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Abstract:
ARTICLE INFO The main objective of this study was to evaluate the possible synergistic effects
Bacillus subtilis, of Bacillus subtilis (Bs) and Chlorella vulgaris (Cv) on growth performance, feed
Chlorella Vulgaris, utilization, hematological and biochemical variables and immune response of Nile
Growth Performance, tilapia (Oreochromis niloticus) monosex fingerlings. 210 O. niloticus fingerlings
Hematological, (with an average weight of 3.55 g placed in 21 aquarium/triplicates for each
Biochemical Variables, treatment) were divided into six test diets enriched with Bs (3 or 6 g per kg diet), Cv
Nile Tilapia (2 and 3 g per kg diet) or both Bs and Cv for a period of 14 weeks, in addition to a
Oreochromis niloticus. control diet. The data showed that fish fed Bs or/and Cv had higher final body

weights, weight gains, and specific growth rates than the control group, according to
the data; the fish fed diets containing Bs and Cv had the highest growth rates. Fish
fed Bs and/or Cv had lower feed conversion ratios. Moreover, fish fed both Bs and
CV had the lowest ratio. The hematological and biochemical variables showed
significant differences between the groups with normal values. The above
demonstrates the importance of feeding (O. niloticus) monosex diets rich in B.
subtilis and C. vulgaris to improve growth performance and general health.

INTRODUCTION Punder and Pruimboom, 2015). Typically,
immunological deficiencies brought on by high

densities, poor water quality, and erratic weather
patterns can cause fish to become infected with
outbreaks (Bonga, 1997; Abdel-Latif et al.,
2020a).Antibiotics are the primary treatment for
infectious  infections;  nevertheless,  repeated
chemotherapeutic usage has numerous negative effects
on fish health, human health and ecology (Akanmu,
2018; Dawood and Koshio, 2016). As a result, the use
of antibiotics in the livestock, poultry and fish
production industries has been outlawed in several

As one of the primary sources of reasonable
animal protein needed for human nourishment,
aquaculture has seen a rise in demand recently (FAO,
2018). Therefore, intensive fish farming (which refers
to optimizing the yield per unit area) is required to
boost fish output (Dawood et al., 2020a; Herrera et
al., 2019). However, a number of issues pertaining to
environmental stresses have surfaced as a result of
fish's limited biological capacity and the availability of
natural resources in the aquaculture ecosystem (De
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nations (Santos and Ramos, 2018). There is a
growing need for natural substitutes that can lessen
antibiotic usage without endangering aquatic life (Cao
et al., 2020). Fish can be raised with the alternative
chemicals by include them in their diets for the
duration of the rearing season (Dawood et al., 2019a).
Fish diets have seen success with a wide range of food
additions, such as medicinal herbs and probiotics
(Abdel-Latif et al., 2020b; Cao et al., 2020; Kothari
et al., 2019). Probiotics are a class of bacteria that
enhance the intestinal diversity, capacity for
absorption and digestion, and local intestinal immunity
within the fish's digestive system (Pérez-Sanchez et
al., 2014). One of the most significant probiotic
species employed in many fish species is Bacillus
bacteria, whose spores are simple to add to aquafeed
and have a reasonably long shelf life (Ringo et al.,
2018; Yilmaz et al., 2020). The advantages of Bacillus
species in Nile tilapia (O. niloticus) include improved
gastrointestinal tract digestion capacity, increased
resistance against environmental stressors and
outbreaks, and improvements in humoral and adaptive
immune responses and local intestinal immunity
(Chantharasophon et al., 2011; Han et al., 2015;
Telli et al., 2014). Medicinal herbs and their extracts
can also be used as food additives to enhance the
growth and general health of aquatic animals (Dawood
etal., 2018; Van Hai, 2015).

A genus of green single-celled algae in the
phylum Chlorophyta is called Chlorella. It lacks
flagella and has a spherical form with a diameter of
around 2 to 10 um. The green photosynthetic pigments
chlorophyll-a and -b are found in chloroplasts of
chlorella (Becker, 2007). It reproduces quickly by
photosynthesis, using only carbon dioxide, water,
sunlight, and a tiny amount of minerals (Becker,
2007). Because of their chemical makeup, chlorella
spp. are highly valuable economically. They are also
rich in a variety of vital nutrients, including proteins
(Becker, 2007), carotenoids (Del Campo et al., 2007),
and polysaccharides (Juneja et al., 2013). The crude
protein concentration, which ranges from roughly 15%
to 88% of dry matter, has special potential for use as
animal feed or for human consumption (Guccione et
al., 2014). Because of its great demand, quick growth,
and affordable pricing, Nile tilapia is the second most
important aquatic animal in the world (El Asely et al.,
2020a, b). When feeding fish, it is often possible to use
only one kind of food additive; nevertheless, it appears
that a combination of different types works better
(Dawood et al., 2015; Yilmaz et al., 2019; Yilmaz et
al., 2020). Thus, ensuring the efficacy of adding
Bacillus and chlorella as food additives to tilapia diets
is the primary Aim of this study.

MATERIALS AND METHODS:
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Nile tilapia, O. niloticus monosex fingerlings,
weighed an average of 3.55 g at the beginning of this
experiment. purchased from a private hatchery in the
governorate of Kafr EI-Sheikh. O. niloticus fingerlings
were transferred to the Nutrition Laboratory of the
Aquaculture Research Unit in Sakha, Kafr El-Sheikh
Governorate. The fish were kept in a 1000-liter
fiberglass tank to aid in their acclimation to the lab
setting. Twenty-one aquarium of 30*40*60 cm, or 72
L, were utilized in this experiment. In each Glass
aquaria, ten fish were inserted. Duplicate units were
randomized to each therapy before the study started.
For two weeks, Fish were allowed to acclimate under
trial conditions by feeding them on the control diet at
3% of biomass in equal portions at 8:00, 13:00, and
16:00 hours every day.The baseline ratio was
considered as the extruded pelleted diet with a basal
formulation (32% crude protein) (Table 1). Control
and six test diets (from D1 to D7) were supplemented
with Bacillus subtilis and Chlorella vulgaris. The
biotechnology Microalgae Culture Unit of the National
Research Center (NRC), Giza, Egypt. The algae's
proximate analysis consisted of crude protein (45%),
total lipids (20%), carbohydrates (20%), crude fibers
(5%), and ash 10%. The amounts of Cv examined in
this study were shown to be within the sufficient range
(3 or 6 g kg diet). A widely accessible commercial
product was employed in this investigation. The
probiotic 2.5x10'* CFU/g of B. subtilis. In Cairo,
Egypt, the National Organization for Drug Control and
Research provided the powdered B. subtilis strain. As
described (Shelby, et al., 2006). The examined doses
of B. subtilis were 2 and 3 g per kg diet, as advised by
the manufacturer's instructions. Each prepared diet
was made by carefully combining all the ingredients.
Each kilogram of diet was then combined with 200
milliliters of water, and the resulting concoction of
ingredients, feed additive, and water was homogenized
to produce a suitable blend of each diet. Every meal
was pelleted using a lab pellet machine with a 1 mm
diameter die. After that, the wet pellets were left to
completely dry at room temperature. The dehydrated
pellets were kept in dark plastic containers and chilled
at -4°C before being utilized. The proximate analysis
of the meals that are being looked at is shown in Table
1. In addition, the chemical content of the produced
food samples was evaluated using the AOAC (2000)
techniques.
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Water quality:

very day at 10:00 a.m., the temperature of the
water was measured using a mercury thermometer. At
eight in the morning, an oxygen meter (YSI model 56;
YSI Company, Yellow Springs Instrument, Yellow
Springs, Ohio, USA) was used to measure the quantity
of dissolved oxygen (DO). A DREL, 2000
spectrophotometer (Hash Company, Loveland, CO,
USA) was used to detect total ammonia and nitrite
twice a week. In the morning, a pH meter (Orion pH
meter, Abilene, Texas, USA) was used to estimate the
pH values. For each of the several treatments over the
98-day experimental phase of the study, the water's
parameters comprised a temperature of 27.35 +
0.08°C, apH of 7.4 £ 0.4, 5.6 £ 0.6 mg/L of dissolved
oxygen (DO), less than 0.3 mg/L of total ammonia as
nitrogen and nitrite from 0.028 to 0.032 mg/L.For the
purpose of raising Nile tilapia, O. niloticus fingerlings,
all water quality parameters that were examined
(temperature, pH, DO, total ammonia and nitrite) were
appropriate and within permissible limits (Boyd,
1990). The robust growth performance is associated
with the favorable findings of the water quality criteria,
since there was no mortality seen in any of the
treatments.

Growth parameters and efficiency of feed:

Every 14 days, measurements of each fish's
live body weight (BW/g) and body length (BL/cm)
were made in each pond for the duration of the
experiment, which lasted 14 weeks. The growth
performance parameters were measured using the
following formulas:

Condition factor (K). The following formula
was used to get the condition factor: -

K = (W/L3) x 100

Where: W = weight of fish in grams and L = total
length of fish in “cm”

Weight gain (WG) = final weight (g) — initial weight
(9)

Specific growth rate (SGR):

In order to determine the proximate analysis of the
complete fish body, nine fish from each treatment
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group were preserved at -20°C in plastic bags. The
association of Official Analytical Chemists (AOAC,
2000) standard operating methods were used to
determine the fish body's crude protein, lipid, and ash
contents. Crude fiber was estimated according to
Goering and Van Soest (1970). Gross energy was
calculated according to NRC (1993) as 5.65, 9.45, and
4.11 kcal/lg for protein, lipid, and carbohydrates,
respectively. To get a consistent weight, the samples
were dried in a drying oven (GCA, model 18 EM,
Precision Scientific group, Chicago, IL, USA) set to 85
°C for 24 hours. This made it possible to calculate the
moisture content.

Blood sampling protocol:

As described Cicia et al. (2012) Fish were
sedated with 100 ug mL—1 MS222 (Tricaine methane-
sulfonate, Sigma-Aldrich Co. LLC) prior to blood
collection. Two fish each tank (Six fish for each
treatment) had their blood samples randomly drawn.
Blood samples were drawn from the caudal vein and
split into equal parts using sterile 2.5 mL syringes. The
first part was stored in a heparinized tube for use in
hematological tests, and the second part was
refrigerated at 4 °C for three hours after coagulating
for thirty minutes at ambient temperature. The clotted
samples were then centrifuged for 10 minutes at 4 °C
and 3000 rpm in order to obtain serum. After that, the
serum was kept at -20 °C until more biochemical,
antioxidant, and immunological studies could be
conducted.

Blood Hematological assessments:

The Stoskopf (1993) technique was followed
in order to quantify the erythrocyte and leukocyte
counts using a hemocytometer and Natt-Herrik
solution. Nonetheless, the hemoglobin level was
determined using the cyanmethemoglobin approach,
which was endorsed by Balasubramaniam and
Malathi (1992). Furthermore, the micro hematocrit
method was used to determine the PCV% and calculate
the MCV, MCH, and MCHC (Dacie and Lewis,
1991).
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Table 1. Formulation and chemical composition of the basal diet (% dry matter).

Ingredients (control) D1 D2 D3 D4 D5 D6 D7
Fish meal 70 70 70 70 70 70 70
Soybean meal 430 430 430 430 430 430 430
Yellow corn 120 120 120 120 120 120 120
Rice bran 150 150 150 150 150 150 150
Wheat bran 215 213 212 212 209 210 207
Vegetable Oil 5 5 5 5 5 5 5
Vitamin C 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sodium chloride 3 3 3 3 3 3 3
Di calcium 4.5 4.5 4.5 45 45 45 4.5
premix 2 2 2 2 2 2 2
Bacillus subtilis 0 2 3 0 0 2 2
Chlorella vulgaris 0 0 0 3 6 3 6
Sum 1000 1000 1000 1000 1000 1000 1000
Dry matter 90.39 89.93 89.81 90.39 90.40 89.73 89.91
Crud protein 31.68 31.14 31.02 32.63 32.67 31.90 32.39
Ether extract 4.56 4.54 4.66 4.33 4.09 491 4.86
Ash 14.49 13.48 13.46 13.56 14.14 15.70 15.06
Fiber 9.25 9.27 8.57 8.80 9.45 8.61 9.13
NFE 41.02 41.58 41.29 39.69 38.66 40.90 39.59
Gross energy, 390.68 389.74 389.00 388.40 382.13 394.73 391.65

(kcal/Kg)

1Composition of mineral premix kg-1: manganese,53 g; zinc,40 g; iron, 20 g; copper, 2.7 g; iodine, 0.34 g; selenium, 70 mg; cobalt, 70 mg and calcium carbonate as carrier up to 1 kg. 2Composition
of vitamin premix kg-1: vitamin A,8000000 IU; vitamin D3, 2000000 1U; vitamin E, 7000 mg; vitamin K3,1500 mg; vitamin B1, 700 mg; vitamin B2, 3500 mg; vitamin B6, 1000 mg; vitamin B12,

7 mg; biotin, 50 mg; folic acid, 700 mg; nicotinic, 20000 mg; pantothenic acid,7000 mg. 3NFE = 100 — (crude protein + crude lipids+ ash + crude fiber).

In order to calculate the differential
leukocytic count, blood smear slides were prepared,
allowed to air dry, fixed with methanol for three to five
minutes, stained with gimsa stain for eight to ten
minutes, rinsed with distilled water, and then allowed
to dry at room temperature in accordance with the
Blaxhall and Daisley (1973) procedure.

Blood biochemical analysis:

The Wilkinson et al. (1972) technique was
followed in measuring the liver function enzymes
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(AST: aspartate transaminase; ALT: alanine
transaminase) using commercial kits (Assay Kit,
Biodiagnostic Co., Dokki, Giza, Egypt). In addition,
urea and creatinine were tested using commercial Kits.
The analytical procedures were used on three copies of
each treatment.

Digestive enzymes activity:

A wavelength of 580 nm was used for the
colorimetric measurement of lipase (REF:281 001
Spectrum. Egyptian business for Biotechnology.
Egypt) (Moss and Henderson, 1999). The amylase
(CAT. NO. AY 10 50 Biodiagnostic co. Egypt) was
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measured by colorimetric analysis at 660 nm wave
length (Caraway and Ame, 1959)

Serum immunity parameters:

The levels of immunoglobulin M (IgM),
immunoglobulin A (IgA), and immunoglobulin G
(IgG) were measured using commercial kits and AGF
Bioscence ELISA Kits. This test uses the competitive
inhibition enzyme immunoassay technique. The
microtiter plate that comes with this kit has already
been precoated with goat anti-rabbit antibody an
antibody specific for IgM, standards or samples are
added to the relevant microtiter plate wells together
with Horseradish Peroxidase (HRP) conjugated IgM.
Competitive inhibition occurs when the antibody is
applied to both HRP-labeled and unlabeled IgM. Each
well's color changes in response to the addition of a
substrate solution, which contrasts with the IgM
concentration. The color is stopped from developing
further and its intensity is measured.

Statistical analysis:

Data analysis was performed using one-way
ANOVA for all calculated and estimated data, and
Duncan's new multiple range test (DMRT) was used
to confirm any differences between means at a
significance level of P < 0.05. The findings are
displayed as mean + standard error, and values, all
statistical analyses were performed by (SAS, 2012).

RESULTS AND DISCUSSION
Body weight and length:

As stated in Table 2, Fish that were given
various treatments had initial body weights ranging
from 3.23 to 3.58 g across all treatments. The random
distribution of fish around the various experimental
treatments is indicated by the negligible differences in
beginning body weight among the treatments.

The T6 and T7 treatments released the largest
body weights (40.06+£0.34 and 40.64+0.41 g,
respectively) at the end of this trial, while the T1
(control diet) treatment released the lowest BW
(31.01£0.37 g) (Table, 2)

The initial body length varied between 6.04 and
6.38 cm, as this table illustrates, and there were
negligible variations between the treatments. By the
end of this trial, the treatments T6 and T7 had the
highest recorded values of BL (14.17+0.12 and
14.19+0.16 cm), respectively, while the control diet
treatment T1 had the lowest BL (12.02+0.12 cm), and
there was no significant difference among treatments.

The results of this study (Table, 2) showed that,
O. niloticus final BW and BL were greatly improved
when each of the Bs or/and Cv was added to the
baseline diet.

The use of probiotics like Bacillus or
Chlorella in tilapia has been the subject of humerous
research, but this one is the first to discuss the
significance of employing both Bs and CV together on
tilapia growth and performance rates. The findings
showed that adding both Bs and Cv to tilapia diets had
a significant effect on the final body weight indices.
The combination of Bs and/or Cv in the diet is linked
to accelerating the growth rate of aquatic organisms.

Table 2. Effect of adding B. subtilis and/or C. vulgaris levels in fish diet on body weight (g) and length (cm) of

0. niloticus fingerlings.

Items Intial weight ::r:g?r: Final weight  Final length

Control (T1) 3.3540.27 6.38+0.20 31.01+0.37¢ 12.02+0.12°

B. subtilis 2 g /Kg (T2) 3.55+0.17 6.25+0.18 35.13+0.48° 12.86+0.11°

B. subtilis 3 g/Kg (T3) 3.23+0.20 6.08+0.16 36.99+0.40° 12.87+0.12°

C. vulgaris 3gm/Kg (T4) 3.49+0.20 6.10+0.18 32.64+0.63¢ 12.95+0.22°

C. vulgaris 6gm/Kg (T5) 3.58+0.19 6.16+0.17 37.53+0.45" 13.11£0.10%

B. subtilis 2 g /Kg ; él vulgaris 3gm/Kg 3.32+0.20 6.21+0.17 40.06+0.34° 14.17+0.12¢

B. subtilis 2 g /K9(+ C) vulgaris 6gm/Kg 3.46+0.17 6.04+0.16 40.64+0.412 14.19+0.16
I(’Tzfz)ilue 0.8777 0.8391 <0.001 <0.001

+ Means followed by the same letter in each column are not significantly different.

145



DJAS., Vol. (3) (11) (141-156 ) (2024)

Bacillus's function in boosting the
diversity of beneficial bacteria in the fish GIT
accounts for the crosstalk between algae and
Bacillus in the current study's improvement of
tilapia development performance (Dawood et al.,
2020b; Elsabagh et al.,2018). Table 3 results
demonstrated that, for fish fed the various
experimental diets, the average bod y weight gain
over the course of the trial (14 weeks) was 27.65,
31.58, 33.76, 29.16, 33.95, 36.75, and 37.18g,
respectively. The WG data showed that, out of all
the experimental groups, T7 had the greatest WG
value (37.18 g), while the fish group in the control
diet (T1) had the lowest WG value (27.65 g).

When compared to the control diet, which
was not supplemented with any of the various feed
additives utilized in the current investigation, the
differences between these means were substantial,
demonstrating that all feed additives employed in

the experiment considerably improved the live body
weight gain of Nile tilapia.

As can be seen in Table 3, the ADG results
showed that, of all the experimental groups, T7 had
the highest ADG value (0.38 g), while the fish group
in the control diet (T1) had the lowest ADG (0.28
g). Additionally, the ADG values for the various
experimental diets were significantly higher than
those for the control diet Due to their propensity to
make food more palatable, Bs/Cv may also play a
part in improving feed intake and utilization.
Parallel to this work, feeding Nile tilapia with
Bacillus sp. improved feed efficiency and growth
performance (Elsabagh et al., 2018; Han et al.,
2015); Mahmoud et al. (2018) also observed that
feeding spirulina significantly affected the growth
rates, the fish fed spirulina supplementation had the
highest growth compared to the control.

Table 3. Effect of B. subtilis and/or C. vulgaris levels on weight gain (WG), average daily gain (ADG), specific
growth rate (SGR) and relative growth rate (RGR) of O. niloticus fingerlings.

Items WG ADG SGR % RGR
Control (T1) 27.65+0.52¢ 0.28+0.01¢ 2.25+0.04° 8.24+0.52b¢
B. subtilis 2 g /Kg (T2) 31.58+0.52¢ 0.32+0.01°¢ 2.38+0.05% 9.33+0.53"
B. subtilis 3 g/Kg (T3) 33.76+0.38° 0.34+0.003 2.43£0.05% 11.34+0.80°
C. vulgaris 3gm/Kg (T4) 29.16+0.70¢ 0.30+0.01¢ 2.41+0.06% 8.98+0.61°
C. vulgaris 6gm/Kg (T5) 33.95+0.47° 0.35+0.004° 2.43+0.05% 10.18+0.71%
B. subtilis 2 g /Kg + C. vulgaris 3gm/Kg (T6) 36.75+0.482 0.37+0.004* 2.55+0.032 11.72+0.93°
B. subtilis 2 g /Kg + C. vulgaris 6gm/Kg (T7) 37.18+0.472 0.384+0.004* 2.544+0.04* 11.45+0.74°
P-Value <0.001 <0.001 <0.001 <0.001

+ Means followed by the same letter in each column are not significantly different.

According to Osei (2022), giving Clarias
gariepinus diets treated with Bacillus resulted to a
considerable rise in both final weight and weight
gain. It has been demonstrated that Bacillus sp.
gives the host organism essential nutrients including
amino acids and vitamins K and B>, which can
enhance growth performance (Liu et al., 2012). At
the conclusion of the two-month experiment, the
probiotic groups showed the greatest increases in
final weight and weight gain of Clarias garriepinus,
with the rate of 10g/kg Bs group exhibiting the
highest results. It follows that in order to have the
optimum results, it is preferable to maintain a lower
dose.

Table 3 displayed the SGR results as
influenced by Bs and/or Cv. This table, which
displays the average SGR values over the course of
the experiment (14 weeks), reveals that, in
comparison to fish fed the basal diet (T'1 2.25%), the
SGR of the Nile tilapia fish groups fed diets
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supplemented with Bs and/or Cv (T2, T3, T4, TS,
T6, and T7) released significant (P<0.01) values of
SGR were 2.38, 2.43, 2.41, 2.43, 2.55 and 2.54%,
respectively.

Table 3 shows that the average RGR values
for T1, T2, T3, T4, TS, T6, and T7 were 8.24, 9.33,
11.34, 8.98, 10.18, 11.72, and 11.45, respectively
for Bs and/or Cv, as indicated. The fish groups fed
the diets supplemented with Bs and/or Cv released
the significant (P<0.05) wvalues of RGR in
comparison to fish fed the basal diet (T1).

In comparison to the control group, the
growth rate and weight gain of O. niloticus rose as
the amount of C. vulgaris in fish feeds increased,
according to a study by Saleh er al. (2022).
Regarding Khani et al. (2017), they demonstrated
that a 5% C. vulgaris dietary supplement greatly
boosted the growth of k fish.

Furthermore, the current findings
concurred with the research conducted by Adorian
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et al. (2018), which demonstrated that Lates
calcarifer fed Bacillus spp. exhibited the best
performance in condition factor. The results
demonstrated that feeding catfish with Bacillus
subtilis at levels that maximize feed utilization and
fish development, with 10 g/kg Bs demonstrating
the greatest benefit.

Table 4 displays the feed consumption
results as impacted by adding Bs and/or Cv to
tilapia diets. This table describes the feed intake
during the entire experimental period (14 weeks).
Table 4 results show that when Bs and/or Cv were
added to the basal diet. fish in TS5 was recorded the
highest value (48.88 g) while fish in T1(control)
was recoded the lowest value (43.48 g) of FL.

The differences in FI between the different
treatments (T2, T3, T4, TS, T6, and T7) were not
statistically significant, but the differences between
each of these treatments and the control group (T1)
were significant (P<0.05).

Table 4. Effect of B. subtilis and/or C. vulgaris
levels on feed intake (F1), feed conversion ratio

Items FI FCR PER
Control (T1) 43.48£076° 1.582003% 2.120.049
ET'ZS)“b““S 20/K9 457740847  1.36£0.02° 2.46+0.03°
%ss)ub““s 30/KO  46314008°  1.290+0.01¢  2.60+0.03°
C. vulgaris a a d
Sl (1) 474141128  153+0.03% 2.19+0.04
C. vulgaris a b c
Samics (1) 48.88+1.06° 1.45+0.03° 2.32+0.04
B. subtilis 2 g /Kg

+ C. vulgaris 47.794096°  1.3120.02¢  2.54+0.04%
3gm/Kg (T6)

B. subtilis 2 g /Kg

+ C. vulgaris 48.44+105°  1.3120.02 2.56+0.03%
6gm/Kg (T7)

P-Value 0.0029 <0.001 <0.001

By assessing the effect of probiotic and
microalgae on the intestinal morphometry indices,
the increased feed efficiency can be explained
(Bhowmik et al., 2009). The acquired results
showed that the number of goblet cells and the
length and width of the intestinal villi were both
positively impacted by feeding fish both Bacillus
and Spirulina. These findings support the
hypothesis that probiotic bacillus and spirulina may
have a role in improving intestinal barrier
absorption ability, enabling the digestion of
sufficient amounts of nutrients needed for fish body
metabolic and biological processes (Rombout et
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al., 2011). Additionally, the function of goblet cells
in defending the intestinal walls against harmful
microbes by secreting glycoproteins and
antibacterial compounds is linked to their increasing
quantity (Knoop and Newberry, 2018).

According to Dey (2023), there were
notable alterations in growth rates and voluntary
feed intake as a consequence of the algal inclusion
diet. In contrast to the other groups, the control (0%)
feed fed groups displayed a notable decline in
growth performance. There were significant
differences in the average daily gain (mg), growth
rate, and SGR values across the feeding groups.
Zebrafish (Danio rerio) fed diets including algae
showed measurable weight gain, according to
Darwish et al. (2020). The outcome differs slightly
from that of Allam (2007), who demonstrated that
a higher percentage of Chlamydomonas sp.
inclusion (>10%) typically leads to reduced weight
increase and SGR. However, other researchers
found that, depending on the species and their feed
consumption efficacy, partial substitution of dietary
components up to 10 to 15% of the total feed
content maximizes the growth rate in the case of
algal feed formulation (Valente et al., 2019).

The averages of the protein efficiency ratio
(PER) and feed conversion ratio (FCR) were
displayed in (Table, 4) results. FCR for fish fed on
various experimental diets supplemented with Bs
and/or Cv. As can be seen in this table, the control
group's FCR values during the entire trial period (14
weeks) were the highest (worst) when compared to
the other diets supplemented with various strains of
Bs and/or Cv. Significant variations in FCR were
observed by analysis of variance as a result of
treatment effects when compared to control.

The results presented in Table 4
demonstrated that all feed additives significantly
improved PER in comparison to the fish in the
control group. The results of the analysis of variance
(Table 5) demonstrated that the addition of Bs
and/or Cv to the basal diets throughout the entire
experimental period had a significant impact on the
PER values. These values were also significantly
better than those of the control diets, demonstrating
the superiority of adding the tested Bs and/or Cv to
the basal diet. The findings showed that there were
notable differences
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between the control group and the various
treatments. The PER data show that tilapia fish's
protein consumption was greatly enhanced by Bs
and/or Cv. The most costly feed ingredient, protein,
is used for growth, and this helps to optimize its use.
By improving the palatability of the diet,
Chlorella/bacillus may also play a part in raising the
feed conversion ratio and the protein efficiency
ratio. Additionally, feeding Nile tilapia Bacillus sp.
improved growth performance and feed utilization
(Elsabagh et al., 2018; Han et al., 2015), whereas,
Mahmoud ef al. (2018) observed that feeding
spirulina also affected growth rates and feed

efficiency. the fish fed spirulina supplementation
had the highest growth compared to the control.

Results shown in Table 5 demonstrate that
adding Bs and/or Cv to the basal diet had a
substantial impact on hematocrit (Het). Similarly,
the levels of hemoglobin (Hb), mean corpuscular
volume (MCV), and red blood cells (RBCs) showed
significant fluctuation (P<0.05) but no discernible
pattern. Fish fed the T6 and T7 diets (Bs 2 g /Kg +
Cv 3gm/Kg and Bs 2 g /Kg + Cv 6gm/Kg) shown
the greatest RBC, Hct, and Hb levels, while fish fed
the diet T3 (BS 3gm/Kg) displayed the highest
MCYV levels.

Table 5. Effect of B. subtilis and/or C. vulgaris levels on some of blood hematological measurements of O.

niloticus fingerlings.

Items Hct Hb RBCs MCV

Control (T1) 22.90+0.70° 9.85+0.25¢ 1.60+0.10¢ 143.5+3.5%

B. subtilis 2 g /Kg (T2) 22.15+0.15° 10.9+0.10° 1.75+0.05% 130.0+6

B. subtilis 3 g/Kg (T3) 26.30+1.302 11.70£0.20° 1.75+0.05% 149.50+9.502

C. vulgaris 3gm/Kg (T4) 23.20+0.60° 9.95+0.15¢ 1.75+0.05% 144.5+4 50%

C. vulgaris 6gm/Kg (T5) 26.5+0.62 11.35+0.15° 2.0£0% 142.5+].5%¢

B. subtilis 2 g /Kg + C. vulgaris 3gm/Kg (T6) 28.55+0.852 13.140.6° 2.15+0.152 131.5+4.50%¢

B. subtilis 2 g /Kg + C. vulgaris 6gm/Kg (T7) 27.65+0.452 13.6+0.12 2.05+0.05? 124.50+0.5°
P-Value 0.0024 0.0002 0.0122 0.0012

+ Means followed by the same letter in each column are not significantly different.

The blood components can be used to assess
an animal's nutritional and pathological state based
on the type, quantity, and toxicity of the food it
consumes. The increased and decreased
hematological and biochemical variables, when
compared to the regular values, typically indicate
the effect of feed additives on fish health (Burgos
Aceves et al., 2019; Dawood et al., 2019b).
According to Fazio (2019), the results showed that
fish fed either bacillus algae or both bacillus and
algae presented regular biochemical values that fell
within the usual range for healthy fish.

According to Dahiya et al. (2012), a rise in
hematological parameters after Bacillus subtilis
supplementation is a sign of healthy fish. According
to Farrell (2011), the main function of red blood
cells is oxygen delivery. According to the study's
findings, fish fed supplements with either bacillus
or chlorella had considerably greater red blood cells
(RBCs) than fish fed a control diet. These findings
are consistent with those of earlier studies (Azarin
et al., 2014; Faramazi et al., 2011; Sharma and
Sihag, 2013). This implies that fish fed diets treated
with Bacillus have the ability to live well and thrive
in challenging environments with low oxygen
levels.
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Fish in T1 (control) had the highest
(P<0.05) ALT value (148.50 IU/L), according to
data in Table (6), whereas fish from T7 (Bs 2 g/Kg
+ Cv 6 gm/Kg) had the lowest (P<0.05) ALT values,
76.0 TU/L. Fish from T1 (control) had the highest
(P<0.05) AST value (70.0 IU/L), as this table
demonstrates, whereas fish from T7 (Bs 2 g/Kg +
Cv 6 gm/Kg) had the lowest (P<0.05) AST values,
42.0 IU/L. The effect of Bs and/or Cv on the serum
creatinine and urea levels of Nile tilapia is shown in
(Table, 6). As markers of renal function, urea and
creatinine are thought to be crucial factors in
determining the point at which the kidney is
negatively impacted. Fish from T1 (control) had the
highest urea value (8.85 mg/100 ml; P<0.05), while
fish from T3 (Bs 3 g/Kg) had the lowest (6.3 mg/100
ml; P<0.05). The findings presented in Table (6)
demonstrated a significant (P<0.05) drop in urea
values as Bs and/or Cv levels increased. Data in
Table (6) showed that fish of T2 (Bs 2 g /Kg)
recorded the highest (P<0.05) creatinine value (1.60
mg/100 ml), while those of TS5 (Cv 6gm/Kg)
showed the lowest (P<0.05) creatinine values, was
0.95 mg /100ml.

AST and ALT are enzymes involved in

several biochemical metabolic activities that
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interconvert amino acids to other metabolic
intermediates, and an increase in their levels can
indicate tissue damage, such as in chronic liver

disease (Abdollahi-Arpanahi et al.,
Babazadeh et al., 2011).

2018;

Table 6. Effect of Bacillus subtilis and/or Chlorella vulgaris levels on liver functions of O. niloticus fingerlings.

Creatinine

Items ALT IU/L AST IU/L Urea (mg/100ml) (mg/100mi)

Control (T1) 148.50+3.50* 70.00£22 8.85+0.65* 1.55+0.052

B. subtilis 2 g /Kg (T2) 120.501.50¢ 61.00+2° 7.75+0.15% 1.60+0.102

B. subtilis 3 g/Kg (T3) 83.50+4.50¢ 50.00+1.02¢ 6.30+0.20° 1.25+0.05%

C. vulgaris 3gm/Kg (T4) 130.00£2.50° 58.50+3.5% 7.65+0.05%¢ 1.45£0.05%

C. vulgaris 6gm/Kg (T5) 93.50+1.5¢ 50.00£1¢ 6.85+0.65% 0.95+0.15¢

B. subtilis 2 g /Kg + C. 80.00+1.01°¢ 52.00+£3.0° 6.53+0.20% 1.20+.012b
vulgaris 3gm/Kg (T6)

B. subtilis 2 g /Kg + C. 76.00+1.06° 42.00+3.07¢ 6.55+0.35b 1.03+0.11¢
vulgaris 6gm/Kg (T7)

P-Value 0.0001 0.0012 0.0206 0.0048

+ Means followed by the same letter in each column are not significantly different.

Nile tilapia fed Bs and/or Cv supplemented
feed displayed a decrease in AST and ALT when
compared to the control fish. This is thought to be
related to their initial resistance to the bacillus and/or
chlorella in the feed. Nevertheless, foods treated with
Bacillus had lower levels of AST and ALT than control
meals, suggesting that diets supplemented with Bs
and/or Cv may assist enhance the health of the fish's
liver, which may be related to their capacity to protect
rather than damage the fish's liver. Measuring these
enzymes is one of the most widely used methods to
assess liver function (Abdollahi-Arpanahi et al.,
2018). There have been recent rumors that the cause of
gall syndrome and liver enlargement in many farmed
fish could be the buildup of contaminants (Chai ez al.,
2016). As in the case of chronic liver disease, an
increase in the levels of the enzymes aspartate
transaminase (AST) and alanine transaminase (ALT),
which interconvert amino acids with other metabolic
intermediates and are involved in a variety of
biochemical events in metabolism, can be an
indication of tissue damage. Liu et al. (2014) state that
because AST and ALT are cytoplasmic in origin and
discharged into circulation (blood) upon -cellular
injury, they are sensitive biomarkers employed in the
diagnosis of liver disease. .

Amylase and lipase, two digestive enzymes,
were listed in (Table, 7) results. The table's results
reveal that adding Bs and/or Cv to the basic diet had a
substantial impact on amylase levels, and the variation
in lipase was significant (P<0.05). The greatest levels
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of lipase and amylase were seen in fish fed the T7 diets
(Bs 2 g/kg and Cv 6 gm/kg), at 50.05 and 41.30,
respectively. Fish fed the food T2 (Bs 2 g/Kg)
exhibited the lowest levels of lipase (19.35) and the
lowest amylase level (16.45) was found in fish fed T1
diet (control). Probiotics are a class of bacteria
that enhance the intestinal diversity, capacity for
absorption and digestion, and local intestinal
immunity within the fish's digestive system (Pérez-
Sanchez et al., 2014).

One of the most significant probiotic species
employed in many fish species is Bacillus bacteria,
whose spores are simple to add to aquafeed and have
a reasonably long shelf life (Ringo et al., 2018;
Yilmaz et al., 2020). Another type of food additive is
medicinal plants and their extracts, which can enhance
the growth and health status of aquatic animals
(Dawood et al., 2018; Van Hai, 2015a).

In Nile tilapia (O. niloticus), the beneficial
effects of Bacillus spp. are associated with the
enhancement of the gastrointestinal tract digestion
capacity, local intestinal immunity, and humoral and
adaptive immune responses, as well as increased
resistance against outbreaks and environmental
stressors (Chantharasophon et al., 2011; Han et al.,
2015; Telli et al., 2014).

Table 7. Effect of B. subtilis and/or C. vulgaris levels
on digestive enzymes and immunological variables
of O. niloticus fingerlings
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Table 8 displays the outcomes of the
immunological variables immunoglobulin A (IgA),

Items s %r?g)lase Lipase (U/L)
Control (T1) 16.45£1.65¢  20.20+1.9¢
B. subtilis 2 g /Kg (T2) 55 4.3 5¢ 19.35+1.55¢
B. subtilis 3 g/Kg (T3) 3713511450  31.40+2.59
C. vulgaris

+ ¢ + €
T4) 24.05+1.15 24.45+1.75
C. vulgaris b

+ + ¢
s) 32.65+0.75 37.50+1.6
B. subtilis 2 g /Kg + C. ab b

-+ +
pulgards SemiKe (Tg) | 3620403 43.85+1.05
B. subtilis 2 g IKg + C. 4y 30,150 500541250

vulgaris 6gm/Kg (T7)

+ Means followed by the same letter in each column are not
significantly different.

The quantity of total proteins, enzymes,
antibodies, and immune reactions in the blood is
shown by the detection of immunoglobulin (IgA, IgM
and IgG) (Magnadéttir, 2006). Interestingly, the
current study found that tilapia fed Bs and/or Cv had
increased levels of IgA, IgM, and IgG. This finding
can be explained by the effect of Bacillus and
Chlorella on boosting the immune response of Nile
tilapia. Nile tilapia have been shown to exhibit
elevated IgG levels in response to Bacillus or S.
platensis (Han et al., 2015; Mahmoud et al., 2018).
The tilapia body's improved immunity, most likely as
a result of boosting the local intestine immunity, is
directly responsible for the higher IgA, IgM, and IgG
levels (Kiron, 2012).

According to a study by Guo et al. (2009),
the frequency of probiotic administration significantly
affects their efficacy. During the culture period, a daily
probiotic addition is better than an application every
other day. Like other immunostimulant medicines,
short-term cyclic probiotic feeding approaches may
benefit the hosts (Bricknell and Dalmo, 2005).
Examples of such treatments include -cyclically
switching between probiotic-supplemented and un
supplemented meals for shorter intervals of time.
Short-term use of this application may result in direct
benefits during the supplemental feeding phase.
Probiotics provide defense against acute infections
throughout the stage without supplementation, and
they might also generate some level of
immunostimulation if stomach probiotic populations

immunoglobulin M (IgM), and immunoglobulin G
(IgG) in relation to Bs and/or Cv. The table's findings
demonstrated that, in comparison to fish given the
basal diet (T1), the Nile tilapia fish groups (T2, T3, T4,

T5,T6, and T7) fed diets supplemented with Bs and/or
Cv emitted the significant (P<0.01) values of
Immunological Variables.

The fish fed on T6 diets (Bs 2 g/kg + Cv 3
g/kg) recorded the highest levels of IgA, IgM, and IgG
variables, measuring 93.20, 65.03, and 48.11,
respectively, according to table 8. While these
variables were lowest in fish fed diet T1 (control)
(36.40, 47.60, and 30.80, respectively) for IgA, IgM
and IgG.

were stable for a few weeks (Balcazar and Rojas-
Luna, 2007).

Table 8. Effect of Bacillus subtilis and/or Chlorella
vulgaris levels on immunological variables of O.
niloticus fingerlings.

Items IgA IgM IgG
Control (T1) 36.40+0.5¢ 47.60+2.30¢ 30.80+1.14
Bacillus subtilis 2 g

+1.55¢ +1¢ +1.5¢
/Kg (T2) 40.45+1.55 57.7+1 35.1£1.5
Bacillus subtilis 3 b c b
o/Kg (T3) 69.10+£2.2 60.30+0.8 42.60+1.4
Chlorella vulgaris d

+0.7¢ + +1.35¢
3gm/Kg (T4) 43.70+0.7 52.15+0.45 36.55£1.35
Chlorella vulgaris b b ab

+ + +
6gm/Kg (T5) 73.05+4.05 61.15+£0.25 44.85+0.05
Bacillus subtilis 2 g
/Kg + Chlorella o3 74,510 65034018  48.1120.9°
vulgaris 3gm/Kg
(To)
Bacillus subtilis 2 g
/Kg + Chlorella
vulgaris 6gm/Kg 91.45+5.15*%  64.55+0.85%  47.95+1.65%
(T7)

<0.001 <0.001 <0.001

P-Value

150

+ Means followed by the same letter in each column
are not significantly different.

Conclusion:

Alternatives for enhancing fish development
and health have surfaced, including B. subtilis and C.
vulgaris. Commercially available Bs and CV are
growth enhancers that can improve fish hematological
parameters, according to the current study's findings.
When compared to a control diet, O.
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niloticus monosex fingerlings' growth was
improved when their food was supplemented with
Bs, Cv, or both. Furthermore, dietary supplements
for O. niloticus monosex include Bs and/or Cv,

with the highest effect on hematological
indicators, considerably improved plasma
chemistry, hematological parameters and

organism's liver health as compared to the control
diet.
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