodon. Additional studies have
emphasized the efficacy of Bacillus-based probiotics in L. vannamei culture systems. In a 45-day in vivo
trial, B. subtilis IPA-S.51 and Shewanella algae IPA-S.111 inhibited V. parahaemolyticus growth while
also enhancing shrimp growth performance. Agar-well diffusion assays further confirmed that probiotics,
given sufficient contact time, can produce clear inhibition zones against pathogenic vibrios. Ramesh et al.
(2014) isolated twelve Bacillus spp. strains from the gut of P. monodon, several of which showed strong
inhibitory activity against V. harveyi VSHS, with inhibition zones reaching up to 19.0 £ 0.1 mm. These
effects were attributed to pH modification, production of inhibitory metabolites, nutrient competition, and
lactonase enzyme activity. Probiotic efficacy has also been demonstrated using other bacterial groups.
Studies by Ravi et al. (2007) and Ferreira et al. (2015) confirmed that Bacillus spp. significantly reduced
Vibrio abundance in shrimp ponds, while Thompson et al. (2022) showed that lactic acid bacteria,
including Lactobacillus curvatus subsp. curvatus, L. plantarum, and Pediococcus acidolactici, inhibited
several pathogenic vibrios through the release of antimicrobial compounds. Acute hepatopancreatic
necrosis disease (AHPND/EMS), primarily caused by toxigenic strains of V. parahaemolyticus, represents
one of the most severe bacterial diseases in shrimp aquaculture. A meta-analysis by Ghaednia et al. (2024)
concluded that direct addition of single-strain Baci/lus-based probiotics to pond water is the most effective
application method for AHPND control. The present study aligns with these findings, as water application
of B. vallismortis yielded clear suppressive effects on pathogenic vibrios. Finally, bioinformatic analysis
identified two Vibrio isolates closely related to Vibrio sagamiensis and Vibrio fortis, both belonging to the
class Gammaproteobacteria. Previous studies have reported V. sagamiensis in tropical marine
environments (Yoshizawa et al., 2010) and V. fortis as an emerging pathogen in aquatic organisms
(Thompson et al., 2003; Wang et al., 2016), suggesting potential pathogenic risks in shrimp farming
systems. Overall, the findings confirm the effectiveness of Bacillus vallismortis as a robust probiotic
candidate for sustainable control of Vibrio-associated diseases in shrimp aquaculture.
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Table 1: Characteristics of shrimp brooders maintenance ponds

Characteristi Pool No. 1 Pool No. 2 Pool No. 3
cteristic (Treatment 1) (Treatment 2) (Treatment 3)
Water change method Once a week Once every 4 days Once every 4 days
Type of substrate Concrete (breeding hall) Geomembrane Soil
Feeding 4 meals a day 4 meals a day 4 meals a day
POl Gz )0 ooliiwl 8,90 6L 05 Y Jgux
Table 2: Bacterial code used in the present study
Al Purified isolate (green) before adding probiotics to the pool
A2 Purified isolate (green) after adding probiotics to the pool
B1 Purified isolate (yellow) before adding probiotics to the pool
B2 Purified isolate (yellow) after adding probiotics to the pool
V.P Vibrio parahaemolyticus
Pro Probiotic TekCell Plus
Cl Tekcell Plus Probiotic and the use of prepared suspension
C2 Bacteria purified from a commercial probiotic product in a proprietary culture medium
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Table 3: Physical monitoring of shrimp pond water
Dissolved

Oxygen pH S?:)‘;‘tl)ty Temp(gature
(ppm)
3.8 7.6 39 24.5

L 2LySL a2lg (ot (gilw Al ol

bl 9 Sgmg
Sgmen Golee Colld qwyn Boa b ol adlhs
oz G SL glalaz aly ply o b Juw S5 e
el in vivog in vitro Ll 9o o 5w 4o Vibrio
A led Sl Jels in vitro elesl o e ol
5 Ssmsn b LSk azlee 5 ool (ile


https://isfj.ir/article-1-2769-en.html

[ Downloaded from isfj.ir on 2026-05-29 ]

e 03 0l Jeu S5 K5 503 55 )

OllKea 5 5k

ahu s (A2 Al sus alls Vibrio o ot
S o Spe 4 MYP St Lma 55l slacal;
6,18 Sidgmgyy 0 olml SlaSalzr (19,0 9w ool
iz, (C2) ooty g3l Als Sgmsn 5L 5 (CD
k> cws sl (Chythanya et al, 2002) o
o 5lS 5, S5 4 A2 A ool slags S
G390 Sypo o Sgmgp 9 (Ml > VO j90 4955
i Lo Sl o o 00 g alng ]
ools I8 celw FA-YY Cos 4 (Jl>) s5len o Ll i 5o
Rattanachuay et al., 2007; Mahjoub et al., ) a0

2019

Fege (2 lubs
B9y 3l S5 990 sladygus 5l (S5 esle gl Pl sl
1/4 535 | s> 2oy 35 CTAB) JsarsCTAB
HCI-V -+ 5 V50 s EDTA Y- Jlse NaCl
05 oo Vo le 4y o ooliesl «(A=pH b Yo Lo
o b LI 8L ) i e Ay (65Sh 2 ]
oS ol plam o olF olh az o #e s asdo ¥ glp
9 93,5 WLl Joloo &y p 3915 pon> S Lok axslis
(g X5000 5L! glod) adBo V+ (gl 5ouis yiiles Ly
Jae do Jbs 4 @YU 5B 5] ) (e e el plox]
sl o038l Ve Jsilbgnonl OF e w2 g end
g «GUl sloo) joain il adiBo Ve gl g oud Lol
DNA coly 4y 5 a5u, 590 YU 5.0 sl (10000
285V o (gl g i LSV il 1) Le e -
YU 56 sazme s ploxil (€ X5000 (51 clas) Sy il
e 5ol Sis 6359500 DNA Gsu) 5 a5, 590
g0 )5 Lol ()T 4y o g3l yolais b g0 O 12 e
e s, 55kel 51 IRNA 16S 5 o5 ¢lp
(Basim et al., 2020) x5 5 ool 27F,1492R

Wosls Jolowigas 3o 509,
H38le s 5l oolaiwl b b loges sy o Waools Jdoeigay jous
A el Y1 aseus Excel asly ¢ YY asews SPSS

Oyl 3l eslaiwl b osls g Jloy cwyp 5l

Sype a4 @by L led CEF e 1
5 '(TVC) Vibrio x> 5pSL JS slass o polais
ol el Y(THB) Gpgpe x50 5 olaws
:(McLandsborough, 2004)

(6525 3lass (CFU ml )= (5 519 Lo a8y ol 23, (52l o)
3w Al

TCBS 5 o, TSB TSA (slacais L o latiges
sebie & 1SS an yo (Vibrio olais| cuiS laxe)
2,5 el penl O 5l LIl Vibrio adyl jlolos
SR ais sbiws gileals Gl m
A el 655 alolid gl eads Al slaalae
sloads alls (651 (lardisnm b Sy pareis sl
oolizes] O-F s ((GlansST 5 5Y615) ar3i] slocens
o9 e b e )5 slulis gl (Tarh, 2020) o
s glp 285 Sge (5l S (s SL UK
Public .) Lsky o lastisl 51 b yiSU sladisS 5 i
.(Ratnaraja et al., 2021) o oolawl (Health Engl
@ 6l M oSS (o ST Sl All> Gl
S50 g odd (i Sgmgn Sl eSS &S w5 ol
a5 o axsy,; (C1) ons Pl 5 12Ls sbys o 2l
T 5o ol alaldS b glos jo cel YT o
MYP ciS laoes 10 S 5l yids S Vo 0 sl
Soe 4y $ilsn o Lol 10 b slabaions 4o g oals eols S
SC2) 8L S G aials sols 1,8 cel YY-FA
slocws lp 9 wb palls 5 glular Sgngn
8 5 ol 5y0e ot S 4 g 08 Salx
.Mohammadi Makvandi et al., 2019)

oM o ST (o092 S g9 32 (55 lee Cdlad (o)

ol gilw A Vibrio oo b SL plp 40
S ) Vibrio parahaemolyticus s :Sb o5.dsg]
(IBRC-M 10706 a5 ;)| ! s 5 (S5 pl5-3 Lo
Sl iSh al eolaiwl ojluilbinl 628U Glee a

! Total viable count (TVC)
2 Total Heterotrophic Bacteria (THB)

4


https://www.researchgate.net/figure/Profile-of-Total-Heterotrophic-Bacteria-THB-total-coliform-and-fecal-coliform-counts_tbl1_284217784
https://www.researchgate.net/figure/Profile-of-Total-Heterotrophic-Bacteria-THB-total-coliform-and-fecal-coliform-counts_tbl1_284217784
https://isfj.ir/article-1-2769-en.html

[ Downloaded from isfj.ir on 2026-05-29 ]

Fo (1) V6+0 sl oMk pale dlas

ol a4 ao i b Seigmg p (5)lee Cadled (o) 2

nvivo lulph 5o 2L S
2ol Jo S8 SSamgn Solee S omyp p0
o o S5 Segmg o5 Sl (lLas Vibrio slas S\
b le sl Ol (g9, 5l (3)led jlolins alS ey
oz 6 FSL S slasl 4S5 sbay wl alide gla i
JUSY s 5 Y Ll O s o (TVC) Vibrio
OxY A g TN T XYY T slael CS A Sgagp
Slael e Gogl 5l am g e (S 92y
S e (S5 0l BV TS AT T T

(T Jauz) cunl oo,

0303 b il jlg (Ked () 2 g Bgi yorusb- Bl S galsS
U:,..{Laﬂ 30, Fe ‘_;)LJ S| sy sl g Leven
o 1y PO gl 50 43,bSS il ly 5T 5|
oSSl eSS Q}A)"I 3 beeSile (g,lo gme Dglas

A oolaw!

ol Lele b 25U slas Lo 51 Vibriosis (¢l
Gl 950 ety by ng 5l am e By9n &)l

Slp el bl Gln ksa Bis)len slag St
Chandrakala ) a;le; o ylas o] 55 LT 00 pas

.(and Priya, 2017
i) O THB TVC b S )b JS Sl :F Jguz
Table 4: Total bacterial load of TVC and THB pool water
Bacterial load Before pro After pro
10! 1072 10! 102
Pool No. 1 TVC TNTC TNTC 2x103 TNTC
' THB TNTC TNTC 2x103 TNTC
Pool No. 2 TVC TNTC TNTC 2x103 TNTC
001 e THB TNTC TNTC 8x10? 6x102

TVC 5x108 TNTC 4x102 2.9x10?
Pool No. 3

THB TNTC TNTC TNTC TNTC

iS5 i €2 SSgmgn 5o 08 saalie
) 5 Gidsho AO)Y AL-MYP & Lo Soi)ls5l
20 5 oanline B2-MYP (] L

SSeman 950008 Ceols Gl ¥ JSL 4 axg L
ooyS ey & Vibrio slas xSL L agzlys 10 C2 5 Cl
odalie a5 0bles 8F JIE pw)n Sy5e S
el 00 AT (5 25L o, pae el Cl g o

L SL (Jedgo 9 (o londgn (2 lubl
sor 3 om el STl eas Al (ladised
S glaggail 3,50 b lS (g oMl JS5 5 (555)5850
oo 58S 5 0 5l i, 5 Sl 5 VLS
syl 5l eads gilulas Vibrio juz slbalas
Vibrio Jelis s laibesl Vibrio sl xSL s5led)ge
Sgmgp S 5l Jol> 5 ,25Sb g parahaemolyticus
ol @l S 15 Slerdsn Ghlesl 050 3

el 00l SO Jgaz 5o oleendion olulil

0

&b 3l HLassl gy b (2L 5SL Hke (o)
Syl il g Sl

SSsmgn Sl Sllad hagh am d>pe s
&5 Sk oS b Bacillus vallismortis s xS (oSS
5 oo olulid (40,09 sladdypl ade JQO85958.1
3515 b))l 2250 959 S nbial g (izen
ol calhe (I35 ,50 camolis sdelciwedy bl
01 Gialejl 0,50 slags S (aled 2 Sgms
$Foolizl b 6,55 o, pae alle (ySilio duglio gl
2 C2 5 Cl Sgmgn b Sely Guyb 5l jLasl (b,
Lo o (VPB2BIA2AL clags Sk b agzlse
Sl 0als o0l lid )V S 5 TSA s MYP slacies
5 oloy SIS I amy 45 ols Gl sl adlle b
4,0 Ll S gumg (Gl FA-YY) fpols cosyé
ojloges 4y azgi b o IS jobo 4y 09 winlss (6135 ,36
VID) jo woiia CLSW)Iok 31 S g G piin
PV-TSA (il e $IY) 5 MYP-Al (i Lo


https://isfj.ir/article-1-2769-en.html

[ Downloaded from isfj.ir on 2026-05-29 ]

o2 0oy Jeen S5 S5 5 53 ) OlSen 5 515k

m 48 m 43
a 72 TSA-C1 7 TSA-C2
8 = 9
27 ol &% g v v =¥ N
2 s M : b 2 L i ' i
3 .= / 2 --: !
R R THER | %
s, A0 B i | ;
£ ' B z 3 M /
<: A A B SRR [1 }
i B ; i ; i
AN R R i 1 f? g | %
0 " 2 o 0 ;:{ 5 I J
Al A2 B1 B2 PV Al A2 B1 B2 PV

m 43
3 )
E 3 e e ’ET 0 2 b
= 7 Z
= z S g g
B B E 4 < i d;dL
2.5 | 2 6 E A :
E ¢ i g - i 513 |
s j 54 : & :
: i |
4 f SN
X i LR N
81

Al A2 Bl B2 PV

>
=
=
~

95 39 C2 9 C1 Seigmigy b agzlgn 55 (V.P B2 BLA2 A1) byl 3l o g jlloz b gy wudy ponc Al duuss e 1) JSUo
(0.05) 3 luiliw! G2l b ceclis VY g FA oo & TSA g MYP oS buxo

Figure 1: Comparison of the growth inhibition zone of bacteria isolated from pools (A1, A2, B1, B2, V.P) in contact
with probiotics C1 and C2 in two culture media MYP and TSA for 48 and 72 hours with standard deviation (£0.05)
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Figure 2: Images of antimicrobial property tests using cross-streak and well-plate methods
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Figure 3: Photo of PCR product gel
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Table 6: Identification of bacterial isolates based on 16S rRNA gene sequencing

Top-hit taxonomy Similarity (%)  Top-hit strain Top-hit taxon

Bacteria;Proteobacteria; Gammaproteobacteria;

Vibrionales; Vibrionaceae;Vibrio 92.05 LC2-047 Vibrio sagamiensis
Bacteria; Proteobacteria; Gammaproteobacteria; fortis 0 .
Vibrionales;Vibrionaceae; Vibrio 99.71 LMG21557 Vibrio fortis
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