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Abstracta: A 70 days feeding trial was conducted to investigate the effects of two dietary probiotics; Bacillus
subtilis KCTC 2217 or Bacillus licheniformis KCCM 11775 with two prebiotics; mannan oligosaccharide (MOS) or
fructooligosaccharide (FOS) on Growth performance, Feed Ultilization, economic evaluation, chemical body
composition and Digestive Enzymes Activities of Nile tilapia fingerlings. Fish averaging 10.8 + 0.50 g (mean + SD)
were randomly distributed into five treatments with triplicate tanks. A basal control diet (CON) and four synbiotic diets
supplementing B. subtilis + MOS (BSM), B. subtilis + FOS (BSF), B. Licheniformis + MOS (BLM)
and B. licheniformis + FOS (BLF). Results showed that dietary B. subtilis with FOS (BSF) and B. licheniformis with
MOS (BLM) give the best weight gain and specific growth rate than other treatments. In general, weight gain and
specific growth rate of fish fed all synbiotic diets were higher than fish fed control diet. It could be concluded that
dietary B. subtilis with FOS (BSF) and B. licheniformis with MOS (BLM) could have beneficial effects on growth
performance and feed utilization in Nile tilapia (Oreochrmis nilticus) fingerlings. These probiotics improved the fish
enzyme activities of amylase in the gastrointestinal tract than the fish fed control diet; however, the protease and lipase
activities were not affected. The present results recommend the incorporation of probiotics to Nile tilapia feed as

supplements to stimulate fish growth and digestion.
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INTRODUCTION

The Nile tilapia (Oreochromis niloticus), which is
characterized by rapid growth, high production, and good
disease resistance, has become one of the most important
freshwater aquaculture species in Egypt and the world
(Yuan et al., 2020). Tilapia production has significantly
increased over the past few years due to the adoption of
semi-intensive and  intensive aquaculture technologies
(Mugwanya et al, 2021). Probiotic use in tilapia
production is considered a viable, safe, and
environmentally friendly strategy to enhance growth
performance, feed utilization, immunity, disease
resistance, and survival against pathogens and
environmental stress. Hence, supplementation of fish diets
and rearing water with probiotics can improve fish health
(Mugwanya et al., 2021). To date, many different types of
probiotics, including lactic acid bacteria, Bacillus spp. and
yeast, have been applied in aquaculture to promote the
growth, feed utilization and gut health of tilapia (Elsabagh
et al., 2018 ). LAB, which are widely and effectively used
in human and veterinary medicine, are classified as
“generally regarded as safe” and have also been widely
used in aquaculture, as a promising strategy for the
cultivation of various species (Ringe et al., 2018). Since
LAB do not produce spores, unlike Bacillus spp., it is
simpler to lessen the microbial load if necessary.
Additionally, studies have shown the probiotic potential of
LAB, such as Lactobacillus plantarum and Lactobacillus
lactis, which are said to benefit fish survival following
exposure to Aeromonas hydrophila and Streptococcus
Agalactiae by enhancing growth and improving innate
immunity (Yu et al.,, 2017 and Xia et al., 2020). An
acceptable definition of ‘probiotic’ in aquaculture was given
by Verschuere et al., (2000), They defined probiotic as any
live microbial adjunct that has a beneficial effect on the host
by changes in the host-related or ambient microbial
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community, through an improvement in the use of feed or its
nutritional value, or by enhancing the host response to disease
or by improving the quality of its environment. Currently, the
most common probiotics used in aquaculture belong
toLactobacillus sp., Bifidobacterium sp., Vibrio sp., Saccharo
myces sp., Enterococcus sp., Bacillus subtilis and Bacillus sp.
(Kumar ef al., 2006); which are administered by enrichment
of live foods, added to the diet or to the culture water
(Panigrahi et al., 2005). In the recent years, the demand for
fish and other aquatic organisms increased for being a good
source of animal protein and having a high nutrition value.
Additionally, year by year the global and local production of
fisheries decrease, therefore aquaculture in Egypt is a main
source of fish production and represent about 80% of the
local production according to (GAFRD, 2018 and FAO,
2020). Due to the continuous increase in population growth,
the fish production must be directly proportional with this
increase, but Egyptian aquaculture sector faces many
challenges that hinder its development such shorting fresh
water, increasing the feed price. Therefore, maintaining the
quality of the cultured water for the longest possible period of
time with raising the ability of fish to resistance the toxicity of
water pollution and increasing their levels of heavy metals
with improving the efficiency of fish feeding are one of the
important solutions (Abdel-Aziz et al, 2020). Using the
micro-organisms is one of the most promising ways to
improve water quality compared to other traditional methods.
Prebiotic, probiotic, and synbiotic use in tilapia
production is considered a viable, safe, and
environmentally friendly alternative that enhances
growth performance, feed utilization, immunity, disease
resistance, and fish survival against pathogens and
environmental stress. Their inclusion in fish diets and or
rearing water improves the general wellbeing of fish.
this review use of probiotics, prebiotics, and synbiotics
and their effect on survival, growth, growth performance,
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gut morphology, microbial abundance, enzyme
production, immunity, and disease resistance in tilapia
aquaculture, while highlighting several hematological,
blood biochemical parameters, and omics techniques that
have been used to assess fish health. Furthermore, gaps
in existing knowledge are addressed and future research
studies have been recommended (El-Saadony et al.,
2021).

The aim of this study is to examine the impact of
using the different types of microorganisms and
prebiotics on parameters of water quality, growth
performance, and hematological characters of Nile
tilapia.

MATERIALS AND METHODS

This experiment was conducted in Fish Research
Lab—Faculty of Agriculture, Suez Canal University —
Ismailia-Egypt.

2.1 Experimental diets:

Dietary formulation and proximate composition of the
basal diet are shown in (Table 1). Five experimental diets
were formulated to be isonitrogenous and isoenergetic
(300 g/kg crude protein and 470 Kcal/100g). A basal diet
was used as control diet (CON.), and four other synbiotic
diets were supplemented with two probiotics
(1.0 x 10® CFU/g diet) with two prebiotics (Mannan and
fructooligosaccharide) (5 g/kg  diet); B. subtilis and
Mannan (BSM), B. subtilis and fructooligosaccharide
(BSF), B. licheniformis and Mannan (BLM)
and B. licheniformis and fructooligosaccharide (BLF).
Fish meal and wheat gluten meal were used as the major
protein sources, soybean oil and fish oil as the lipid
sources and corn starch as the carbohydrate source in the
experimental diets.

All the feed ingredients were sampled for
proximate analyses before feed formulation and the
formulated experimental diets were analyzed to
determine their nutritional composition (Table 1). All
biochemical analyses were done on dry matter basis
using standard methods of the Association of Official
Analytical ~ Chemists (AOAC, 2019). Bacillus
subtilis and B. licheniformis were previously purchase
from Commercial feed additives: Pro- Pac is a
commercial ~ probiotic = produced by  Pro-Byn
International, Inc, USA and distributed by Nutrient
animal health, Maddy, Cairo, Egypt. Which were used in
this  experiment. =~ Mannan oligosaccharide and
fructooligosaccharide were obtained from Elgamhoria
Company.

2.2 Experimental fish and feeding trial:

The feeding trial was carried out at the fish research
center—Faculty of Agriculture- Suez Canal University.
Nile tilapia (Oreochrmis nilticus) fingerlings were
obtained from the fish research center—Faculty of
Agriculture- Suez Canal University - Ismailia
Governorate. At the start of the experiment, 15 Nile
tilapia fingerlings with an initial weight averaging
10.50 £ 0.20 g (mean + SD) were randomly distributed
into each of the 15 tanks with 25 L volume (3 replicates
of 5 treatments) receiving a constant flow (1.2 L/min) of
filtered freshwater. Every tank was supplied with air
stone for continuous aeration. Fish were fed twice daily

(9:00 and 15:00 hr.) to apparent satiation for 70 days.
Dead fish were removed immediately and weighed, and
the amounts of feed for the respective tanks were
adjusted accordingly. Uneaten feeds were siphoned out
after 2 hr. of feeding.

Through the experimental period, temperature and
dissolved oxygen were measured using Hach HQ40d
meter (Hach Korea Inc.) twice daily (8:00 and 17:00 hr)
in fish tanks. Water temperature and dissolved oxygen
were measured every other day using an YSI model 58
oxygen meter (YSI Company, Yellow Springs
Instrument, and Yellow Springs, Ohio, USA). Total
ammonia and nitrite were measured twice weekly using a
DREL, 2000 spectrophotometer (Hash Company,
Loveland, CO, USA). pH was monitored twice weekly
using a pH meter (Orion pH meter, Abilene, Texas,
USA) (APHA, 2005). Water temperature ranged from
26.17+£0.8 to 27.40+0.30 °C: Dissolved oxygen, 6.23 +
0.03 to 6.62 + 0.44 mg L-1. Total ammonia 0.010 + .005
to 0.018+0.12 mg L-1 and pH 6.9 + 0.14 to 7.40 £+ 0.13.
Water quality criteria were suitable and within the
acceptable limits for Nile tilapia Oreochrmis niloticus
fingerlings (Boyd and Massaut, 1999).

2.3 Sample collection and analysis:

At the end of the feeding trial, the total number and
weight of fish in each tank were determined for
calculation of weight gain (WG), specific growth rate
(SGR), feed conversion ratio (FCR), feed efficiency
(FE), protein efficiency ratio (PER), survival rate (SR),
hematosomatic index (HSI) and visceralsomatic index
(VSI). Four fish per tank were randomly captured,
anaesthetized with ethylene glycol phenyl ether
(200 mg/L for 5-10 min), and the serum was separated
by centrifugation at 5,000 g for 10 min and stored at
—20°C for the analysis of blood biochemical parameters
including glutamic pyruvic transaminase (GOT), total
protein (TP) serum glucose (GLU),
Alanine aminotransferase =~ (ALT) and aspartate
aminotransferase (AST) enzymes. Two additional fish
from each tank were submitted to proximate composition
analysis. Proximate composition analyses of the
experimental diets and fish bodies performed by the
standard methods of AOAC (2019) Official Methods of
Analysis (16" edn.). Samples of diets and fish were dried
at 105 °C to a constant weight to determine their
moisture content.

Ash content was determined by incineration at
550°C. Protein was determined using the kjeldahl
method (N X 6.25) after acid digestion, and crude lipid
was ascertained by Soxhlet extraction using the Soxhlet
system 1046 (Tacator AB) after freeze-drying the
samples for 20 hr. and crude fiber was measured by
ankom test. Fish were weighed with a digital balance
(0.01g) (model KERN 572-33, Germany). Fish were
returned to their respective tanks after weight. At the end
of the experimental period, fish were deprived of feed for
24 hours; all the fish were harvested, counted and
weighed individually.
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Table (1): The composition and proximate analyses of Experimental diets

Ingredients CON BSM BSF BLM BLF
Fish meal 4 4 4 4 4
Gluten 20 20 20 20 20
Soybean meal 25 25 25 25 25
Wheat bran 7 7 7 7 7
Corn 34 34 34 34 34
Vit and Min. Mix! 2 2
Fish oil 3 3 3 3 3
Soybean oil 3 3 3 3 3
Bacillus subtilis and B. licheniformis ( g /kg) 0 10 10 10 10
Manan and frac ( g /kg) 0 5 5 5 5
(CMC) Carboxy Methyl ~ Cellulose 2 2 2 2 2
Total 100 100 100 100 100

Approximate chemical analysis

Dry matter (DM) % 91.27 90.92 90.82 90.68 89.76
Crude Fiber (CF) % 6.7 6.7 6.7 6.7 6.7
Crude protein (CP) % 30.09 30.05 30.03 30.01 30.3
Ether extract (EE) % 12.99 13.38 13 13.22 13.1
Ash% 8.32 6.89 7 8.18 6.43
NFE%? 41.9 42.98 43.27 41.89 43.47
GE(Kcal/100g)33 470.51 479.11 476.2 472.53 473.13
DE(Kcal/100g)3* 352.88 359.33 357.15 354.40 347.24

1. Vitamin and mineral mixture/kg premix: Vitamin D, 0.8 million IU; A, 1.33g; D3, 1.68g; E, 6.66¢g; C,

16.8g; k, 0.8g;

B1, 0.4g; Riboflavin 3.75g; B6 2.45¢g; B12, .33mg; NI, 9.42g; Pantothenic acid, 12.42g; Folic acid, 0.68g; Biotin, 16.6mg;
BHT, 0.5g; Mn, 14.7g; Zn, 31.6g; Fe, 18.3g; 1, 0.62g; Selenium, 0.22g and Co, 6.8mg.

2. Calculated by differences [Nitrogen free extract (NFE) = [100-(CP+ EE+ CF+ Ash)].
3. Gross energy value was calculated from their chemical composition, Estimated according to Jobling, (1983). As 5.64,

9.44  and 4.11 Kcal/g for protein, lipid and NFE, respectively.

4. Digestible energy, estimated according to Jobling, (1983), using digestible energy = gross energy X 0.75.

Fish performances under different treatments were
evaluated in terms of final weight (g), daily weight gain
(DWG, g day-1), weight gain, specific growth rate (SGR,
% day-1), survival (%) and feed conversion ratio (FCR).

2.4. Measured parameters
2.4.1-Growth parameters:

Fish Weight gain (WG), Weight gain % (WG %),

Specific growth rate (SGR) and Survival rate% (SR)

were calculated using the given formula below:

e  Weight gain (WG) = Final body weight (g) - Initial
body weight (g).

e  Weight gain % (WG %) = (Weight gain (g) / Initial
body weight (g)) x100.

e Specific growth rate % (SGR) = [(Ln FBW - Ln
IBW) /day of experiment)] x100.

(Where: FBW is final body weight (g); IBW is
initial body weight (g); In= natural logarithmic).

e  Survival rate % (SR) = (Final number of fish / Initial
number of fish) x100.

2.4.2. Feed utilization parameters:

Feed intake (g/fish) is the amount of feed given or
supplied during the experimental period for each fish per
gram, and used for calculating the following equation:

e Feed conversion ratio (FCR) = Feed intake
(g)/Weight gain (g)

e Feed conversion efficiency (FCE) = Weight gain
(g)/ Feed intake (g)

e Protein efficiency ratio (PER) = weight gain
(g)/protein intake (g)

e Hematosonatic index (HSI, %) = (liver weight/ body
weight) x 100.

e Visceralsomatic index (VSI, %) = (viscera weight/
body weight) x 100.

2.5. Fish body composition analysis:

At the beginning of the experiment, a pooled sample of
three fish was taken randomly from the experimental
batch of fish to serve as an initial carcass composition
sample. At the end of the experiment, a random sample
of three fish was collected from each replicate for the
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final body composition analyses. The analysis of dry
matter was done by drying pre- weighed samples in an
oven at 105°C for 16 hours to reach a constant weight.
The proximate analysis for crude protein (CP), crude
lipids (CL), moisture and ash were carried out according
to the standard methods by AOAC (2019).

2.6. Blood sample collection:

At the end of trial, three fish were sampled randomly
from each replicate (4 samples per treatment) for
immunological analysis (Fig 2). The fish were
anaesthetized using clove oil (20 mg L-1) of water.
Blood samples (1 ml from each fish) were drawn from
the caudal vein of each fish using a sterile syringe,
previously rinsed with 2.7% Ethylene- diamine —tetra-
acetic acid (EDTA) solution as an anticoagulant (Plate
4). Blood samples were collected and processed
according to standard methods described by Svobodova
et al. (1991). The blood samples were used immediately
for analysis of haemoglobin, red blood cells (RBC) and
white blood cells (WBC). Extra blood sample (2 ml from
each fish) were collected without anticoagulant and
allowed to clot for 2 hours in Eppendorf tubes and
centrifuged at 3000 rpm using an Eppendorf centrifuge
(Centrifuge 5415 R®) for 10 minutes (Plate 5). Blood
serum was collected from each centrifuged sample with a
micropipette and stored at -20°C in Eppendorf tubes for
analysis of serum Hematological parameters.

2.7. Hematological parameters:

The serum levels of TP, GLU and GOT were measured
by a chemical analyzer (Fuji DRI-CHEM 3500i, Fuji
Photo Film, Ltd.). Biochemical blood analyses consisted
of the determination of glucose (mg/dL), total proteins
(g/dL). Estimate the plasma AST and ALT activity using
a colorimetric method of (Reitmen and Frankel, 1957).

2.8. Preparation of crude enzyme extract:

After the feeding trials, the tissue homogenates were
prepared as described by Alarcom et al. (1999) with
slight modifications. In a nutshell, the fish were starved
for 12 hours before sampling, then quickly murdered by
cold shock and dissected. To get rid of feed residue, the
stomach contents were squeezed out and cleaned with
cold distilled water. Ten percent (w/v) tissues
homogenate was made using an electric homogenizer
(KEMI (P) Ltd, Ernakulam, India, and Model No. KHH
1) in ice-cold Tris-HCl 50 mM buffer pH 7.2. The
homogenate was then centrifuged for 10 minutes at 4 °C
and 10,000 g. The supernatant containing the enzymes
was stored at —20 °C, and this is used for all the analysis.
The tissue homogenates were purified by 10%
trichloroacetic acid (TCA) precipitation, and the
precipitate of soluble protein was dissolved in
0.1 m NaOH. The soluble protein content of enzyme
extract was measured according to Lowry ef al. (1951).
All spectrophotometric analysis was carried out using
Hitachi-2900 UV-Visible spectrophotometer, Tokyo,
Japan.

2.8.1. Estimation of amylase:

The reducing sugars liberated by the action of alpha-
amylase on starch was estimated by Somogyi—Nelson
method using  3,5-dinitrosalicylic ~ acid (DNS)
(Bernfeld 1955) using starch (1% W/V) as substrate. One

unit of activity (U) is defined as the amount of enzyme
need to produce 1 mg of maltose per min per mL of
homogenate at 37 °C. The specific activity is expressed
as U mg ! protein.

2.9. Statistical analysis:

All data were analyzed by SAS (1998). One-way
analysis of variance (ANOVA) was used to determine
whether significant variation existed between the
treatments. When overall differences were found, they
were tested by Duncan's multiple rang test as described
by Duncan (1955).

3.10. Economical evaluation:

A simple economic analysis was conducted for different
experimental treatments to estimate the cost of feed
required to produce a unit of fish biomass. The
estimation was based on local retail sale market price of
all the dietary in gradients at the time of the study. These
prices were as follows Table (2).

RESULTS

Water quality in all tanks were observed to be
normal and remained within ranges allowing for high
growth rate and production of Nile tilapia (Table 3).
Water temperature was varied from 26.50 - 27.80 °C,
pH ranged from 6.90 to 7.40, ammonia at 0.010 mg/1 to
0.018 mg/ 1 and DO range from 6.15 to 6.62 mg/l. The
exact mode of action of the probiotic has not been fully
elucidated and there is continuous argue about its effect
on the water quality Shefat, (2018). In the present study,

there is no obvious effect of the probiotics added to feeds
on water quality, this agrees with the finding of Yanbo
and Zirong (2006) and Essa et al., (2011). and (EIl-
Haroun et al., 2006), they found that, commercial
probiotics made from Bacillus licheniformis and B.
subtilis led to optimized dissolved oxygen and ammonia
levels.

Table 2. Feed raw materials price table

The components Prices/kg
Fish meal 70
Gluten 20
Soybean meal 17
Wheat bran
Corn 8
Vit and Min. Mix! 40
Fish oil 140
Soybean oil 90
Bacillus subtilis & 200
B. licheniformis (g /kg)
Manan and frac (g /kg) 200
Total 792

Growth performances:

The growth performance including IBW, FBW, SGR and
survival rate of Nile tilapia are shown in (Table 4). No
significant differences (P >0.05) were observed in IBW
among treatments. Fish fed the experimental diets T1,
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T2, T3 and T4 exhibited higher FBW and SGR
compared to the control diet. Nile tilapia fed BLM diet
had a significantly (P<0.05) highest WG, WG%, SGR
than the rest of experimental group. This results were in
agreement with (Mugwanya et al., 2021). Hassaan et al.
(2014) indicated that, O niloticus fed the diet contained
(0.48x106 CUF g! B. licheniformis and 1.0% yeast
extract) gained the highest BW, WG and SGR compared
with fish fed control and the diets supplemented with B.
licheniformis or yeast extract singly. Recently, Hassaan
et al. (2017) showed that highest values of BW, WG and
SGR of O. niloticus fed diets supplemented with the two
combinations of 5 g malic acid/kg and 1.1x105 cfu/g B.
subtilis and 10 g malic acid’kg and 1.1x105 cfu/g B.
subtilis. Biosynthesis of vitamins by probiotic bacteria
has been reviewed by (Gu and Li, 2016), showing that
different probiotic species could be involved in different
vitamin synthesis pathways. The beneficial effects of
Lactobacillus sp on growth response have been observed
in Nile tilapia by Lara-Flores ef al. (2003), sea bream,
Sparus aurata (Suzer et al., 2008) and European sea bass
Dicentrarchus labrax (Carnevali et al., 2006).

The probiotics supplementation of the
experimental diets resulted in higher growth and feed
utilization as compared with the control diet. The
increase in growth of tilapia by inclusion of B. subtilis
NIOFSDO017 may be due to that most of Bacillus spp can
produce secondary metabolites which have been used
industrially for production of antibiotics, bioinsecticides,
fine chemicals and enzymes that readily hydrolyze
carbohydrates, lipids and proteins into sugars, fatty acids,
peptides and amino acids (Olmos et al., 1998). Similar
results were found for common carp, Cyprinus carpio

(Yanbo and Zirong 2006), red drum, Sciaenops
ocellatus, (Li et al., 2005) and Japanese flounder,
Paralichthys. Olivaceus juveniles (Taoka et al., 2006).
Such beneficial effects of yeast have been observed in
Nile tilapia and other fish species (Taoka et al., 2006).
Whereas Bacillus sp. have been successfully used as a
probiotic to enhance growth of these fish. (Venkat et al.,
2004).

Feed utilization:

Results of Table (5) indicated that, the experimental diets
with combination of probiotic and prebiotic significantly
increased feed intake (FI) and improved FCR, FE and PER
which was subsequently followed by an increase in the
growth performance, and this means that the use of
probiotics can decrease the amount of feed necessary for
animal growth and therefore reduce production costs. The
highest PER was recorded for T3 (2.08), while the lowest
PER was recorded for control treatment (1.39). This results
is in agreement with Youngjin et al., (2019). Also,
incorporation of prebiotic in O. niloticus diets
significantly (P<0.05) increased feed intake and referring
to the dietary symbiotic effect results of the present study
showed that, dietary symbiotic showed the highest FI,
the best FCR, and PER compared to fish groups fed the
control diet. All the diets tested reduced the FCR to less
than 2, except the control diet and T4. The bioactive
attributes of dietary prebiotics and probiotics accelerated
a reduction in FCR, which indicates that the tested diets
were economically viable. In addition, the inclusion of
dietary prebiotics and probiotics increased the protein
efficiency ratio, which was a positive result because PER
helps to reduce the FCR (USAID 2011).

Table 3: Water quality of Nile tilapia tanks measured during the experiment period

Control (BSM)TI  (BSF)T2 (BLM)T3  (BLF)T4
Temperature. (°C) 26.80 + 0.20 27.20+0.18 27.40+0.30 26.50 +0.11 27.80 +0.24
PH 7.20 031 731+0.10 6.9+0.14 7.12+0.19 7.40+0.13
Ammonia mg/L 0.012 £0.01 0.018+0.002 0.015+0.002 0.018+0.01 0.010 +.005
Dissolved 02 (mg/1) 6.30 = 0.03 623+0.03 6.15+0.14 6.62+044 6.31+0.14

! Values (Mean + Standard Deviation) in each row with different superscripts are significamtly diffrenet (P<0.05) BSM- Bacillus. subtilis with
mannan. BSF- Bacillus. subtilis with fructooligosaccharide. BLM- Bacillus. Licheniformis with mannan =~ BLF- Bacillus. Licheniformis with

fructooligosaccharide

Table 4: Growth performance of Nile tilapia fingerlings fed on the experimental diets for 70 days

Parameters Control BSM(T1) BSF (T2) BLM (T3) BLF(T4)
Initial weight (g) IBW) 10.50+0.56 10.55+0.23 10.45+0.18 10.40+0.20 10.42+0.45
Final Weight (g) (FBW) 25.9+0.12¢ 29.05+0.14¢ 32.45+0.14° 35.90+£0.10* 25.8+0.104
Weight gain (g) (WG) 15.40+0.22¢ 18.50+0.22¢ 22.00+0.20° 25.50+0.212 15.38+0.224
Weight gain % 146.67+0.10¢ 175.35+£0.12°  210.53£0.12°  245.19+0.13% 147.60+0.14¢
Specific Growth Rate (SGR) 1.29+0.02¢ 1.45+0.02¢ 1.62+0.23° 1.76+0.10° 1.30+0.02¢
Survival Rat % 100 £ 0.00? 94.3 £ 1.56¢ 98.7 + 0.50° 100 £ 5.34* 96.7+5.77¢

Values (Mean + Standard Deviation) in eachrowwith different superscripts are significamtly diffrenet (P<0.05)
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Figure (2): Growth performance of Nile tilapia fingerlings fed on the experimental diets for 70 days

45

m CON.

m BSM(T1)
mBSF({T2)

mBLM(T3)

= BLF(T4)

[

Feed Intake {(g) FCR

FE PER

Figure (3): Feed utilization of Nile tilapia (Oreochromis niloticus) fingerlings fed on the experimental diets for 70 days

Whole -body proximate composition:

Whole body composition data are presented in (Table
6). The Moisture content showed no significant
differences (P>0.05) among fish fed the experimental
diets and it is ranged from 74.20 to 75.30%.
Significantly, the uppermost two values (61.30 and
61.60%) of crude protein were achieved for fish fed
diets T2 and T3 with no significant difference (P>0.05).
Average fat content of fish fed T1, to T3 and the control
were 23.10+0.21% to 21.22+0.41. According to Hepher
(1990), endogenous factors (size, sex and stage of life
cycle) and exogenous factors (diet composition, feeding

frequency, temperature etc.)
composition of fish.
Enzyme Activity:
The total (Uml') and specific (U mg protein') amylase
activities of Nile tilapia in the present study fed different
dietary probiotics and prebiotics were significantly
higher (P<0.05) than the control diet (Table7). The
highest total amylase activities were recorded for fish fed
either T2 or T3 respectively (42.60 and 40.80 Uml') and
the lowest significant values (P<0.05) were recorded for
the control diet. The same trend was observed for
specific amylase activities.

affect the body
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Table 5: Feed utilization of Nile tilapia (Oreochromis niloticus) fingerlings fed on the experimental diets for 70 days

CON. BSM(T1) BSF(T2) BLM(T3) BLF(T4)
Parameters
Feed Intake (g) 36.96+ 1.70° 37.00+ 1,23b 37.40+ 1.29° 40.80+ 1.80? 3537+1.214
FCR! 2.40+0.77* 2.0+ 0.34¢ 1.7+ 0.0174 1.60+ 0.06¢ 2.30+0.212
FE? 0.42+ 1.60¢ 0.50+0.01°¢ 0.59+ 0.08° 0.63+0.932 0.43+ 0.003¢
PER3 1.39+0.80° 1.67+ 0.04° 1.96+ 0.002% 2.08+0.152 1.45+ 0.044

Values (Mean + Standard Deviation) in eachrowwith different superscripts are significamtly diffrenet (P<0.05) /- feed
conversion ratio 2- Feed Efficiency Protien 3- Efficiency Ratio.

Table 6: Body composition Nile tilapia (Oreochromis niloticus) fingerlings fed the experimental diets for 70 days.

Item Diets
Initial Control T1(BSM) T2(BSF) T3(BLM) T4(BLF)
Moisture 74.18+0.23 74.30+0.23 75.30+0.207 74.30+0.21 74.30+£0.22 74.30+0.23
Crude protein ~ 59.18+0.23¢ 60.30+0.23° 60.20+0.20° 61.30+0.21* 61.60+0.22* 60.90+0.23°
Crude fate 21.50+0.23°¢ 22.10+0.23° 23.10+0.212 21.60+0.22°¢ 21.22+0.41¢ 21.60+0.21°¢
Crude ash 16.70+£0.21* 15.20+0.20° 15.30+0.23° 15.10+£0.23° 15.30+£0.22° 15.10+£0.22°

! Values (Mean + Standard Deviation) in the same row with different superscript are significantly different (P<0.05)

b shows differences between means at P<0.05)

80

m Initial

m Control
m T1{BSM)

m T2(BSF)

Moisture Crude protein

m T3(BLM)
m T4{BLF)

Crude ash

Crude fate

Figure 4: Chemical composition % of Nile tilapia (O. niloticus) fed on experimental diet on (DM basis)

Hematological parameters:

The blood content can be a good indicator of fish health
status. Changes in different blood parameters have been
reported in response to the immunostimulant compound
(Jafarzadeh et  al,2015 and  Talpur and
Ikhwanuddin, 2012). The results of the present study
showed that most hematological parameters in fish fed
with supplemented diets significantly changed in

comparison with the fish fed with the basal diet
(Table 8). The results indicated that there was a
significant difference among fish fed the experimental
diets (P >.05). These results in were agreement with
Youngjin et al., (2019). Antibiotics can be substituted
with synbiotics to increase antioxidant activity and
blood biochemical markers (El-Nobi, ef al., 2021).
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Table 7: Amylase enzyme activity of Nile tilapia (O. niloticus) fingerlings fed the experimental diets for 70 days

Treatments Protein content Enzyme activity
Mg/ml Total (unit/ml) Specific activity (mg p/protein
Control 12.40+0.60 30.209+1.31 2.40£0.13
T1 BSM 12.10£0.55 35.20°+3.90 2.80°£0.28
T2 BSF 12.01£0.55 42.60°+2.32 3.50°+0.31
T3 BLM 12.30+0.42 40.80%+2.90 3.30°+0.20
T4 BLF 12.1240.70 38.50°+3.80 3.30°+0.30

! Values (Mean + Standard Deviation) in the same with different superscript are significantly different (P<0.05)

450
400
35.0
200
25.0 m Control
=T1BSM
200 m T2 BSF
= T3 BLM
=0 T4 BLF
100 I
50 - S
00 1 [ - il |

Protein content Mg/ml Total Enzyme activity {(unit/ml) Spacific Enzyme activity
{mgp/protein)

Figure 5. Amylase enzyme activity of Nile tilapia (O. niloticus) fingerlings fed the experimental diets for 70 days

Table 8: Hematological parameters of Nile tilapia 1 fed the experimental diets for 70 days

Diets

Items Cont. BSM T1 BSF T2 BLM T3 BLF T4

Hb (g/dl) 10.51+ 130>  10.21+ 1.70* 11.43+1.13¢ 11.324+ 1.902 10.82+ 1.23¢
RBC (10° )/cmm 1.82+£0.030¢ 1.88+ 0.004° 1.91+ 0.05° 1.97 £ 1.70° 1.85+0.10°

WBC(10%) 36.83+1.70° 36.11+1.67° 37.30+ 1.80° 38.36 £ 1.09? 37.80+ 1.19°
AST U/mL! 27.00+22.3* 23.7+21.0° 2030+4.62¢ 183 +12.7¢ 25.0+£25.2°0
ALT U/mL 28.00+0.58*  24.67+1.20° 22.00£1.154 21.00+0.58° 26.00+0.58°

TP (g dL™Y)? 6.30+0.47* 5.00+0.10° 5.01+0.32° 4.40+0.32¢ 5.20+0.15°

GLU (mg dL™)? 105+9.2? 82.5+19.1° 71.0+6.214 823+ 13.5°¢ 96.0 + 15.4°

e Values are mean + SD from three replicate groups of fish where the values in each row with different superscripts are

significantly different (P < .05).

e Diets represent; CON =basal diet, BSM = B. subtilis with  MOS
BLM = B. licheniformis with MOS in CON and BLF = B. licheniformis with FOS in CON.

e ! GOT (U/L): Glutamic pyruvic transaminase.
o 2 TP (g/dl): Total protein.
¢ 3 GLU (mg/dl): Glucose.

Organosomatic indices:

in CON, BSF = B. subtilis with FOS

in CON,

Table (9) shows the organosomatic indices of Nile
tilapia fingerlings fed the experimental diets for 70
days. HSI of fish fed BSF and BLM diets was
significantly higher (P<0.05) than those of fish fed
CON diet (p <.05). However, there were no significant
differences among fish fed BSM, BSF, BLM and BLF

diets (p >0 .05). Also, there were significant differences
in VSI among fish fed the experimental diets (p > 0.05).
In agreement with Park ef al., (2019). The present study
also revealed that the inclusion of dietary.
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4.9. Economic evaluation:

Calculations of economic efficiency of the
tested diets based on the cost of feed, costs of one Kg
gain in weight and its ratio with the control group are
shown in Table (10). Feed costs and costs per kg gain
(L.E) were the highest for the T3 diet (7.46 L.E) and
gradually decreased with the type of feed additives
(probiotic and prebiotic). The lowest relative percentage
of feed cost/ kg fish being to be 83.92, 71.72, 68.35 and
96.11 for diets T1, T2, T3, T4 respectively. Moreover,
the relative percentage of feed cost/ kg gain was found

to be 99.90, 100.0, 89.0, 94.97, and 86.22, (L.E) for
diets control, T1, T2, T3 and T4 respectively. These
results indicate that dietary prebiotics and probiotics
improved growth and feed utilization parameters of Nile
tilapia fingerlings. On the other hand, the incorporation
of probiotic and prebiotic in Nile tilapia fingerlings diets
seemed to be economic. The drop in feed costs was
clearly seen for the feed cost/Kg weight gain, which fell
when probiotic Nile tilapia fingerling diet levels were
increased, in accordance with Khattab et al. (2004) and
Mohamed. (2007).

120
100
80 S—
= Cont.
mBSMT1
60 mBSF T2
mBLM T3
40 mBLFT4
) ll‘
N __-If - Hem=
RBC WBC AST GLU

Hb (g/dl)

ALT U/mL TP

Figure 6: Hematological parameters of Nile tilapia | fed the experimental diets for 70 days

Table (9): Organosomatic indices of Nile tilapia (Oreochromis niloticus) fingerlings fed the experimental diets

for 70 days.
Prameters CON T1 (BSM) T2 (BSF) T3 (BLM) T4 (BLF)
HSI! 1.07+£0.22° 1.60 +£0.48* 1.50 £ 0.39* 1.47 £0.30% 1.44+0.21%
VSI2 1.41 +£0.50° 1.93+0.602 1.95+0.862 1.86 £ 0.65° 1.84 +0.55°

Values are mean + SD from nine replicate groups of fish where the values in each row with different superscripts are significantly

different (p <.05).

1 Hematosonatic index (HSI, %) = (liver weight/ body weight) x 100.
2 Visceralsomatic index (VSI, %) = (viscera weight/ body weight) x 100.

2.5

1.5

HSI1

= CON
= BSM
= BSF
= BLM
= BLF

vsiz2

Figure 7: Organosomatic indices of Nile tilapia fingerlings fed the experimental diets for 70 days
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Table 10: Economical Evaluation of Experimental diets for fingerlings Nile Tilapia

Treatment
Parameters
Cont. T1 (BSM) T2 (BSF) T3 (BLM) T4 (BLF)
Cost /kg diet (LE)" 7.28 7.33 7.37 7.46 7.30
Consumed feed to produce 1kg fish (kg)> 2.40 2.0 1.7 1.60 23
Feed cost per kg fresh? fish (LE) 17.47 14.66 12.53 11.94 16.79
Relative % of feed cost/ kg fish* 100 83.92 71.72 68.35 96.11
Feed cost /1Kg gain (LE)’ 10.73 10.74 9.56 10.20 9.26
Relative % of feed cost of Kg gain® 99.9 100 89.0 94.97 86.22

1-  Cost per Kg diet L.E.

2-  Feed intake per fish per period/ final weight per fish Kg/Kg

3-  Steplx step2

4-  Respective figures for step 3/ highest figure in this step

5-  Feed intake per Kg gain x stepl

6- Respective figures for step 5/ highest figure in this step

Egypt Feed Ingredients Price at start of 2019.

120
100
80 n —
u Cont,
60 ~ mBSM
W BSF
40 — mBLM
N BLF
20 —
. __-]+__=.+.ﬂ+ 0 N

—T —T —

1- Cost /kg diet 2- Consumed feed 3- Feed cost per  4- Relative % of 5- Feed cost /1Kg 6- Relative % of

(LE) to produce 1kg kg fresh fish (LE) 3 feed cost/ kg fish gain(LE)

fish (kg)

feed cost of Kg
gain

Figure 8: Economical Evaluation of Experimental diets for fingerlings Nile Tilapia

CONCLUSION

In  conclusion, dietary B. subtilis with  fructo-
oligosaccharide =~ (BSF)  and B. licheniformis with
mannan oligosaccharide (BLM) could have beneficial
effects on growth performance, feed utilization and
economical study in Nile tilapia (Oreochromis
niloticus) fingerlings. These results indicate that
specific combinations of pro- and prebiotics are
important in exerting beneficial effects. Further study
on determining the optimum dose of those
combinations might help to improve Nile tilapia
(Oreochromis niloticus) culture.
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