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Abstract

A total of 2,400 Persian sturgeon fingerlings weighing 3.50-3.80 g were fed a diet
composed of but different amounts of D-pro probiotics (Bacillus subtilis, B.
licheniformis and yeast Saccharomyces cerevisiae). Fish were distributed in fiberglass
tanks (1.80 x 1.80 x 60 cm) each containing 200 fish for 2 months. This research was
conducted in Beheshti Sturgeon Hatchery Center, North Iran in the summer of 2016.
The mean temperature of the water (21+2°C), pH (7.5+0.5), and aeration and oxygen
concentration (6+0.5 mg L™) were measured for 60 days. The calculated data were
analyzed using one-way ANOVA test. Duncan test was used for comparing the means
of the treatment. Results suggest that adding probiotics and yeasts to the diet had a
significant impact on the percentages of hematocrit (PCV %), neutrophils and lysozyme
(p<0.05). In addition, it was shown that the immunoglobulins in the T, and T3 increased
relatively to the control group. The amount of C; and C, complements were
significantly increased by adding various sources of probiotics (p<0.05). Moreover, in
terms of immune and biochemical parameters of the mucus sample, the interleukin 1
(T; and T,) and lectin (T, and T3) factors were improved. Also, in mucus samples,
alkaline phosphatase and GPX all values measured in treated fish were lower than
control group in various levels. These results show that application of two bacilli in
combination form plus yeast may provide a better efficacy on the Persian sturgeon
immune status.
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Introduction
Sturgeons are quite desired in terms of
biodiversity and genetic diversity since
they are able to survive for a long time.
These fish are of crucial economic
importance because of the caviar they
produce and their meat (Pourkazemi,
2006). Among sturgeons, Acipenser
persicus is a valuable species, which
was first seen in the Ural River
(Khodorevskaya and Novikova, 1995).
Probiotics are nowadays known as
appropriate and safe additives in diets.
Many probiotic species belong to a
large family of bacteria named
lactobacillales or lactic acid bacteria
(LAB). Other probiotics are yeasts
including Saccharomyces and bacteria
such as Enterococcus faecium and
Bacillus subtilis (Valeur et al., 2004).
Probiotics contain live and/or dead
microbial cells. When added to diets,
the probiotics can have positive impacts
on mechanisms such as improvement of
the microbial populations or
improvement of microbial growth
(Balakrishna and Keerthi, 2012).
Probiotics play an important role in
the health and improvement of growth
of fish and can stimulate the specific
and non-specific immune systems.
Probiotics that contain one or multiple
species of yeast or bacterium are able to
stimulate lysozyme and phagocytic
activities and increase the function of
fish cytokines (Allameh et al., 2017).
Notably, numerous factors such as
resource, species, the dosage and
duration of consumption of probiotics
affect their immunity-related activities
(Allamenh et al., 2017). Using
lactobacillus as additives has lead to a

strong and appropriate  immune
response  against  microorganisms
(Salaghi et al., 2013).

Licheniformis bacillus is a part of the
subtilis family along with B. subtilis
and B. pamilus. They play important
roles in the production of antibiotics,
biosurfactants, alkaline amylase, and
proteins (Smitha and Bhat, 2013). Since
Bacillus subtilis is able to produce
compounds with antimicrobial
properties  such as  antifungal
lipopeptides, they are effective when it
comes to fungal pathogens (Ongena and
Jacquea, 2007). Since this bacterium is
a resistant spore-forming bacterium, it
is one of the best candidates in the
biological control process (Fickers et
al., 2008).

Saccharomyces cerevisiae yeast is
one of the most important industrial
yeasts for producing biochemical
compounds, recombinant proteins, and
single-cell proteins. The performance of
Saccharomyces cerevisiae depends on
its strain (Fietto et al., 2004).
Saccharomyces var. boulardii yeast
seems to have an impact on the
metabolism of Oncorhynchus mykiss
and increase lipid and pigmentation of
the muscle (Aubin et al., 2005).

Given the importance of Persian
sturgeon, A. percsicus, in the economy
of the fish meat and caviar production
industry and also considering the role of
probiotics in the diets of different fish,
the present study aimed to examine the
effect of oral consumption of
licheniformis and B. subtilis probiotics
and S. cerevisiae yeast on the
hematologic,  immunological, and
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biochemical parameters of Persian A.
persicus.

Materials and methods

Fish

A. persicus fingerlings weighing 3.5-3.8
g obtained from a sturgeon hatchery
center were used. Fish were randomly
distributed in 1.8 x 18x 0.6 m
fibreglass tanks with 200 fish/tank. Fish
were acclimatized for 14 days to new
conditions and were fed Coppens Feed
(Germany) in the summer of 2016.
Water quality parameters included
temperature 21+2 °C, pH 7.5%0.5,
dissolved oxygen>6 mg L™, nitrite <0.1
mg L™ and unionized ammonia <0.01
mg L™. The water supply source was a
combination of well and river water,
60% of well water and 40% of river
water, with a total flow rate of 0.20
liters per second and was distributed
between baths in completely identical
conditions.

Probiotic and yeast

Commercial probiotic named Dipro
contains B. licheniformis and B. subtilis
(each at1.6x10'2 cfu kg™) (Takgen Zist
Lmt, Iran) and S. cerevisiae at 5 g kg™
feed (Takgen Zist Lmt, Iran) was used.

Experimental design

The first and second groups were fed
with Dipro probiotic (DP) and S.
cerevisiae (SC) each at 5 g kg™ feed.
The third group was fed with the
mixture of DP +SC each at 5 g kg™
feed. The fourth group was considered
as control fish using basal feed. Each
treatment was considered in three
replicates with 200 fish/replicate.

Gelatin at 30 g L™ at 51°C was used as
the coater.

Sampling

At the end of the trial, feeding was
stopped for 24 hours and blood samples
were taken from 150 fish in each
treatment after fish were anaesthetized
with clove oil at 75 ppm. The obtained
heparinized blood samples were
processed for hematological
parameters, while the un-heparinized
blood samples were centrifuged before
sera  separation for immuno-
biochemical assays as described below.
Also, samples of gut mucus were
collected from 6 samples in each
treatment in sterile Eppendorf tubes and
were immediately frozen at -70 °C until
examined.

Hematological assays

The hematological indices consisting of
red blood cell (RBC) count, white
blood cell (WBC) count, hematocrit
percentage (PCV %), hemoglobin
concentration (HB), mean corpuscular
hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC) and
mean corpuscular volume, or mean cell
volume (MCV) were carried out using
methods described by Klontz (1994).
The leukocyte differential count was
carried out using the blood smears
under compound light microscope at x
400. The blood smears were first dried,
fixed with methanol and stained with
Giemsa stain prior to the examination.
(Klontz, 1994).
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Immuno-biochemical assays
Alkaline  phosphate  (ALP) was
measured using an Auto-analyzer
device (Belgium Eurolyser). Serum
Total protein was obtained using an
Auto-analyzer (BT-1500, Biotecnica,
Italy) at 520 nm using the Biuret
method (Hoseinifar et al., 2011).
Lysozyme level was  measured
according to Ellis (1990) using
Micrococcus  lysodeikticus  (Sigma,
USA), and lysozyme from egg white
lyophilized powder (Sigma) was used
for drawing the standard curve. The
values of Ciz, C,s and CHsy were
measured according to Stolen et al.
(1990). In addition, Easbiopharm kit
(Hangzhou Eastbiopharm Co., Ltd ,
USA) was used for detection of lectin
and interleukin values in sera samples.
Glutathione peroxidase was measured
with method Peglia and Valentine
(1976).

Catalase activity was determined by
measuring the decrease of H,0,
concentration at 410 nm according to

Koroliuk et al. (1988). Moreover,
immunoglobulin M (IgM) content was
estimated according to the method
described by Siwicki and Anderson
(1993). High-sensitive CRP (hs-CRP)
was calculated using methods described
by Kodama et al. (2003). Finally,
Superoxide dismutase activity was
determined according to Kostiuk et al.
(1990).

Statistical model and the experimental
design

A completely randomized design with 4
treatments and three replications was
used. The obtained data were analyzed
using the one-way ANOVA test.
Duncan test was used for comparing the
means of the treatment. A 5%
significance level was determined for
comparing the means of the treatments.

Results

Immuno-biochemical parameters

The immuno-biochemical values results
are shown in Table 1.

Table 1: Immunological and biochemical indexes of Persian sturgeon serum fed with bacilli
probiotics and yeast for 2 months. DP= Bacillus subtilis + Bacillus licheniformis,
SC=Saccharomyces cerevisiae, DP+SC= B. subtilis + B. licheniformis+ S. cerevisiae.

Index Treatments
Unit DP SC DP+SC Control
Lysozyme ug mit 23.33+3.83° 20.5+3.14° 28+4.38° 17.66+1.75¢
Total immunoglobin mg ml* 11.83+0.42° 10.72+0.29° 14.98+0.51° 10.65+0.22¢
Interleukin-1 mg ml* 12.46+1.76° 12.05+2.89° 14.1+2.49% 11.42+1.74°
Lectin ug mit 85.10+13.48%  30.92+5.59° 64.45+6.26° 28.48+5.73¢
Catalas Umlt 63.16£3.97°  87.33+12.53° 71.16+4.91° 48.50+12.06°
Superoxide U mi™ 156+33.34%  139.96+27.87°  145.60429.67°  136.18+13.74
dismutase

* Different letters indicate significant differences (p<0.05).
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As can be noticed, the blood sample in
T3 had the highest level of lysozyme
enzyme (28 pg mL?Y) and the
differences between this treatment and
others were significant (p<0.05). The
lowest level of lysozyme to control was
in the blood serum sample of T, (20.5
g mL™Y).

In addition, the blood serum sample
of T3 had the highest level of total
immunoglobin (14.98 mg mL™) and it
had a significant difference with the
control and the other two treatments
(p<0.05). However, there was no
considerable difference between T, and
control.

The interleukin in the blood serum
was increased when adding various
sources of probiotics. This increase was
most exponential for Ts, in which
samples increased two different sources
of probiotics, i.e. D-pro and SC.
However, this increase was statistically
significant compared to that of T,. An
increase was also observed in T;, but
this increase was less considerable than
the increased in T3; however, there was
no significant difference between the
control and T, (p>0.05). Adding only
one source of probiotics to the diet, i.e.
SC, led to an increase in the level of
interleukin-1 in the blood serum.

The level of lectin in Ty increased
significantly compared with the control
treatment. It is noteworthy that when

both D-pro and yeast were added as
probiotics to the diets, lectin underwent
a 126.3% increase. The results obtained
by comparing the means of various
treatments were somehow different for
the catalase enzyme. For example, in
the case of T, where D-pro was added
to the diet as a probiotic, the level of
this enzyme increased and this increase
was statistically significant (p<0.05).
The level of this enzyme increased to
87.33 U mL™ in T, when yeast was
added to the diets. It has to be noted
that in T3, the level of catalase was
significantly increased to 46.72%. The
highest level of superoxide dismutase
was observed in the blood serum
sample of Treatment 1 (156.20 U mL™).
Compared to the control and other
treatments, the increase in the level of
SOD was significant (p<0.05). The
lowest level of SOD was observed in
T,, which was not statistically
significant compared to the control
(p>0.05). In T3, the level of this enzyme
had a 6.92% increase (to 145.60 U mL"
1 relative to the control. The changes of
the immune factors and biochemical
indexes in the blood serum samples
taken from Persian sturgeon fingerlings.

Table 2 illustrates the comparison
made between the means of the
biochemical indexes and mucosal
immune factors of Persian sturgeon
fingerlings.
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Table 2: Immunological variables measured in mucus of Persian sturgeon fed with bacilli probiotic
and yeast for 2 months. DP= Bacillus subtilis + Bacillus licheniformis, SC= Saccharomyces
cerevisiae, DP+SC= B. subtilis + B. licheniformis+ S. cerevisiae.

Index Treatments
Unit DP SC DP+SC Control

Cs pg Lt 30.01+0.01° 44.1+0.01° 50.01+0.01° 19.01+0.01°
C, pg L 26.01+0.01° 17.01+0.01° 30.34+0.01° 10.01+.01°
CHso Umlt 36.1+0.01° 46.75+0.01° 53.140.01° 24.01+0.01¢
IL1 mgL?  30.46+0.06° 30.63+0.06° 27.01+0.01¢ 26.43+0.06°
Lectin pgmit  101.30+0.012 77.86+0.06° 83.70+0.01° 76.20+0.01¢
GPX Umlt  4.01+0.01° 5.2+0.01° 3.5+0.01¢ 6.41+0.01°
CRP mgdli®  0.5+0.001° 0.1+0.001° 0.5+0.001% 0.1+0.001%
Alkaline phosphate Umlt  8.02+0.01° 10.01£0.01° 8.6+0.01° 14.01+0.01°
Serum Total protein mgdl?  0.6+0.001% 0.5+0.101° 0.41+0.001% 0.2+0.001°

* Different letters indicate significant differences (p<0.05).

As can be seen, the addition of various
sources of probiotics led to the increase
of C3 and this increase was statistically
significant  (p<0.05). The  most
exponential increase was observed in T
3. Therefore, the level of C3in T3 had a
significant difference with that in the
control and the other two treatments.
The second highest level of C3 was that
of T,; it underwent a 131.98% increase,
which was statistically significant
(p<0.05). The variations of the level of
C,4 with the addition of various sources
of probiotics were to some extent
similar to that of Cs. In the control, the
level of C,4 was 10.01 pg L™ and adding
probiotics led to a significant increase
in this level. In this regard, the
maximum increase was observed in Tj,
where both sources of probiotics were
received by the samples.

The level of interleukin-1 in the
mucus was equal to 26.43 mg mL*
based on the control diet. This level was
increased to 30.46 mg mL™ in the T;
after D-pro was added to the diet (a
15.25 % increase). In T,, with the
addition of the yeast to the diet, the
variations were the same without any
considerable change and there was
significant difference between T, and
T, in this regard. It is of note that the
level of interleukin in T3 was reduced
when adding both sources of probiotics;
however, this reduction was statistically
significant.

The results obtained from comparing
the means for the level of lectin show
that adding D-pro causes a significant
increase; whereas the addition of yeast
as the only source of probiotics in T,
led to a slight increase in the level of
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lectin. The analysis results showed
significant difference between T, and
the control (p<0.05). The level of lectin
was increased in T; and Ts.

The level of the glutathione
peroxidase enzyme in the control was
equal to 6.41 U ml™. This level was
decreased in Ty with the addition of D-
pro complement; this decrease was
significant (p<0.05). In T, when
Saccharomyces cerevisiae yeast was
added to the diet, the level of
glutathione peroxidase was
significantly decreased (p<0.05). In Tj,
the reduce was more exponential (3.5U
mL™) and significantly different in the
control and other treatments.

Acute phase protein was equal to 0.1
mg dI* in the control. Notably, a
considerable procedure was observed in
the level of acute phase protein when
various sources of probiotics were
added; meaning that the levels of acute
phase protein were similar in T, and Tg,
not to mention that the level of acute
phase protein had not a significant raise
relative to the control. Alkaline
phosphate in the mucus sample
underwent reduce as various sources of
probiotics were added. In the control,
alkaline phosphate was equal 14.01 U
mL™ which was decrease to 8.02 U mL’
! in T, which was statistically
significant (p<0.05). In T, where

Saccharomyces cerevisiae Yyeast was
added as the probiotic, the level of
alkaline phosphate was reduced to
10.01 U mL™ and this decrease was the
lowest among all of the treatments.
There was a significant difference
between this treatment and the control
as well as the other treatments (p<0.05).
In T3, the level of alkaline phosphate
was decreased to 8.6 U mL™ compared
with the control. It seems that adding
Saccharomyces cerevisiae yeast as a
probiotic led to the lowest decrease in
the level of alkaline phosphate
compared with adding D-pro.

As presented in Table 2, serum total
protein in the mucus sample was equal
to 0.2 mg dL™ in the control treatment.
T, and T, were similar in terms of the
rise of the level of total protein in the
mucus sample; the level of total protein
in the mucus sample was equal to 0.6 g
L™ and 0.5 mg dL™. In T3, where two
sources of probiotics were added, the
reduction in the level of total protein
was the lowest amount in comparison
with T, and To.

Hematological parameters

Table 3 and Table 4 show the results
obtained from comparing the mean of
immunocompetent cell population and
hematological indexes of blood-based
on the conditions of various treatments.
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Table 3: Immunocompetent cell population in of Persian sturgeon fingerlings fed Bacillus
probiotics and yeast for two months. DP= Bacillus subtilis + Bacillus licheniformis, SC=
Saccharomyces cerevisiae, DP+SC= B. subtilis + B. licheniformis+ S. cerevisiae.

Value Treatments

DP SC DP+SC Control
WBC (10°cells pl™) 22.21 +1.32° 20.62 #1.35°  23.23+1° 20.2+1.1°
Neutrophil (%) 22.53+1.21° 22.21+1.38" 23.44+1.04° 21.45+1.1°
Lymphocyte (%) 68.56 +1.32° 67.7+ 1.45 68.79 +1.65 67.44+2.1°
Monocyte (%) 3.7+1.21° 3.78+1.03° 3.7+1.2° 3.7+1.2°
Eosinophil (%) 5.21 #1.01° 6.31+ 0.68" 4.07 +1.55" 6.41+1.73°

* Different letters indicate significant differences (p<0.05).

Table 4: Hematological indexes in of Persian sturgeon fingerlings fed Bacillus probiotics and yeast
for two months. DP= Bacillus subtilis + Bacillus licheniformis, SC= Saccharomyces
cerevisiae, DP+SC= B. subtilis + B. licheniformis+ S. cerevisiae.

Hematological Treatments

index DP sC DP+SC Control

RBC (107 cells pIY) ~ 70+10.54° 68.67+ 11.22° 73+ 12.34° 66.32 +14.54°
HB (g dI™) 5.40+0.3° 5.66+0.258" 5.73+0.31° 5.25+0.30"
PCV (%) 25.66+1.75" 24.76+1.78° 26.50+1.05° 22.66+1.21°
MCV (fl) 231.43+43.9° 246.09+49.2° 235.48+49.44° 238.64+62.04
MCHC (Pg dI™ 33.33+7.73° 33.33+13.33% 31+12.4° 33.33+17.33°
MCH (Pg) 77.14+14.66° 82.03+16.40° 78.49+16.48° 79.54+20.68°

* Different letters indicate significant differences (p<0.05).

The number of white blood cells was
significantly increased in T3, where a
combination of yeast and D-pro was
added (a 13.04% increase). It was the
same for the red blood cells; in the
sense that the number of red blood cells
was increased in Treatments 1 and 2
(p<0.05), also it was increased in Ts. It
is worth mentioning that addition of D-
pro in T, and T3 led to an increase in
the number of RBC (p<0.05).

In T1, hematocrit percentage (PCV
%) was increased when D-pro was
added. In comparison to the control
treatment, hematocrit percentage was
increased in T, (p<0.05). The
hematocrit percentage was increased in
T3 with the addition of both sources of
probiotics and this raise was equal to
8.38%. The MCV was decreased in all
of the treatments (p<0.05) and the
increase was observed in T,, where SC
was added. With the addition of SC, the

MCH was increased in the T, . With the
addition of D-pro and SC in T3, the
MCHC was decreased and this decrease
was statistically significant (p<0.05).

The level of neutrophils was
increased in all treatments relative to
the control (p<0.05); In T;, where D-
pro was added, lymphocytes had a
significant increase (p<0.05). In all
treatments, monocytes were similar
with the addition of probiotics and the
differences  between the control
treatment and the other three were not
significant. The levels of eosinophil
were reduced in all treatments
compared with the control. An
eosinophil reduction is observed in
conditions where the fish is influenced
by acute stress, such as stress on the
fish during a blood sampling due to
secretion of substances including
adrenaline,  glucocorticosteroid  or
epinephrine.
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Discussion

There are some studies that confirm the
positive effects of probiotics, prebiotics,
immunostimulants, and vitamins on
different aquatic species (Hoseinifar et
al., 2011; Chelladurai et al.,, 2013;
Mohapatra et al., 2014; Kane et al.,
2016).

Obviously, these probiotics boost the
immune system to defend the body
against pathogenic organisms. Also,
they neutralize the negative effects of
antibiotics and chemotherapy agents.
The compounds created by bacteria
help reinforce the immune response of
fish, lobster, and white shrimp (Akter et
al., 2015;). Probiotics such as
Lactobacillus plantarum have shown
established properties for improving the
immune system, helping the body
defend itself better against pathogenic
microorganisms such as streptococci
and lactococci, and for improving
growth by stimulating the immune
system and increasing its efficiency
(Kane et al.,, 2016; Allameh et al.,
2017). Lysozyme is a protein that has
been found in various vertebrate
species, including fish. Most of the
antimicrobial activities of this protein
are against gram-positive bacteria and
some of the gram-negative bacteria as
well. Lysozyme breaks the beta 1, 4-
glycosidic bond between N-
acetylmuramic and N-
acetylglucosamine in the peptidoglycan
layer in cell walls of bacteria (Balcazar
et al., 2007). In addition, it activates
complements and increases the
phagocytic activity in the serum
(Ahmadifar et al., 2011). The level of
lysozyme reduces in fertilized eggs and

this reduction continues until larvae are
10-days old. From this point onward,
the level of lysozyme increases. It is
quite the opposite for the level of C3
complement (Abdollahi et al., 2016).
The immunological indexes change
when probiotics are added to the diets
(Imanpoor and Roohi, 2015). This
behavior was observed in the present
study when the B. licheniformis and B.
subtilis probiotics were added to the
diet; suggesting that by adding
probiotics, the level of lysozyme in the
blood serum was significantly
enhanced. The increase in lysozyme
following the addition of B.
licheniformis and B. subtilis bacteria, as
probiotics, to the ration can cause
elevations in antimicrobial activities
and balance the sturgeon fingerlings’
intestinal micro-flora. This behavior is
accompanied by the macrophagic
activities and harmful microbes’
elimination of the digestive tract. Kane
et al. (2016) state that lysozyme rates
significantly increase with the addition
of Lactococcus lactis probiotics to the
ration administered to the Iranian
sturgeon fingerlings.

Immunoglobulins are among the
most important humoral immune
factors in fish that play a key role in
preventing harmful microorganisms
(Akter et al., 2015). It has been
evidenced that probiotics are able to
increase the innate and specific immune
responses of fish by improving the
production of total immunoglobulins
(Khan et al.,, 2016). In the present
study, it has been shown that adding
probiotics such as B. licheniformis and
B. subtilis, and the S. cerevisiae yeast
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significantly increased the level of total
immunoglobulins. This finding supports
the specific and inherent immunity
response of the Iranian sturgeon
fingerlings. However, in addition to the
type of probiotic added, the applied
concentration of the stimulant and
management methods in fish breeding
are also key factors that affect the
immune responses of fish. In the
research conducted by Taati et al.
(2011), it was reported that the levels of
IgM in the blood serum of Huso Huso
(beluga) that had received a diet
containing 1% mannan-oligosaccharide
prebiotic were significantly higher than
that of the fish in the control group. In
this connection, Khan et al. (2016)
reported that adding Lactobacillus
plantarum to the diets significantly
increases the level of immunoglobulin
G, Serum total protein, alkaline
phosphatase, and cells such as
leukocytes and monocytes. Chelladurai
et al. (2013) have also reported that
adding prebiotics to the diets increases
the level of immunoglobulins.

Also, compliments are among the
non-specific immune factors that have a
significant impact on the immune
response of fish. It has been frequently
reported that using immunostimulants
increases the activities of complements
(Abdollahi et al., 2016). It seems that
the improvement of the immunity
system occurs in sturgeons subsequent
to the increase in C; and C4
complements; and this improvement is
per se highly effective on their general
health.

In the present study, it was observed
that the levels of C3, C4 complements,

and CHso were significantly increased
when various sources of probiotics,
including licheniformis and B. subtilis
bacteria and S. cerevisiae yeast, were
added to the diets. This result complies
with the results obtained by other
scholars (Abdollahi et al., 2016).
Mucus is one of the innate immune
mechanisms that is always present and
is continuously produced when dead
tissues of skin are removed. Mucus
prevents adhesion of pathogens that in
turn helps the defence system. In this
context, fish mucus is an important
source of substances involved in the
non-specific immune system, including

lysozyme, immunoglobulins,
complementary proteins
(complementary  agents), lectins,
proteolytic enzymes, c-reactive

proteins, other proteins, and
antibacterial lipids (Subramanian et al.,
2007). In the present study, a drop was
observed in the level of glutathione
peroxidase enzyme following the
addition of probiotics. This result does
comply with the results obtained from
some of the other investigations. In
some studies, a drop was observed in
the activity of enzymes and the
products of oxidation of superoxide
dismutase and catalase in Litopenaeus
stylirostris and Mycteropercarosacea
receiving a diet that is rich with
Debaryomyces hansenii and
Pediococcus  acidilactici  (Pereira,
2014). Moreover, in the research
conducted by Tovar-Ramirez et al.
(2010) on Lates calcarifer, it was
concluded that although using yeast
does not have an impact on the catalase
enzyme, it reduces the activity of
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glutathione peroxidase; which complies
with the results of the present study. In
Litopenaeus stylirostris, the activity of
glutathione peroxidase has increased
when the samples received a diet
containing B. subtilis (Shen et al.,
2010). Li et al. (2015) have shown that
all of the immunological parameters,
including phagocytic activities,
superoxide dismutase, catalase, and the
activity of phenoloxidase, significantly
are improved when B. cereus and B.
subtilis are added to the diets. Thus,
using a combination of probiotics
stimulates the non-specific immune
response and improves growth and
resistance to pathogens (Li et al., 2015).

Hematological indexes

Hematological parameters, as the
indication of the health status of the
fish, are clearly influenced by their
physiological status (Harikrishnan et
al., 2010). Numerous studies have
reported that when probiotics are added
to the diets, an optimum condition is
obtained for hematological parameters
including the number of white blood
cells, number of red blood cells, cellular
volume, and hemoglobin (Olayinka and
Afolabi, 2013). Therefore, blood
parameters act as valuable measures for
evaluating fish’s level of health (Neissi
et al., 2013). The findings of the present
study have shown that adding
probiotics to the diets of the samples
has a statistically significant impact on
the WBC count, RBC count, PCV, and
percentage of neutrophils. The results
of this research regarding the
improvement of blood indexes comply
with the results of other studies

(Chelladurai et al., 2013). Chelladurai
et al. (2013) showed that adding L.
acidophilus, as a probiotic, to the diets
significantly increases blood parameters
including red blood cells, white blood
cells, serum  protein,  glucose,
cholesterol, and mineral ions such as
magnesium, calcium, and chlorine.
Blood parameters probably become
more efficient because the fish are
under less stress. Also, because they
consume probiotics, they become more
resistant to infections. Faeed et al.
(2016) showed that out of all the blood
parameters, only hematocrit and MCV
are significantly increased when
Enterococcus faecium is added to the
diets as a probiotic.

Generally, the results of this research
indicate that adding D-pro probiotic and
S. cerevisiae yeast to the diet of Persian
sturgeon fingerlings can improve some
of the hematological parameters and
this improvement is more considerable
where D-pro was added (T3, Ty).
Studying  immune  factors  and
biochemical indexes in mucus showed
some improvement in interleukin (T4,
T,) and lectin (T, T3). About immune
factors and biochemical indexes in the
blood serum samples, different factors
separately improved the efficiency of
Ti T, and Ts, receiving D-pro, S.
cerevisiae yeast, and a combination of
D-pro and SC yeast.
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