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Abstract

In the present study the effect of oral administration of probiotics Lactiplantibacillus plantarum in free form
and microencapsulated with alginate/chitosan on immunogenicity and efficacy of Aeromonas hydrophila vaccine
was evaluated in common carp. Three hundred and sixty common carps (48+5.1 gBW) were randomly divided
into four equal groups in triplicates. Group 1 was vaccinated against A. hydrophila. Group 2 received the same
vaccination and was also administered a diet supplemented with Lactobacillus plantarum. Group 3 was vaccinated
and fed with encapsulated L. plantarum. Group 4, serving as the control, was fed with a basic diet without any
supplementation. Biometrical measurement, blood and intestinal samples were taken on day zero, 30 and 60 of the
experiment. Growth performance indices (Feed conversion ratio, specific growth rate, Protein efficacy ratio and
food efficacy ratio) as well as immunological parameters (Antibody titer, serum lysozyme, complement and bac-
tericidal activity, NBT reduction, globulin level and myeloperoxidase activity) were measured and compared
among the groups. Meanwhile hematological parameters (Red Blood Cells, White Blood Cells, Hemoglobin and
Hematocrit), intestinal enzyme activity (lipase, proteas, amylase and ALP). Antioxidant status (MDA level, SOD,
GSH and catalase activity) and some serum biochemical indices (glucose, urea, Ca, Tg, ALP, CPK and Bilirubin)
were measured and compared among the groups. On day 60 of the experiment the remained fish in each group
were challenged with virulent A. hydrophila and cumulative mortality was recorded for 14 days. Results showed
that the highest growth indices and intestinal enzyme activity were recorded in group 3 which were fed with en-
capsulated L. plantarum. Most of the immune indices evaluated in the study showed a significant increase in
treatments 3 and 2 compared to the control group. The blood parameters and serum biochemical indices did not
show significant differences among the groups. The mortality rate after the challenge was significantly lower in
treatments 2 and 3 (30%) compared to the control group (60%). Overall, it can be concluded that not only the
administration of L. plantarum play a role in improving the efficacy and immunogenicity of the injectable A.
hydrophila vaccine in common carp, but also microencapsulation of this probiotic with alginate/chitosan enhances
its effect on the vaccine's efficacy and immunogenicity. Therefore, the use of this microencapsulation method is
recommended to improve the efficacy of the probiotic and the vaccine.
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Introduction
Common carp (Cyprinus carpio) is one globally, with a significant role in aquacul-
of the most widely cultivated fish species ture. Annually, global production of
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common carp exceeds 5 million tons, mak-
ing it a cornerstone of freshwater fish farm-
ing, especially in Asia. The species is fa-
vored for its adaptability to various environ-
ments, fast growth rate, resistance to dis-
eases, and its remarkability to many popu-
lations (FAO, 2023). This species is consid-
ered to be the most important species in Iraq
aquaculture which dominates culture in
fresh and brackish water with over 85% of
the Iragi aquaculture production (Esmaeili,
2021).

Cyprinid fish, particularly Cyprinus car-
pio, are highly susceptible to A. hydrophila,
which causes fatal diseases like Aeromonas
Hemorrhagic Septicemia. This severe infec-
tious disease affects a wide range of aquatic
animals, leading to extensive internal and
external bleeding and resulting in a high
mortality rate among susceptible species
(Chen et al, 2020). A. hydrophila is one of
the primary causes of the annual mortality
of common carp in Irag (Hossain and Heo,
2021).

One method of combating Aeromonas in-
fections in aquaculture is through antibiotic
therapy. However, the use of antibiotics in
this setting comes with several disad-
vantages. A significant concern is the devel-
opment of antibiotic-resistant bacteria,
which can pose serious risks to both aquatic
life and human health. Furthermore, the ac-
cumulation of antibiotics in the environ-
ment can disrupt ecosystems, harming ben-
eficial microorganisms and potentially lead-
ing to bioaccumulation in fish that may be
consumed by humans. Overreliance on an-
tibiotics also tends to obscure underlying is-
sues such as poor water quality or inade-
quate husbandry practices, which need to be
addressed to ensure the sustainability of ag-
uaculture. The high cost of antibiotics and
the need for repeated treatments are also
disadvantages of antibiotic therapy in
aquatic animals (Gilani et al, 2024).

Vaccination is often considered the best
and most logical method for preventing and
controlling Aeromonas infections in fish
(Schulz et al, 2020). Vaccination plays a

significant role in reducing the incidence
and severity of infections caused by this
pathogenic bacterium; it boosts the immune
response of fish, making them more resili-
ent to A. hydrophila (Farias et al, 2020).
With the implementation of proper vaccina-
tion protocols, the aquaculture industry can
mitigate the economic losses associated
with these infections, leading to sustainable
fish production and improved food security
(Nayak et al, 2022).

Extensive research has been conducted to
prevent A. hydrophila infections in various
aquatic organisms, including common carp
by development of an extremely effective
A. hydrophila vaccine (Abdul et al, 2022;
Nayak, 2020). However, even after vaccina-
tion, fish can still exhibit symptoms of the
disease when exposed to high levels of
stress.

One of the problems with vaccines pro-
duced against Aeromonas infections is their
relatively low efficacy and immunogenic-
ity, which is largely related to the antigenic
structure of these bacteria and the rapid
changes in their surface antigens (Zhang et
al, 2023). Therefore, the use of immune
stimulants, such as probiotics, after fish
vaccination against Aeromonas is strongly
recommended to enhance immune re-
sponses (Wang et al, 2020).

Probiotics not only influence fish growth
performance and health status by establish-
ing and restoring balance in the gut bacterial
flora, but they also enhance vaccine effi-
cacy and immunogenicity by improving
fish immune responses and health status
(Hosainifar et al, 2020). Numerous studies
have been conducted on the effect of oral
probiotic administration on fish vaccine ef-
ficacy and immunogenicity. Guimaraes et
al, (2022) reported an improvement in the
efficacy of the streptococcosis vaccine ti-
lapia following Lactobacillus species ad-
ministration.

Lactoplantibacillus plantarum is one of
the most important probiotic bacteria, with
its probiotic properties in fish well estab-
lished. The effects of this bacterium have
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been demonstrated in various fish species,
including common carp, tilapia, and trout
(Radkhah et al, 2024; Alishahi et al, 2022;
Mohammadian et al, 2022). One challenge
with administering oral probiotics in fish is
the loss and degradation of these bacteria in
the gastrointestinal environment, which di-
minishes their probiotic potency. To en-
hance the effects of this bacterium, it is cru-
cial to protect the bacteria from gastrointes-
tinal conditions. Various microencapsula-
tion methods have been developed for this
purpose. The use of biodegradable poly-
mers, such as chitosan and alginate, for mi-
croencapsulating probiotics and shielding
them from gastrointestinal conditions has
recently gained increased attention from re-
searchers (Ahmadmoradi et al, 2024; Hos-
seini et al, 2022). In addition to protecting
probiotic bacteria in adverse gastrointesti-
nal conditions, alginate and chitosan also
act as immunostimulants, boosting the fish's
immune response and overall health.

In the present study, based on our previ-
ous experience and research, alginate and
chitosan were selected for the microencap-
sulation of the Lactobacillus plantarum us-
ing the emulsification method. Subse-
quently, the effect of the microencapsulated
probiotic on the efficacy and immunogenic-
ity of the Aeromonas hydrophila vaccine in
common carp was evaluated.

Materials and methods
Bacterial strains

L. plantarum was selected from 30 lactic
acid bacteria isolated from intestinal flora of
wild and reared healthy cyprinid fish of cy-
prinid farms of Ahvaz, Iran, based on their
in-vitro probiotic characteristics. The se-
lected isolates were primarily identified mi-
crobiologically according to morphology of
colonies, Gram staining, biochemical tests,
and finally molecular identification via 16S
rRNA gene sequencing (Mohammadian et
al, 2016; Mohammadian et al, 2022).
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Probiotic preparation

Lyophilized L. plantarum was inoculated
in 10 ml Man Rogosa Sharpe (MRS) broth
medium incubated at 37 ‘* for 48 hours us-
ing anaerobic jar. Following incubation of
plates, the bacteria were harvested by cen-
trifugation (10 min in 3000 g), and cells
were washed tree times with PBS (pH =
7.2). The probiotic concentration was ad-
justed to 3x108 CFU g food * through OD
absorption in 620 A by spectrophotometer

Microencapsulation of L. plantarum
Microencapsulation of L. plantarum with
chitosan/alginate (MLCA) was done ac-
cording to the emulsification method (Jiang
et al, 2013; Hosseini et al, 2022). Briefly,
the mixture of L.plantarum (108 CFU g?),
sodium alginate, and 15% (v/v) glycerol
was dropped into 0.1 M CaCl, by passing
through a cannula-like syringe in the pres-
ence of nitrogen gas pressure. The sodium
alginate final concentration was 2% (w/v).
Formed microcapsules were incubated for
30 min and then washed with 0.85% saline
to remove unreacted CaCl,. The chitosan
(MW 10,000) solution 0.8% (w/v) was used
to coat microcapsules for 30 min followed
by two times washing. The microcapsules
coated with chitosan-alginate were further
coated with 0.1% (w/v) sodium alginate for
10 min followed by washing. Then micro-
capsules were stored at 4 °  until used. The
control microcapsules without bacteria
were also prepared by the same procedure.

Diet preparation

In this study, the experimental diet was
prepared according to the method. The ex-
perimental diets were prepared based on
Van Doan et al, (2016) as follows: Diet 1
basal diet without supplementation (for
groupl and group 4), Diet 2 incorporated
with 108 CFU/g L. Plantarum (group 2),
and Diet 3 incorporated with 108 CFU/g en-
capsulated L. bulgaricus (group 3). To pre-
pare feed containing probiotics at a concen-
tration of 108 CFU/qg, first, the concentration



Mohammed Abdul Kadhim Aakool, Mojtaba Alishahi, et al.

of the bacteria in initial stock was deter-
mined. The appropriate amount of bacterial
stock for one kilogram of feed was mixed
with 50 milliliters of PBS and sprayed uni-
formly over the feed. Then, liquid gelatin at
5 grams per liter and (55°C) was sprayed
over the feed to protect the probiotic bacte-
ria from dispersing in water. For the control
group, all steps were repeated without the
probiotic bacteria. To maintain high levels
of probiotics, fresh batches of the diets were
prepared every two weeks (Hosseini et al.,
2022).

Vaccination against A. hydrophila

The high-virulence A. hydrophila of this
experiment was selected from 12 patho-
genic A. hydrophila isolated from diseased
common carp referred to Fish Health Labor-
atory of Veterinary Faculty of Shahid
Chamran University of Ahvaz, Iran. The se-
verity of these isolates was evaluated based
on in-vitro and in-vivo virulence assays and
the highest virulent isolate was selected as a
vaccine seed. Selected A. hydrophilic was
identified using 16S RNA PCR- methods
and confirmed through nucleotide sequenc-
ing.

Formalin killed A. hydrophila was pre-
pared according to Abdy et al., (2017)
briefly, A. hydrophila was first cultured in
TSB medium and incubated for 36 hours at
30°C. The bacteria were adjusted to 10%°
cfu mI?, inactivated with 0.5% formalin for
one hour. Formalin Killed Cells (FKC was
washed twice (6000 g; for 30 min) with
phosphate-buffered saline (PBS); then, it
was cultivated in  TSA plates and incu-
bated at 30°C for 24h to guarantee out-
right bacterial inactivation. The immuniza-
tion was conducted by injection in the peri-
toneal area 100 microliters per fish of A. hy-
drophila bacterin with a concentration of
10%° bacteria per milliliter, in the first day of
experiment following the booster in day
21th of experiment.

Fish and experimental design

Three hundred and sixty healthy common
carp (cyprinus carpio) fingerlings (48+5.1
g, Meanzx SD) that had no previous history
of parasitic infections and no signs of dis-
ease (gross and microscopic examination of
gills, skin) were obtained from Azadegan
cyprinid farm, Ahvaz, Iran. The fish were
transferred to the laboratory of the Faculty
of Veterinary Medicine, Shahid Chamran
University of Ahvaz, Iran acclimatized to
laboratory conditions for 2 weeks in 500-L
plastic quarantine tanks at 27+2 °C and fed
with the control diet. The fish was randomly
divided into 4 groups of 90 equal pieces,
each group consisting of 3 replicates (30
fish each) stored for 60 days. The fish were
divided into four equal groups with three
replicates each (each replicate consisting of
30 fish). The first group was vaccinated
with the injectable A. hydrophila vaccine.
The second group was vaccinated and also
fed with probiotics at a concentration of 108
CFU/g in the feed. The third group was vac-
cinated with the A. hydrophila and fed with
microencapsulated probiotics. The fourth
group served as the control group and was
fed with a basal diet.

In each tank, approximately 25% of the
water was exchanged daily, and 100% of
the water was exchanged once a week, The
fish were fed ad libitum twice daily, at 7:00
a.m. and 6:00 p.m., with the diets being
hand-fed. Basic physicochemical parame-
ters of the water were measured weekly to
ensure optimal conditions. The Oz concen-
tration was maintained at no less than 5 mg
L1 and pH ranged from 7.5 to 8.2 through-
out the study period.

For the whole 60-day raising period, the
feeding rate was ad libitum at 3% biomass
and the uneaten feed was then siphoned
away and dried separately in order to calcu-
late the feed conversion ratio (FCR).

Sample collection

Sampling was performed on days zero,
30 and 60 of experiment and a total of 9 fish
(3 fish from each replicate) were randomly
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collected from each group for hemato-im-
munological and biochemical assays. After
anesthetizing the fish with 2-phenoxietha-
nol (400 ppm), blood was collected from the
caudal vein using a 1 mL syringe. Then, the
blood samples were transferred to 1.5 ml
microtubes with or without anticoagulant
for hematological and immunological pa-
rameters respectively. Serum samples were
collected by centrifuging at 3000 rpm for 10
minutes and stored at -20 ° C until used.

Growth performance

In the sampling points on days 0, 30 and
60, fish in each replica were weighed. The
survival rate and growth performance of
fish were calculated using the following
equations:
Weight gain (WG) = final weight (g) - ini-
tial weight (g)
Specific growth rate (SGR %) = 100 - (In
final weight - In initial weight)/Duration of
experiment
Feed conversion ratio (FCR) = feed given
(dried weight)/ weight gain (wet weight)
Survival rate (%) = (final fish number/ ini-
tial fish number) *100.
Food Efficacy Rate (FER) = 100 (final
weight — Initial weight)/feed consumed,
Daily weight gain (DWG) = (final
weight/initial weight)/time,
Protein  efficiency ratio (PER) =
Weight gain (g)/protein intake

Digestive enzyme activity

To analyze the digestive enzymes, the se-
lected fish for sampling were euthanized af-
ter blood collection, and then intestine sam-
ples were taken following dissection. The
intestine was dissected out using sterile
technique at low temperature (on the ice-
pack) and homogenized. Extracts utilized
for enzyme assay were obtained after ho-
mogenization of intestine in cold 50 mM
Tris—HCI buffer, pH 8.0 (1:9 v/w) followed
by centrifugation (13.500 xg; 30 min at 4
°C). The supernatant was then collected and
kept at —80 °C in small portions for later de-
terminations (Mohammadian et al., 2022).
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Bradford (1976) was used to assess the ac-
tivity of total protein content in the gut us-
ing the diluted supernatant and bovine se-
rum albumin as a reference. The a-amylase
activity of the intestine was also measured
using a soluble starch solution (Sigma— Al-
drich) as the substrate, as described by
Areekijseree et al. (2004). Amylase activity
was measured in mol maltose generated per
milligram of protein per minute. At room
temperature, trypsin activity was deter-
mined using N-BenzoylL-arginine ethyl es-
ter (BAEE) as a substrate in the presence of
0.1 mM HCI (Erlanger et al, 1961). The li-
pase activity was measured by quantifying
the release of fatty acids from the enzymatic
hydrolysis of triglycerides into glycerol in a
stabilized olive oil emulsion (Fluka™)
(Borlongan, 1990).

According to a modified approach (Otto
et al., 1946), total ALP activity in homoge-
nized tissue was measured at 410 nm and 37
°C using Pnitrophenyl phosphate as sub-
strate and 2- amino-2-methyl-1-propanol
buffer (0.84 mM, pH= 10.3). Casein
(Sigma—Aldrich) was used as a substrate for
measuring protease activity, and the result
was subsequently reacted with Folin's rea-
gent (Anson, 1938, with modifications).
The absorbencies of each individual sample
were determined using a spectrophotometer
(UV-2802S; Unico, Shanghai, China), and
the enzyme activities that were recorded as
absorbance were modified and then re-
ported as specific activity (U mg-1 protein
min-1) (Erlanger et al, 1961).

Immunological parameters
Lysozyme activity assay

Serum lysozyme activity was determined
turbidometrically according to the method
described by Ellis. 1990. One hundred and
thirty five ul of the Micrococcus lysodeikti-
cus at a concentration of 0.2 mg ml™* (w/v)
in 0.02-M sodium phosphate buffer (SPB),
pH 5.8 (Sigma- Aldrich) were mixed with
15 pl of each sample. Reduction of absorb-
ance of 0.001 mint of samples was defined
as one unit of lysozyme activity.
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Alternative complement pathway activity

Alternative Complement Activity Path-
way (ACP) of serum samples was measured
and calculated based on Yano (Boshraet al.,
2006) method using rabbit red blood cells
(RaRBC).

Briefly, Veronal buffer used for the se-
rum samples was diluted (5 times); then, 1%
Rabbit RBC was gently poured into each
well. Following 24 h incubation at 4 °C, the
samples were centrifuged (five minutes in
3500 g). Afterward, 150 ul of supernatants
were transferred to the wells of the micro-
plate; then, the OD of each well was meas-
ured at 540 nm by an ELISA reader (Accu
Reader, Taiwan).

Respiratory burst activity

The respiratory burst activity of leuko-
cytes was evaluated using Nitro Blue Te-
trazolium (NBT) according to the method
suggested by Alishahi et al (2019) with mi-
nor modifications. In brief, 100 ul of blood
samples were mixed with 100 pl of NBT
(0.2 % in distilled water). The plate was
well shaken and incubated for 30 min at 25
°C. Afterward, 2000 pl dimethylformamide
was gently added to 100 pl of the prepared
mixture; then, the final substance was cen-
trifuged (at 3000 rpm for 10 minutes). Fi-
nally, the optical density of the supernatant
was measured by a spectrophotometer (Shi-
madzu, Japan) at 620 nm.

Serum Bactericidal activity

The serum bactericidal activity was
measured according to Yin et al (Dezfuly et
al. 2020), with some modifications. The
bacteria culture (A.hydrophilla) was pel-
leted (3000 g, 10 min) and washed 3 times
with sterile PBS. A volume of 25 pL bacte-
rial suspension (adjusted to 4 x 10° cells/ml)
was added to 25 pL serum of fish in sterile
Eppendorf tubes. Then, the tube was incu-
bated at room temperature for 1 h. After
that, plating the mixtures on TSA contain-
ing 1.5% NaCl was used to determine col-
ony forming units (CFU)/ml.

Anti A. hydrophila antibody titer

A. hydrophila antibody levels in plasma
were measured by ELISA with some modi-
fications (Skov et al., 2018). Concisely, Mi-
croplate (Nunc, Denmark) was coated with
50 uL well * of formalin-killed and soni-
cally disrupted A.hydrophila (100 pg/mL)
antigen at a 1:15 dilution in bicarbonate
coating buffer (pH=9.6) for 18 h at 4°C. Af-
ter washing the plate; Common carp plasma
samples (100 uL) were then, added at a 1:20
and 1:1 dilution respectively in PBS+0.05%
Tween-20 (PBS-T) containing 0.1% skim
milk. After 90 min incubation at 25°C, 100
pL of mouse anti common carp monoclonal
immunoglobulin at a 1:4000 dilution in
PBS-T containing 0.1% skim milk was
added to all wells and then shaken for 60
min. After washing, 50 puL of goat anti-
mouse IgG HRP conjugate (Sigma-Aldrich)
at a 1:2500 dilution in PBS-T containing
0.1% skim milk was added and incubated
for 60 min. Plates were washed as above
and 50 uL. TMB (3,3', 5,5; -tetramethylben-
zidine - H202) chromogenic solution was
added to each well for 10 min at 25°C. The
reaction was stopped with 50 pL 2 N
H2SOa4. Lastly, serum and mucus antibody
levels were read spectrophotometrically at
450 nm by an ELISA reader (Accu Reader,
Taiwan).

Hematology and biochemical indices

RBC and WBC counts were determined
using an improved Neubauer hemocytome-
ter. Hemoglobin (Hb) concentration (g dI™?)
was estimated by cyano methemoglobin
method using Drabkin’s reagent. Hemato-
crit (Hct) was determined using micro-
hematocrit capillaries filled with blood and
centrifuged at 10000xg for 5 min and ex-
pressed as percentage of total blood volume
(Thrall, 2004).

Serum biochemical indices, including
levels of urea, calcium, glucose, triglycer-
ides, alkaline phosphatase, creatine phos-
phokinase, and bilirubin, were measured us-
ing an autoanalyzer and commercial labor-
atory Kits.
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Antioxidant Status

Liver samples were obtained from each
fish after euthanasia. After blood sampling
and dissection of the fish, liver samples
were collected, weighed, and then homoge-
nized in ratio of 1-9 (w/v) of cold potassium
phosphate buffer (0.1 M, pH =7.4, 4°C) at
10,000x g for 60 s. The homogenate was
centrifuged (9,000x g, 30 min, 4°C); the su-
pernatant was removed and aliquoted, then
kept at —80°C. Catalase (CAT) (E.C.
1.11.1.6), superoxide dismutase (SOD)
(E.C. 1.15.1.1) (McCord and Fridovich,
1969), and GSH level were determined ac-
cording to the standard methods.

Intestinal bacterial flora

Samples of intestine were analyzed to
quantify the total and Lactobacilli counts.
Nine samples from each group were taken
in each sampling point after blood sample
collection and dissection. One gram of the
samples was then homogenized by 9 ml of
sterilized phosphate buffered saline (PBS,
0.1 M, pH=7.0) and stirred into 1 min in the
stomacher (Heidolph instruments, Ger-
many). Serial dilutions of each were then
prepared under the sterile condition and
spread on MRS and TSA plates. Following
the 48 h incubation at 30 °C, the number of
colony on each plate was counted and re-
ported as colony-forming units (CFU) per
gram of sample.

Determination of LD 50

Before performing the challenge, the fol-
lowing steps were taken to calculate the me-
dian rate of lethality of the A. hydrophila for
common carp (Alishahi et al., 2024).
Briefly A. hydrophila was cultured in TSB
culture medium for 48 hours at 37° C. The
bacteria were adjusted to 108 cfu mI? after
centrifugation (4000 rpm, 10 min). The 10-
fold serial dilutions (10° to 108 CFU ml?) of
the A. hydrophila were prepared in PBS and
0.1 ml of each concentration of A. hydroph-
ila was injected intraperitoneally to 10 fish
(each replicate) in a separate aquarium. The
dead fish were netted and recorded daily for
10 days. The rate of mortality was analyzed
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and the LD50 was determined by Probit
software using version 22 of SPSS. The
LD50 of A. hydrophila in common carp cal-
culated as 1.2 x10°. At the end of the study,
the fish were challenged with this concen-
tration of bacteria (Aramon et al, 2024).

Bacterial challenge

The remained fish in each group (at least
30 fish,10 fish from each replicate) were in-
jected with live A. hydrophila via intraperi-
toneal route at day 60 of experiment.
Firstly, the sedation of fish was done by 2-
phenoxyethanol (300 mg I!) and 100 micro-
liter of 1.2x108 cfu mIt of A. hydrophila
(LDso concentration) was injected intraper-
itoneally. After injection of the bacteria the
fish were put to 100 L aquaria. The dead fish
of each treatment were netted and checked
two times daily for 10 days and the number
of dead fish was recorded. The cumulative
mortality rate (CMR) was calculated after
mortality recording for10 days (Alishahi et
al., 2018 and 2024). For confirmation of the
cause of death re-isolation of A. hydrophila
was done from the kidney and liver of the
dead fish.

Statistical analysis

Before statistical analysis of data, their
normality was determined using the Kolmo-
gorov-Smirnov test. One-way ANOVA
with Multiple Comparisons Test was used
to compare the different groups, followed
by Tukey's test (P<0.05) and then, the quan-
titative data were presented as mean *
standard deviation. All statistical analyses
were performed using SPSS software (Ver-
sion 24).

Results
Growth indices

The results of the growth indices compar-
ison between the experimental goups are
presented in Table 1. As shown in the table,
nearly all growth indices including feed
conversion ratio (FCR), specific growth rate
(SGR), protein efficiency ratio (PER), daily
weight gain (DWG), and food efficiency ra-
tio (FER) improved significantly in the
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probiotic-fed treatments compared to the
control and the vaccinated group (without
probiotics) at both sampling times (P<0.05).
The group vaccinated with A. hydrophila
and fed with Lactobacillus plantarum mi-
croencapsulated with alginate and chitosan

demonstrated the highest growth indices at
both sampling stages compared to the other
treatments (P<0.05). Survival rates were
100% across all the experimental treat-
ments, with no mortality observed during
the study.

Table 1: Growth performance indices of the experimental groups at days 30 and 60 of experiment

Groups SGR FCR PER DWG FER
A 0.56+0.03 % 2.08+0.13" 1.51+0.10° 0.34+0.04° 48.24+3.16"
Day 30 B 0.65+0.15? 1.86+0.44 % 1.49+0.31° 0.40+0.08" 47.66+9.96°
C 0.74+0.092 1.45+0.19° 2.13+0.37°2 0.50+0.08? 78.01+7.88°
D 0.47%0.14° 2.23+0.52" 1.45+0.30° 0.31+0.07° 46.37£9.73"
A 1.09+0.19% 2.31+0.07 1.35+0.14 0.91+0.23" 39.96+4.6°
Day 60 B 1.16+0.03% 2.06+0.15% 1.22+0.07° 0.95+0.02 39.17+2.32°
C 1.24+0.05? 1.8740.45% 1.31+0.19° 1.02+0.212 43.42+2.22°
D 0.98+0.02° 2.24+0.19° 1.26+0.09° 0.96+0.09° 36.91+4.77°

A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum treated group,
D: control group. (Different lowercase letters on the standard deviation indicate significant differences (P<0.05) within each
sampling time).

Digestive enzyme activity

The results of the comparison of diges-
tive enzyme activities in the experimental
groups at three sampling points are pre-
sented in Table 2. As shown in table 2, ALP
and amylase showed a significant increase
in both probiotic-treated groups (with and
without microencapsulation) on days zero,

30 and 60 of the study, compared to the con-
trol treatment (P<0.05). However, the activ-
ities of protease, lipase, and trypsin were
significantly increased only in the vac-
cinated treatment fed with microencapsu-
lated probiotics compared to the control
group in days 30 and 60 of experiment

(P<0.05).
Table 2: The activity of intestinal digestive enzymes of the experimental groups at days zero, 30 and 60 of
experiment
Groups ALP Amylase protease Lipase Tripsine
A 14.54+3.072 | 47.48+11.30* | 0.12+0.02?® | 7.59+2.84* | 65.41+18.5°
B 13.04+2.042 | 42.29424.65% | 0.14+0.02% | 8.22+2.31* | 47.43+0.19°
Day 0 C 13.79+2.552% | 44.88+17.97% | 0.13+0.02% | 7.91+2.58% | 56.42+19.7°
D 13.41+2.29% | 43.59+21.31% | 0.13#0.01* | 8.06+2.452 | 51.92+17.4°
A 12.20+4.18° | 43.70+21.9° 0.12+0.03° | 8.11+1.93° | 45.87+16.3°
Day 30 B 17.67+3.45% | 43.89+18.67° | 0.11+0.02° | 7.99+2.87" | 53.73+18.9°
C 16.71+4.04% | 64.83+20.33% | 0.16+£0.01* | 11.8+3.652 | 92.49+26.82
D 12.54+3.07° | 47.48+11.5° 0.12+0.02° | 7.59+2.84% | 65.41+27.3"
A 14.41+4.28° | 47.62+11.23Y | 0.13+0.02° | 8.13+2.26°2 | 52.55+19.2°
Day 60 B 15.50+8.992 | 73.29+11.33% | 0.16+0.03% | 9.79+1.83?% | 63.50+12.6*
C 17.79+3.74% | 80.55+24.492 | 0.17+0.03% | 9.54+2.74® | 87.81+30.5?
D 13.0442.04° | 42.29+24.65° | 0.14+0.02° | 8.22+2.31% | 47.43+15.2°

A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum treated group,
D: control group. (different lowercase letters on the standard deviation indicate significant differences (P<0.05) within each
sampling time).
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Immunological parameters

The data related to the serum immune re-
sponse are summarized in Table 3 and
figures 1 to 3. The comparison of immune
indices between the experimental treat-
ments at the three sampling stages showed
that most immune indices, including anti-A.
hydrophila antibody titer, lysozyme activ-
ity, NBT reduction, protein and globulin
levels, and antitrypsin and myeloperoxidase
activities, exhibited significant increases

(P<0.05) in the probiotic-treated groups,
particularly those treated with microencap-
sulated probiotics, compared to the control
group at days 30 and 60 of experiment.
However, some immunological indices,
such as alternative complement activity, al-
bumin levels, and serum bactericidal activ-
ity, did not show significant differences be-
tween the experimental groups (P>0.05).

Table 3: The immunological indices of the experimental groups at days zero, 30 and 60 of experiment

Groups | complement | Bactericidal Protein Albumin Globulin Antitrypsin mylopor

A 5.77+0.46% | 0.27+£0.092 | 3.81+0.272 | 0.96+0.11% | 2.85+0.322 | 0.91+0.17?2 | 0.31+0.09?

Day 0 B 5.97£0.502 | 0.25+0.11% | 3.87+0.20% | 0.95+0.09% | 2.92+0.182 | 0.84+0.282 | 0.37+0.14%
C 5.87£0.482 | 0.25+0.12% | 3.84+0.13% | 0.96+0.10% | 2.88+0.252 | 0.88+0.232 | 0.34+0.11%

D 5.92+0.492 | 0.21+0.08% | 3.86+0.162 | 0.95+0.10% | 2.90+0.21?% | 0.86+0.26% | 0.35+0.122

A 6.27+0.46% | 0.24+0.09% | 4.01+0.472% | 0.93+0.05% | 3.07+0.46% | 0.78+0.26° | 0.40+0.12°

Day B 6.53+0.64% | 0.31+0.06% | 4.27+0.76% | 0.95+0.11% | 3.33+0.77% | 1.20+0.17% | 0.49+0.11°2
30 C 6.23+0.67% | 0.29+0.09% | 4.38+0.43% | 0.92+0.13% | 3.46+0.25% | 1.56+0.23% | 0.43x0.11%

D 5.97+0.42 0.28+0.11% | 3.87#0.27° | 0.95+0.142 | 2.92+0.67° | 0.84+0.23" | 0.37+0.13°

A 6.00£0.87% | 0.26+0.13% | 4.01+0.44° | 0.94+0.12?% | 3.06+0.44%* | 0.89+0.26° | 0.32+0.12°2

Day B 5.67+1.052 0.21+0.14% | 4.14+0.322 | 0.93+0.11% | 3.224#0.28% | 1.08+0.34%® | 0.33+0.11°2
60 C 6.20+0.542 | 0.24+0.092 | 4.15+0.652 | 0.93+0.08% | 3.22+0.83* | 1.31+0.22?2 | 0.33+0.10?

D 5.77+0.50 2 0.2940.12% | 3.81+0.132 | 0.96+0.09% | 2.85+0.18" | 0.91+0.28 | 0.31+0.112

A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum treated group,
D: control group. (Different lowercase letters on the standard deviation indicate significant differences (P<0.05) within each

sampling time).
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Figure 1: Anti A.hydrophila antibody titer of the experimental groups at days zero, 30 and 60 of experi-
ment. A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated
L.platarum treated group, D: control group. (Different lowercase letters on the standard deviation bar in-

dicate significant differences (P<0.05) within each sampling time).
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Figure 2: Nitro Blue Tetrazolium (NBT) reduction of the experimental groups at days zero, 30 and 60 of

experiment. A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encap-

sulated L.platarum treated group, D: control group. (Different lowercase letters on the standard deviation
bar indicate significant differences (P<0.05) within each sampling time).
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Figure 3: Lysozyme activity of the experimental groups at days zero, 30 and 60 of experiment. A: vac-
cinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum
treated group, D: control group. (different lowercase letters on the standard deviation bar indicate signifi-
cant differences (P<0.05) within each sampling time).

Hematological and biochemical parameters
The data related to the serum Hematolog-
ical parameters are summarized in Table 4.
A comparison of the hematological param-
eters among the experimental groups at dif-
ferent sampling stages showed that the red
globular-related indices (including red
RBC, hemoglobin, and hematocrit) were

not affected by vaccination or probiotic ad-
ministration (P>0.05). However, the white
blood cell counts significantly increased in
the probiotic-fed treatments, particularly in
those fed with microencapsulated probiot-
ics, on days 30 and 60 of the study com-
pared to the control group (P<0.05).
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Table 4: The hematological parameters of the experimental groups at days zero, 30 and 60 of study
Groups Hb PCV RBC WBC

A 9.14+2.1* | 35.20+3.03% | 1.34+0.16° 21.246.2°2
B 8.74+191?% | 35.61+6.472 | 1.42+0.16°% | 18.35+5.232

Day 0 C 8.9+4.87% | 34.46+6.43% | 1.39+0.162 | 20.26+7.2°
D 8.86+1.342 | 34.00#5.49% | 1.391+0.17% | 18.5+5.48%
A 9.01+1.95% | 35.40+4.51% | 1.33+0.172 | 20.5+4.86"

Day 30 B 8.65+2.71% | 37.83+5.7% | 1.35+0.21% | 27.64+4.34%
C 9.19+2.73% | 37.20+3.842 | 1.38+0.31% | 31.7614.242
D 9.14+1.94% | 35.20#5.13% | 1.34+0.19% | 20.5+4.92°
A 8.743.12% | 35.60+4.86% | 1.31+0.18% | 22.1+4.81°

Day 60 B 8.71+2.94% | 34.75+5.2% | 1.39+0.21°2 25+4.86°
C 8.7242.34% | 33.00+4.65% | 1.34+0.17°? 28+4.342
D 8.94+2.67% | 33.60+6.34% | 1.41+0.19% | 18.545.24°

A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum treated group,
D: control group. (Different lowercase letters on the standard deviation indicate significant differences (P<0.05) within each

sampling time).

The results of the comparison of serum
biochemical indices between the experi-
mental groups at different sampling points
are presented in Table 5. The serum bio-
chemical indices examined, including urea,

calcium, glucose, triglycerides, ALP, Total
and direct Bilirubin, and Creatine Phospho-
kinase were not affected by probiotic (with
or without microencapsulation) administra-
tion (P>0.05).

Table 5: The serum biochemical parameters of the experimental groups at days zero, 30 and 60 of study

UREA CA GLU TG ALP CPK oT-B PT-B

A 10.97+2.52°2 8.97+1.02% | 157.3+40.77° 270+70.5% 336+75.87 81.83+£25.7% | 269.6+44.81% 1.97+0.18°

Day B 13.33+£2.34* 8.53+1.02% | 146.6+40.77°% | 213.6£72.21° 331.3£75.8° 82.33+25.9° 228.3+41.8° 1.85+0.17*°
0 Cc 12.15+2.05° 8.75+0.29? 152+35.32 241.8+¥11.1° | 333.6%£29.72% | 82.08+7.65° 249+46.61° 1.91+0.32°

D 12.74+2.28* 8.64+0.66° | 149.3£38.06° | 227.7+40.82° | 332.5+18.45% | 82.21+16.71% 238+46.16° 1.88+0.24°

A 11.83+2.17° 8.90+0.47% | 144.6+36.70% | 221.6+56.81% | 314.3#52.76% | 91.00+12.18% 266+45.71° 1.91+0.27°

Day B 12.00+0.76® 9.10+0.20* | 120.3+40.02° 240+25.98° 371+41.24¢ 83.67+19.31% | 226.6+33.41° 2.1+£0.17%
30 C 12.67£1.73% 9.07£0.10% | 122.3£17.47° | 257.6%21.73% | 342.6%25.72% | 83.67+9.87° | 212.6+49.66° 1.9+0.35°
D 10.97+1.53¢ 8.97+0.52 157.3+26.27° 270.5+26.7° 336+29.72° 81.83+17.6% 269.6+46.92 1.9+0.30°

A 12.33+2.05° 9.07+0.29? 139+35.35° 234.4+51.7° 359+42.98¢ 91.50+7.65% | 222.3+41.04° 1.94+0.32°

Day B 12.67+2.31° 8.47+0.55% 124+20.66* 250.3+79.32% | 332.3%45.3% 92.33+£35.82 237.3+£38.82 1.9+0.36°
60 C 13.33+2.08° 8.97+0.932 129+33.78% 220.6+11.14% | 378.6+84.24% | 88.33+18.01% 255.6+41.5% 1.7+0.39°2
D 13.33+0.58° 8.53+0.40% | 146.6+22.61% | 213.6493.26% | 331.3+30.37% | 82.33+22.59% | 228.3+56.2° 1.8+0.33°

A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum treated group,
D: control group. (Different lowercase letters on the standard deviation indicate significant differences (P<0.05) within each

sampling time).

Antioxidant status

The antioxidant status in the liver of the
fish from the experimental treatments is
presented in Table 6. The level of MDA
(malondialdehyde) in the probiotic treated

15 Iranian Veterinary Journal

groups, especially in the microencapsulated
probiotic group, was significantly lower
than in the control group (P<0.05). In con-
trast, the activities of superoxide dismutase
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(SOD) and GSH (glutathione) in the probi-
otic treated groups showed a significant in-
crease compared to the control group on
days 30 and 60 of the study. The level of

catalase enzyme did not show significant
differences among the groups across the
three sampling stages.

Table 6: The antioxidant status of the experimental groups at days zero, 30 and 60 of study

Mean MDA SOD GSH catlase
A 94.81+46.292 1.97+0.212 0.28+0.05? 0.04+0.0122
Day 0 B 105.48+20.922 2.58+0.45? 0.29+0.04 2 0.0340.0112
C 100.14+33.61° 2.27+0.33° 0.29+0.04 2 0.0410.0132
D 102.81+27.262 2.42+0.39° 0.29+0.04 2 0.0340.0122
A 89.85+11.38° 2.11+0.66" 0.31+0.12° 0.05%0.0142
Day 30 B 79.21+15.97° 3.63+0.542 0.37+0.13? 0.05+0.0112
C 74.85+23.92° 4.87+0.9° 0.43+0.072 0.06+0.02°2
D 106.81+46.29° 1.97£0.21° 0.28+0.05" 0.0410.0122
A 94.67+22.03® 2.73+0.60° 0.31+0.04° 0.0340.0142
Day 60 B 85.13+12.19° 2.87+0.36 % 0.38+0.08? 0.0410.0132
C 79.89+9.19° 3.2741.09° 0.39+0.082 0.05+0.0142
D 117.48+20.92° 2.58+0.45" 0.29+0.04° 0.0310.0112

A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum treated group,
D: control group. (Different lowercase letters on the standard deviation indicate significant differences (P<0.05) within each

sampling time).

Intestinal Bacterial flora

The total bacterial count and the count of
lactic acid bacteria in the intestines of ex-
perimental groups were compared in sam-
pling points (Table 7). The results indicated
that, although the total bacterial count did

not differ significantly (P>0.05) between
the treatments, the number of lactic acid
bacteria was significantly higher in the
treatments fed with probiotic-containing di-
ets compared to the other groups (P<0.05).

Table 7: The bacterial flora of intestineof the experimental groups at days zero, 30 and 60 of study

Groups Heterotroph bacteria Lactic Acid bacteria

A 165+26.062 122.33+33.15"

B 169+25.162 131.00+9.07°
Day 0

C 167+25.612 126.67+21.11°

D 168+25.382 128.83+15.09°

A 171.3+55.92 141.00+43.71°

B 180.6+44.812 170.00+42.3%®
Day 30

C 175.3+46.322 180.33+44.662

D 169+26.062 131.00+33.1°

A 173.3+45.352 144.00+56.29 %

B 162.3+53.722 156.67+48.012
Day 60

C 171.3+30.44°2 156.67+31.562

D 165+25.162 122.33+9.07°

A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated L.platarum treated group,
D: control group. (Different lowercase letters on the standard deviation indicate significant differences (P<0.05) within each
sampling time).
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Challenge

The results of the challenge with A. hy-
drophila of treated fish showed that the
highest mortality rate (60%) occurred in the

30

20

Cumulative mortality (%)
8

A B

control group, while the lowest mortality
rate (20%) was observed in the both vac-
cinated groups fed with encapsulated probi-
otic-containing diets (Figure 4).

60

20

C D

Figure 4: Mortality rate after challenge with A.hydrophila in the experimental groups at days60 of experi-
ment. A: vaccinated group, B: vaccinated and L.plantarum treated group, C: vaccinated and encapsulated
L.platarum treated group, D: control group.

Discussion

Improving growth indices is one of the
primary goals in aquaculture. The results of
the current study showed that the highest
growth indices were observed in the fish
vaccinated with A. hydrophila and fed with
L. plantarum microencapsulated with algi-
nate/chitosan. The microencapsulation of
the probiotic likely enhanced the probiotic
effects of probiotic, leading to improved
growth in this treatment. The ability to im-
prove growth performance of encapsulated
probiotics has previously been demon-
strated in other aquatic animals such as Ori-
ental Bream Fry (Abramis brama orien-
talis) (Asadi et al, 2016), green terror
(Neissi et al, 2013), sea bass (Ashouri et al.,
2018), basa fish (Pangasius bocourti) (Van
et al, 2014) and Nile tilapia (Van et al,
2017).

It is well established that the use of die-
tary probiotics can positively affect the
growth of fish through stimulation of appe-
tite, elevation of digestive enzymes activity,
regultion of the population of the gut micro-
flora, modification of the intestinal mor-
phology, promotion of feed utilization and
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provision of micronutrients (Pinpimai et al,
2015; Mohammadian et al, 2022). In this
study, protecting probiotics through micro-
encapsulation techniques enhances their ef-
ficacy. Similarly, significant improvement
of growth parameters has been reported in
Nile tilapia (Oreochromis niloticus) and
rainbow trout fed with diets containing free
or encapsulated Saccharomyces cerevisiae
and L. rhamnosus, respectively (Pinpimai et
al, 2015; Hooshyar et al, 2020). The im-
provement of growth indices in probionts
supplemented groups could likely be owing
to the increase in digestive enzyme activi-
ties, induced by probiotics (Jang et al,
2019). The increase in digestive enzyme ac-
tivities and therefore, improved feed utiliza-
tion through the use of probiotics has also
been reported in O. mykiss as the results of
other bacterial strains, like L. casei and L.
plantarum or even in other fish species, like
Sparus aurata, fed with Lactobacillus sp.
(Assan et al, 2022). The obtained results
suggested that higher amylase, trypsin, ALP
and lipase activities, in the L. plantarum-
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treated fish, might be responsible for im-
proved growth performance. The higher in-
testine ALP activity indicates the intensity
of nutrient absorption in the enterocytes of
fish, which it can be responsible for more
carbohydrate and lipid uptake (Gawlicka et
al, 2000). The previous studies explained
how probiotics (especially L. plantarum)
are able to stimulate this enzyme activity
within the brush border of fish enterocyte
(Mohammadian et al, 2017). The improved
intestine protease activity was in line with
the increased PER in our study. According
to the results, fish vaccinated with A. hy-
drophila and fed with encapsulated probi-
otic had significantly higher activities of in-
testinal trypsin, a-amylase, lipase and ALP.
Therefore, the enhancement of digestive en-
zymes activity was apparently one of the
main reasons for growth-stimulatory effects
of the probiotic used. The elevated activities
of digestive enzymes have been reported to
enhance the digestion of macromolecules
and therefore facilitate the absorption of nu-
trients within the gut lumen (Assan et al,
2022).

In this study, the vaccinated fish demon-
strated improved antioxidant defense after
the administration of microencapsulated
probiotics at both sampling stages. The
higher activities of serum SOD, CAT and
GSH and the lower levels of MDA were ob-
served in the probiotic treated groups, in
particular in the microencapsulated group.
In agreement with our results, the protective
effects of encapsulated or non-encapsulated
Lactobacillus strains have been reported
previously against oxidative stress caused
by stressors in aquatic animal models (Giri
et al, 2018).The previous studies have re-
vealed that there are insufficient levels of
endogenous antioxidants in cultured fish to
cope with external stressors, and improve-
ment of antioxidant defense capacities of
fish is highly important (Ghanei-Motlagh et
al, 2020). On the other hand, Lactobacillus
plantarum possess direct scavenging activi-
ties against active oxidants by production of

enzymes or metabolites with potent antiox-
idant abilities such as SOD, GSH, and bu-
tyrate (Wang et al, 2020). Likewise, Ad-
ministration of Lactobacillus spp. can posi-
tively alter the antioxidant defense system
of fish through regulation of antioxidant-de-
pendent signaling pathways (Hoseinifar et
al, 2020). SOD and CAT are involved in the
disproportionation of superoxide anion rad-
ical, and the degradation of hydrogen per-
oxide, respectively (Yousefi et al, 2019;
Ghanei-Motlaghet al, 2021). GSH is a
tripeptide non-enzymatic antioxidant which
plays an important role in the balance of in-
tracellular redox reactions (Haddad and
Harb, 2005). MDA is a secondary product
of lipid peroxidation reflecting the cell
membrane injury mediated by free radicals.

The results of the current study showed
that common carp vaccinated with A. hy-
drophila and fed with probiotics (with or
without microencapsulation) did not exhibit
significant differences in blood indices and
serum biochemical parameters with control
group (P>0.05). Hemato-biochemical tests
are important tools to assess the health sta-
tus of fish (Fazio, 2019). Irianto and Austin
reported no change in the number of RBC
in O. mykiss fed with probiotics for 14 days.
Similarly, The Micrococcus luteus adminis-
trated fish showed no increase in the num-
ber of hematological parameters in O. nilot-
icus (EI-Rhman et al, 2009). Contrary to our
finding, Firouzbakhsh et al, (2011) reported
the improved hematological indices in As-
tronotus ocellatus treated by probiotic
mixed diet. They suggest that the increase
in hematological parameters may be due to
the higher growth rates, which lead to in-
creased hematopoiesis and oxygen-carrying
capacity. However, this conclusion is lim-
ited as changes in hematological indices due
to nutrient manipulation often reflect ion
regulatory or respiratory issues, indicating
higher energy demands to maintain homeo-
stasis rather than supporting growth.

Out results showed that vaccination
against A. hydrophila and the administra-
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tion of probiotics (with or without encapsu-
lation) had no significant effect on serum
biochemical indices. The lack of impact on
blood and serum biochemical parameters
suggests that these treatments do not ad-
versely affect the health of the fish. How-
ever, it is possible that a longer administra-
tion period or a higher concentration of pro-
biotics could improve blood and serum bio-
chemical indices. Nonetheless, under the
conditions used in the current study, vac-
cination and probiotic administration did
not affect these parameters.

Groups 3 and 2, vaccinated and fed with
L. plantarum with and without microcapsu-
lation, exhibited a significant increase in
WBC at days 30 and 60 of trial. In similar
works, elevated WBC demonstrated in O.
mykiss received dietary probiotics. (Mo-
hammadian et al, 2017). The increase in
WBC count in the probiotic fed fish seems
to be the result of induced activities in the
anterior part of the head kidney.

In this study, most immune indices, in-
cluding anti-A. hydrophila antibody levels,
serum lysozyme activity, NBT reduction,
serum globulin and protein levels, anti-tryp-
sin, and myeloperoxidase, showed a signif-
icant increase in group 3 (vaccinated fish
with A. hydrophila and fed with diet con-
taining L. plantarum microencapsulated
with chitosan/alginate) compared to the
control group (P<0.05). However, some in-
dices, such as serum complement activity
and serum antimicrobial power, did not
show significant differences among the
treatments (P>0.05). Elevated lysozyme ac-
tivity in groups 2 and 3 suggests that these
applied probiotics can likely provoke the
immunity system of common cap. In agree-
ment with our finding, higher level of serum
lysozyme in O. mykiss fed with L. casei, L.
plantarum, and C. divergens was reported
previously (Mohammadian et al, 2019).

The alternative complement activity is
accounted as another indicator of innate im-
mune response in the case of infectious dis-
ease (Bavia et al, 2022). In the present
study, NBT reduction was elevated in group

19 Iranian Veterinary Journal

3. Consistent to our finding, Andani et al,
(2012), and (Mohammadian et al, 2019)
showed that administration of Lactobacillus
bacteria increases the serum complement
and NBT activity in O. mykiss. On the other
hand, contradictory findings were also re-
ported (Mozanzadeh et al, 2023), attributing
the possible difference in experimental pro-
cedure and even bacterial strains. The ob-
tained results showed that when fish
recieved L. plantarum, the NBT reduction
was higher than the control group. NBT re-
duction is an indicator for respiratory burst
activity of immune-related cells in fish (Zhu
& Su, 2022). The findings of respiratory
burst activity following the probiotics treat-
ment in fish are often contradictory, while
some studies indicated that probiotics did
not have any significant impact on this non-
specific defense mechanism of fish
(Mozanzadeh et al, 2023). Several in vitro
and in vivo studies showed a significant in-
crease in respiratory burst activity by vari-
ous probiotics in many aquatic animals in-
cluding fish (Zhu and Su, 2022). This study
further confirmed that the probiotics might
be responsible for degrading free radicals
production by host phagocytic cells.

Myeloperoxidase and anti-trypsin, as two
immunological indices, showed a signifi-
cant increase in groups 2 and 3 compared to
the control group. The probiotic administra-
tion in fish has been shown to enhance the
activity of anti-trypsin and myeloperoxi-
dase (Sahu et al, 2013). These effects are at-
tributed to the stimulation of the immune
system, which improves the ability to re-
spond to pathogens of the fish. Anti-trypsin
activity is linked to the regulation of prote-
ase enzymes, while myeloperoxidase is in-
volved in the production of reactive oxygen
species during the immune response, both
contributing to increased disease resistance
in the fish (Hoseinifar et al, 2016).

The intestinal bacterial count and flora of
fish in the different treatment groups were
influenced by the treatments. Although the
number of heterotrophic bacteria did not
show significant differences among the



Mohammed Abdul Kadhim Aakool, Mojtaba Alishahi, et al.

groups (P>0.05), the number of lactic acid
bacteria significantly increased in group 3
(vaccinated fish fed with microencapsulated
probiotics) and group 2 (vaccinated fish
treated with probiotic) compared to the con-
trol group (P<0.05). In similar studies, the
effect of probiotic administration on alter-
ing the intestinal bacterial flora and increas-
ing lactic acid bacteria in the gut has been
reported. Mohammadian et al, (2019) re-
ported an increase in the proportion of lactic
acid bacteria in the intestines of rainbow
trout fed with a diet containing Lactobacil-
lus bulgaricus. It is likely that the probiotic
bacteria established in the gut, after prolif-
erating, led to changes in the intestinal bac-
terial flora, replacing other bacteria, partic-
ularly Gram-negative bacteria, with benefi-
cial lactic acid bacteria. A healthy gut mi-
crobiota can prevent colonization by patho-
genic bacteria, reduce inflammation, and
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improve nutrient absorption, all of which
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Overall, it can be concluded that the ad-
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and fish health. Further studies are sug-
gested to refine the probiotic microencapsu-
lation technique and its effect on the effi-
cacy of highly demanded vaccines in aqua-
culture industry.
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