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This study aimed at determining the influence of prebiotic, probiotic, and synbiotic supplemented diets
on Oreochromis niloticus. Fish with initial body weight (25.8 ± 1.2) g and length range from (13.5 ± 1.5) cm
were collected and randomized to four dietary treatments for 60 days. Furthermore, fish were divided
into three groups in triplicate; A0 control (-ve), A1 control (+ve) infected with V.anguillarium, and a third
non-treated group. Moreover, the third group further separated into two groups, A and B. Group (A) was
treated with prebiotic, probiotic, and symbiotic (A2, A3, and A4), while group (B) was infected with V.an-
guillarium then treated with prebiotic, probiotic and symbiotic (A5, A6, and A7). The results revealed that
all treatments supplemented with synbiotics represented highly significant increase (p � 0.05) in (SGR),
BWG percentage, relative growth rate (%), lysozyme activity, IMG, SOD, and CAT. At the same time, they
exhibited a significant decrease in MAD and FCR. Besides, fish that feed dietary supplementation with
prebiotics, probiotics, and synbiotics revealed a significant increase in RBCs, WBCs, and Hb. In contrast,
they showed a significant decrease in ALT, AST, albumin, total protein, globulin, creatinine, and urea com-
pared with control. Additionally, high survival rates were recorded in groups that received a diet supple-
mented with probiotics, followed by prebiotics and synbiotics.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Aquaculture has grown faster than capture fisheries in the past
two years and is expected to expand further over the next decade.
Fish represent over 20 % of animal protein intake in twenty African
countries (FAO, 2017). However, in some cases, decreasing in qual-
ity of water, increasing in stress, or lower food quality may lead to
presence of new pathogens and infectious diseases that caused by
bacteria, viruses, and parasites causing significant problems in the
fish farming industry (Geng et al. 2012; Abumourad et al. 2013).
Asia in 2012 recorded up to 3.3 million tonnes of the production
of tilapia in the aquaculture sector (FAO, 2014). Bacterial disease
in the aquaculture production system is caused by some causative
agents such as Enterobacteriaceae, Pseudomonadaceae, or Vibri-
onaceae, these three families have short gram-negative rods. In
contrast, long rod gram-negative bacteria, Flavobacterium psy-
chrophilum and Flavobacterium columnare of the family Flavobacte-
riaceae may cause heavy mortality in fish stock (Aly, 2009; Barbosa
et al. 2011; McBride,2014). Vibriosis disease reported in fresh and
marine water causes significant mortality (7.50 %) in fish culture.
Vibrio infections can spread rapidly in heavily stocked. Seven Vibrio
species have been associated with a disease in the fish, identified as
Vibrio anguillarum, V. ordalli, V. vulnificus, V. carchariae, V. damsel,
and V. alginolyticus (Reed & Franeis-Floyd 1996). The usual strategy
for controlling fish disease, which was used over a long time, was
the administration of antibiotics before dealing with a bacterial
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infection. However, the widespread of using antibiotics in aquacul-
ture faces severe problems due to its various harmful effects by
accumulation in tissue, development of antibiotic-resistant bacte-
ria, and immunosuppression, and therefore devastation the bacte-
rial environment and finally might cause water pollution (Alcaide
et al. 2005; Yousefian and Amiri, 2009).

Probiotics play an essential role as alternatives to chemother-
apy and treatments with antibiotics (Rekiel et al. 2007). They
administer more useful probiotics through routine water and
nutritional supplements either alone or added with other probi-
otics, prebiotics, and other immunostimulants (Hai & Fotedar
2009). Common probiotics used widely in the aquaculture system
belongs to Saccharomyces, Lactobacillus, Clostridium, Bacillus and
Shewanella (Kim et al. 2017).

The application of probiotics as an evirnomentally friendly
alternative to antibiotics is an emerging strategy for sustainable
aquaculture. (Silva et al. 2013; Tan et al. 2019 ). Bacillus. subtilis,
B. amyloliquefaciens and B. cereus were Gram-positive bacteria
and have inhibiting effect against Gram-negative bacteria, heat sta-
bility, the ability to tolerate a high proportion of bile, spore forma-
tion, acidity, also capable to produce digestive enzymes and
colonizing in gut (Hong et al. 2005; Reda et al. 2018).

Prebiotics known as un-digested food components so as to
stimulate the activity of beneficial intestinal bacteria and their
growth as probiotic bacteria in the host, therefore improving the
health of host (Guerreiro et al. 2018). The combination prebiotics
and probiotics in a synergistic form to enhance probiotics’ benefi-
cial effects can be defined as synbiotics (Cerezuela et al. 2011).
Synbiotics promise improvement various health benefits such as
resistance to bacterial infection in the gut, antibacterial effect,
and immune-modulatory activities (Kamoura et al., 2020).
1.1. Objective of the research

i) The aim of the present study is to investigate the effects of
supplementation of a probiotic (Bacillus amyloliquefaciens
SW19), the prebiotic and their synbiotic interaction on
growth performance, hematological, biochemical blood
parameters and histopathological changes of the Nile tilapia
(Oreochromis niloticus).

ii) The study evaluates that prebiotic, probiotic, and synbiotic
bacteria can be used as a safe alternative strategy for fish
disease management to antibiotics.

2. Material and methods

2.1. Collection of the samples

Collecting naturally infected Nile tilapia from private farms at
sun El-Hagar, Kanater, Kalubia Governorate, and El Behira from
October 2017 to August 2019. All infected fish were examined
for pathogenic bacteria.
2.2. Isolation and identification of pathogenic bacteria

Isolatation of bacteria from internal organs (spleen, liver and
kidney) and muscles on TSB broth, incubated for 18 h at 28�c, then
a loop from broth culture was taken and streaked onto TCBS, R-S
medium, cetrimide for Vibrio, Aeromonas, and Pseudomonas species
isolation. The selected pure colony was restreaked on (TSA) media,
incubated for 24–48 h at 37 �C for morphological and biochemical
tests according to (Austin and Austin, 2007).
2

2.3. The inhibitory activity of probiotic bacteria in-vitro

Four probiotic bacteria were used; the first one was kindly pro-
vided from the midgut of larva, determined by Gene bank acces-
sion No MK160141, B. amyloliquefacien SW19 (Shaimaa, 2019).
The second was a commercial Baker’s yeast Saccharomyces cere-
visiae. The other two were isolated from pickles and yogurt identi-
fied morphologically and biochemically as Bacillus cereus and
Lactobacillus bulgaricus, respectively. These probiotics exhibited
in-vitro antagonistic activity against previously isolated pathogenic
bacteria, such as Aeromonas hydrophila, A.jandiae, and A.caviae,
Pseudomonas aeruginosa, Vibrio anguillarum and V. alginolyticus by
the disc–agar diffusion technique. Applying sterile cotton swabs,
the probiotic cultures were supplemented in sterilzed nutritional
broth for 6–8 h at 37 �C. Using flame-covered ethanol forceps
and, cultures were aseptically wiped onto the surface of sterile
Mueller-Hinton agar plates. Bacteria previously isolated discs
placed overseeded sufficiently separated from each other to avoid
overlapping inhibition zones, and kept at 37 �C for 24 h. Measuring
diameter of inhibition zones in mm (Muniruzzaman and
Chowdhury, 2004).

2.4. Identification the metabolites of Bacillus amyloliquefaciens SW19
by GC/MS

The GC–MS system (Agilent Technologies) was equipped with
gas chromatograph (7890B) and mass spectrometer detector
(5977A) at Central Laboratories Network, National Research Cen-
tre, Cairo, Egypt. The GC was equipped with HP-5MS column
(30 m � 0.25 mm internal diameter and 0.25 lm film thickness).
Analyses were carried out using hydrogen as the carrier gas at a
flow rate of 1 ml/min at a splitless, injection volume of 1 ll and
the following temperature program: 50 �C for 1 min; rising at
5 �C /min to 100 �C and held for 0 min; rising at 10 �C/min to
300 �C and held for 5 min. The injector and detector were held at
250 �C and 260 �C, respectively. Mass spectra were obtained by
electron ionization (EI) at 70 eV and using a spectral range of m/z
50–550 and solvent delay 6 min. Identification of different con-
stituents was determined by comparing the spectrum fragmenta-
tion pattern with those stored in Wiley and NIST Mass Spectral
Library data.
3. Preparation of fish diet

3.1. Probiotics bacteria supplemented diet preparation

According to an in-vitro study, Bacillus amyloliquefaciens SW19
has high antibacterial activity against pathogens. One ml of 24 h
old culture was centrifuged at 3000 rpm untile 30 min at 4�C, the
pellets were harvested and washed twice with sterile saline, subse-
quently re-centrifuged again at 3000 rpm for 5 min, and the final
concentration has been adjusted to 1010 CFU/ml in saline using a
McFarland standard tube (Selim et al. 2019), then added 50 ml/
kg saline containing probiotic bacteria to the basal diet (Salam
et al. 2021) to give an initial number of 1010 CFU/ml diet and dried
at room temperature under aseptic conditions for 6 h, and pre-
served at 4 �C (Aly et al. 2008).

3.2. Prebiotics bacteria supplemented diet preparation

In 500 ml of MRS broth medium Probiotics were inoculated
then incubated for 4 days at 37 �C. After incubation, CFS obtained
by centrifuging cultured bacteria in 4000 xg for 15 min, then fil-
trated the supernatant via syringe filters (0.45) lm pore size
(Akabanda et al. 2014). Then, ethyl acetate solvent was added to
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filtrate in the ratio 1:1 v/v, sonicated for 20 min. separated the
mixture three times within funnel of separating, evaporated the
crude extract to reach tenfold in concentration. The bioactive
metabolites were extracted according to (Liu et al. 2008;
Shaimaa,2019). Then, the pure extract was added to the basal diet
at 2 g/kg (Grisdale–Helland et al. 2008).
3.3. Synbiotic bacteria supplemented diet preparation

The synbiotic culture of Bacillus amyloliquefacien was mixed
with Bacillus amyloliquefacien extract and after mixing with the
feed with 0.4 g/kg according to (Jahari et al. 2018) (Table S1).
3.4. Fish and experimental design

Apparently, two hundred and forty healthy (Oreochromis niloti-
cus), the average body weight (25.9 ± 1.2 g) were collected from the
control laboratory for aquaculture, Abassa fish farm in Sharkia pro-
vince, Egypt. They were allocated randomly to equally-three
groups. Every group had three replicates distributed as ten fish
per aquarium. The first group, A0 control(-ve), received a basal diet
free from any additives. The second group, A1 control(+ve), was
infected with V. anguillarium, previously isolated from naturally
infected Nile tilapia and non-treated also fed basal diet, divided
the third group into two subgroups; A & B. Group (A) was further
divided into three subgroups (A3, A4, and A5) treated immediately
by dietary supplemented with probiotics (B. amyloliquefacien
1 � 1010 CFU/g), prebiotics (B.amyloliquefacien- ethyl acetate
extract)and synbiotics (probiotic + prebiotic) respectively. Also,
group (B) was divided into three subgroups (A5, A6, and A7)
infected with V. anguillarium then treated through feeding dietary
supplemented with probiotics, prebiotics, and synbiotics, respec-
tively. For 8 weeks fish were tested fed-diet at the rate of 3 % of live
body weight three times daily (Silva et al. 2015). Aquaria were pro-
vided with tap water de-chlorinated, and average temperature
25�C ± 1. Also, oxygen was adjusted for continuous aeration using
electrical air pumping compressors. Fish per aquarium were
weighted weekly from the beginning of the feeding experiment,
and the diet amount was adjusted.
3.5. Challenging fish with pathogen

After two weeks from begging of the experiment, four groups
(A1, A5, A6, and A7) were injected I/P by 0.1 ml of saline including
108 CFU ml�1 of V. anguillarum per fish, the strain previously iso-
lated from naturally infected fish, while A0 I/P was injected by
0.1 ml sterile saline as control negative (Yu et al. 2019). A1 acts
as a control positive infected and non–treated, while A5, A6, and
A7 were infected and treated immediately with probiotics, prebi-
otics, and synbiotics, respectively (Al-Dohail et al. 2008). At the
final of the experimence, A2, A3, also A4 were inoculated with
0.1 ml of pathogenic bacteria V. anguillarium. All fish injected were
observed for any abnormalities signs and mortality for 14 days
daily. Any dead fish were recorded immediately for post-mortem
examination and routine histopathological examination.
3.6. Parameters of feed utilization and growth performance

Calculation of (SGR), (FCR), (WG) accordingly to the following
equations.
3.6.1. Specific growth rate (SGR)
SGR% =100(ln final body weight–ln initial body weight/ experi-

mental period (day) (Siddiqui et al. 1988).
3

3.6.2. Feed conversion ratio (FCR)
FCR%=feed intake (g)/body weight gain (g) � 100 (Desilva and

Anderson, (1995); Yanbo and Zirong, 2006).

3.6.3. Average weight gain (AWG)
WG% (g/fish) = (average final weight(g)–average initial weight

(g) /average initial weight (g) � 100 (Jauncey and Ross, 1982).

3.7. Blood sampling

3.7.1. The collection of blood samples
Two samples of blood were withdrawn from the caudal blood

vessels then collected on seventh-day post-challenge and at the
end of the experiment to evaluate some immunological parameters
and assess some biochemical parameters. The first were taken with
EDTA and the second free of EDTA, centrifuged in 3000 rpm till
15 min for separation of serum. The determination of
immunoglobulin (IgM) using a kit of ELISA, serum germicidal activ-
ities, and serum lysozyme against Vibrio spp. determined suspen-
sion by the method of (Kajita et al., 1990; Rajaraman et al. 1998).

3.7.2. Non-specific immune parameters
Blood was collected from fish in the caudal vein with puncture

to determine lysozyme activity. After that, allowed to coagulate for
30 min at room temperature. Removed Serum from the coagulated
sample after centrifugation in 3000 rpm for 5 min then frozen at
�20 �C for chemical analysis, according to Parry et al. (1965).
IGM was measured by an ELISA according to (Fuda et al. 1991).

3.7.3. Tests of liver functions
Liver enzymes such as (ALT) alanine aminotransferase and

(AST) aspartate aminotransferase activities were evaluated accord-
ing to Reitman and Frankel (1957). Assayed the plasma within 24 h
next thawed and stored on ice. The frozen liver sample was stored
at �80 �C, centrifugation at 3000 rpm for 10 min at 4 �C. collected
the supernatants cautiously. Then, kept for enzyme analysis at
�80 �C, immune-related enzymes such as myeloperoxidase
(MPO), and the relevant- indicators of antioxidant in plasma,
including liver superoxide dismutase (SOD), malondialdehyde
(MDA) (Quade & Roth, 1997).

3.8. Studies of histopathological changes

Samples from the gills, kidney, and liver were taken before and
post-treatment, then fixed in 10 % buffered formalin for
histopathology (Bancroft and Stevens, 1996).

3.9. Statistic

ANOVA one-way used for analyzed all data. Differences among
means were tested through Duncanˊs multi-range test. The results
were presented as average values with standard errors (mean ± SE)
by using the SPSS 1600 statistical package (SPSS Inc., 1997, USA).
4. Results

4.1. Isolation and identification of pathogenic bacteria

All isolates were identified phenotypically according to stan-
dard protocol described bacterial isolation and identification. The
major isolates were recorded as Gram-negative bacteria Aeromonas
sobria, A.jandiae, A.caviae, A.veronii, and A. hydrophila, Pseudomonas
spp. (P. aeroginosa&P.medocina), and Vibrio spp. (V. anguillarum, V.
alginolyticus, and V. paraneamolyticus),while the minor ratio were
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recorded as Gram-positive bacteria Staphylococcus spp and Bacillus
spp the trace ratio.

4.2. The inhibitory activity of probiotic bacteria in-vitro

As shown in Fig. 1 and Table 1, B. amyloliquefacien SW19 was
the most active antagonism against pathogens in which high inhi-
bition zone was recorded. It had an antagonistic effect against iso-
lated pathogenic bacteria (A. caviae, A. hydrophila, A. jandiae, P.
aeroginosa, V. anguillarum, and V. alginolyticus). V. anguillarum
was more sensitive to probiotics bacteria with a 40 mm diameter,
while A. caviae and P. aeroginosa recorded the lowest inhibition
zone.

4.3. Chemical classification of ethyl acetate extract by GC/MS
chromatography

The chemical constituents of metabolites extracted from Bacil-
lus amyloliquefaciens SW19 (CFS) were analyzed by GC/MS. Gener-
ally, the ethyl acetate extract of CFS contained 6 compounds
represented in Table 2, (Fig. 2 & Fig. 3). The high value was
recorded at Citroflex A, followed by bis (2-ethylhexyl) phthalate,
then butyl citrate, 1-Propene-1,2,3-tricarboxylic acid, tributyl ester
and 5-(Prop-2-enoyloxy) pentadecane. The lowest ratio was 3-
(prop-2-enoyloxy) dodecane. The previous compound had antibac-
terial activity against Aeromonas spp., Pseudomonas spp., and Vibrio
spp.

4.4. Challenging fish with pathogen

From (Table S2), it was noticed that the high mortality percent-
age in A1 (infected with V. anguillarium and non-treated) as 90 %. In
contrast, low mortality was observed in groups A2, A3, and A4,
which were directly fed dietary supplements with probiotics, pre-
biotics, and synbiotics (6.7, 16.7, and 23.3), respectively, compared
with control group A0 (46.67 %). Also, a high survival rate was
reported in A2 (93.33). After 8th weeks, no mortality was recorded
in groups (A2, A3, and A4) that were fed probiotics, prebiotics, and
synbiotics then infected with V. anguillarium.

4.5. Growth performance

From Table 3, it was observed that fish in A2, A3, A4, A5, A6, and
A7 significantly increased in relative growth rate, final body
weight, specific growth rate, and body gain, the high valuable, rep-
resented in A4 and A7 as (53.20, 52.23), (26.09, 24.97), (95.92,
91.57 %), and (1.16, 1.08), respectively. In the opposite direction,
these groups showed a significant decrease in feed conversion ratio
in comparison to control and others treatment groups. lowest final
weight were represented in the control diet.
Fig. 1. Antagonistic activities of probiotic bacteria with pathogenic bacteria.No(1):Bacil
amyloliquefaciens SW19
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4.6. Hematological and biochemical parameters

4.6.1. Hematological parameters
In the first week, as represented in Table S3, groups which

received diets supplemented with prebiotics, probiotics, and synbi-
otics were different (p � 0.05) from the control in hemoglobin den-
sity, RBCs, also WBCs. In the case of RBCs, high values were
recorded in A2, A3, and A5. The lowest values were represented
in the A1 group (infected non-treated). However, A1 recorded a
highly significant increase in WBCs compared with control A0.
Also, the highest hemoglobin density values were observed in
groups that received a diet supplemented with synbiotics (A4
and A7), followed by (A2, A3, and A6). The lowest value was shown
in A1, compared with control A0. Decreasing WBCs value were
occured in groups that fed diet supplemented with probiotics, pre-
biotics, and synbiotics, to reach control group A0, in the final of the
experiment but stile high in A1, as presented in (Table S4).

4.6.2. Immune parameters
After 60 days, lysozyme activity, IgM (immunoglobin), SOD (su-

peroxide dismutase), and CAT (catalase) showed a significant
increase in groups A2, A3, A4, G5, A6, and A7. The lowest values
were obtained in A1 compared to control, as seen in (Table S5).

All fish in A2, A3, A4, A5, A6, and A7 groups displayed signifi-
cantly reduced plasma MAD (malondialdehyde) levels; the oppo-
site in A1 showed a significant increase compared with A0. As
shown in Table S6, after 7 days of the experiment highly significant
decrease was observed in ALT (Alanine aminotransferase), total
protein, albumin, and globulin levels in groups A2, A3, A4, A5,
A6, and A7; while a significant increase in AST (Aspartase amino-
transferase) were recorded in the same groups. Also, both ALT
and AST recorded a high significantly increase at A1, but albumin,
globulin, and total protein indicated a significant reduction com-
pared to control.

The levels of creatinine and urea showed a significant decrease
in groups A2, A3, A4, A5, A6, and A7; they also revealed high rising
in A1 comparison with control A0. The A/G ratio showed a signifi-
cant increase in A3, A4, A6, and A7 groups but showed a significant
decrease in A2, A5, and A1 groups compared with the control
group.

After 60 days of the experiment, as in Table S7, the level of ALT
was reduced in groups A2, A3, A5, and A6, while in groups A4 and
A7 showed a significant increase with a highly significant increase
in A1. AST, represented a significant decrease in A4; conversely,
groups A2, A3, A5, A6, and A7 was increased. Also high value was
obtained at group A1 in compared with A0. Total protein, albumin
and globulin showed significant increase in groups A2, A3, A4, A5,
A6, and A7 and a highly significant decrease in A1 compared with
A0. The A/G ratio revealed a significant increase in A4, A5, A6, and
A7, and a significant decrease in A2 and A3 groups compared to
control. The urea and creatinine levels showed a significant
lus cereus, (2):Saccharomyces cerevisiae, (3):Lactobacillus bulgaricus, and (4):Bacillus



Table 1
The antagonistic effect of probiotics bacteria against isolated pathogenic bacteria.

Pathogenic bacteria Diameter of inhibition zones (mm)

Bacillus amyloliquefaciens SW19 Bacillus cereus Lactobacillus bulgaricus Saccharomyces cerevisiae

A.jandiae 25 13 20 18
A.caviae 15 15 – 10
A. hydrophila 20 16 20 15
V.anguillarum 40 15 20 20
V. alginolyticus, 35 – 15 15
P.aeroginosa 20 10 – 16

*Antibacterial activity against (A): V.anguillarum; (B): A.caviae&(C): A. hydrophila.

Table 2
GC/MS chromatogram for the extraction of Bacillus amyloliquefaciens.

Peak RT The name Formula The area Total area %

1 26.995 1-Propene-1,2,3-tricarboxylic acid, tributyl ester C18H30O6 262345.31 0.52
2 27.25 Butyl citrate C18H32O7 526250.48 1.04
3 28.277 Citroflex A C20H34O8 43,644,639 86.1
4 28.763 3-(Prop-2-enoyloxy)dodecane C15H28O2 219757.78 0.43
5 30.223 Bis(2-ethylhexyl) phthalate C24H38O4 5814046.3 11.47
6 31.761 5-(Prop-2-enoyloxy)pentadecane C18H34O2 224614.04 0.44

Fig. 2. GC/MS of Bacillus amyloliquefaciens SW19 metabolites extract.

Fig. 3. GC/MS fraction of antibacterial substance (5-(prop-2-enoyloxy) pentadecane) produced from Bacillus amyloliquefaciens SW19.
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Table 3
Influence of probiotics, prebiotics & synbiotics supplemented in the diet for 8 weeks on growth performance parameters of O. niloticus (M ± S.E).

Parameters Experimental Fish

A0 A2 A3 A4 A5 A6 A7

Initial BW (g) 27.17 ± 3.28 ab 26.80 ± 2.65 ab 26.57 ± 2.72 ab 27.20 ± 1.73 ab 26.90 ± 2.31 ab 26.53 ± 3.28 ab 27.27 ± 2.60 a
Final BW (g) 32.32 ± 5.01 d 47.50 ± 3.79b 37.08 ± 4.33c 53.20 ± 3.11 a 39.32 ± 2.52 bc 38.73 ± 4.41 bc 52.23 ± 34.93 ab
Body gain (g) 5.15 ± 3.69 d 20.70 ± 1.53 ab 10.52 ± 6.17c 26.09 ± 1.44 a 12.42 ± 1.33b 12.20 ± 1.15b 24.97 ± 34.67 a
Relative growth rate (%) 18.99 % 77.24 % 39.59 % 95.92 % 46.17 % 45.99 % 91.57 %
SGR (%) 0.29 ± 0.35 d 0.95 ± 0.32 ab 0.56 ± 0.35c 1.16 ± 0.38 a 0.63 ± 0.08b 0.63 ± 0.62b 1.08 ± 0.15 a
FCR 9.58 ± 0.08 a 3.33 ± 0.07 cd 4.55 ± 0.26b 1.87 ± 0.51 d 3.89 ± 0.07 bc 3.92 ± 0.23 bc 2.03 ± 0.31 cd

A0: apparently healthy fish without any treatment (control group). A2: apparently healthy fish, fed basal diet + probiotic. A3: apparently healthy fish fed basal diet + prebiotic.
A4: apparently healthy fish, fed basal diet + symbiotic. A5: infected fish and treatment with probiotics. A6: infected fish then treated with prebiotics. A7: infected fish and
treated with synbiotics. Within the same columns mean values with various superscript letters were significantly differed at (p � 0.05). SGR:(Specific growth rate), FCR:(Feed
conversion ratio), BW:(body weight).
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decrease in A2, A3, and A4 groups while groups A5, A6, A7, and A1
were showed high result, in compared with control.
4.7. Histopathological changes

The results revealed certain changes affecting the parenchyma-
tous organs (liver and kidney) after 60 days of dietary supplemen-
tation with probiotics, prebiotics, and synbiotics. All examined
organs were normal and with no evidence of any abnormalities
in the A0 control group as in (Fig. 4). Some histopathological
changes occurred in the kidney and liver of group A1. The kidney
in microscopic examination showed degeneration from some renal
tubules. The renal blood vessels diffuse severe congestion while
the liver showed hyperplasia of hematopoietic tissue invested
large blood vessels and diffuse vacuolation of hepatocytes, as rep-
resented in (Fig. 5).

In groups A2, A3, and A4, liver tissue had less liver congestion
degree than without supplementation, as shown in Fig. 6 and
(figS1&S2). The kidney showed mild degenerative changes of renal
tubules and renal blood vessels congestion with apparently normal
renal cortex.

The liver of Nile tilapia in group A5 showed mild congestion of
hepatic blood vessels with hyperplasia of hematopoietic tissue
invests, kidney showed mild activation of the melanomacrophage
center with apparently normal renal cortex, as shown in (Fig S3).
The focal area of extravasated erythrocytes with focal vacuolation
was represented in the liver of group A6. It was noticed that the
kidney showed severe diffuse congestion of renal blood vessels in
addition to mild focal degeneration of renal tubules with focal vac-
uolation, as shown in (Fig S4).

In the last group, A7, the liver showed perivascular leucocytic
cells infiltration with congestion of hepatic blood vessels. Also,
focal leucocytic cells infiltrating the renal cortex were shown in
the kidney, as represented in (Fig S5).
Fig. 4. Photomicrograph (A) of liver of Nile tilapia of the control group (A0) on 60th day
(H&E � 400). Photomicrograph (B): kidney showing normal renal cortex (H&E � 200).
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5. Discussion

Recently, probiotics and prebiotics became an integral part of
aquaculture practices that improve disease resistance and growth
performance (Mehrabi et al. 2012). In principle, probiotics and pre-
biotics have been combined to provide the probiont with a advan-
tage of competitive over competing domestic groups, thus
improving implantation and the survival of lived microbial nutri-
tional supplements at the digestive tract of the host (Gibson and
Robefroid, 1995).

The study demonstrated that Bacillus amylolqufiense SW19 had
an antagonistic effect against isolated pathogenic bacteria; Aero-
monas caviae, A hydrophila.,and A. jandiae, Pseudomonas spp. (P.
aeroginosa), and Vibrio spp. (V. anguillarum and V. alginolyticus.).
Our results agree with those of (Krishnan, 2014), who noticed that
Bacillus spp. had a probiotic effect in-vitro against A. hydrophila and
V. harveyi by producing bacteriocin–like substance. Antibacterial
effect of Bacillus species may be attributed to variable causes,
included pH change of bacterial growth media, production of
polypeptides and volatile compounds, and nutrient competition
(Balcázar and Rojas-Luna (2007). In the present investigation, six
compounds were obtained from extraction of B. amyloliquefaciens
SW19 ethyl acetate, (1-Propene-1,2,3-tricarboxylic acid, tributyl
ester, Butyl citrate, Citroflex A, 3-(Prop-2-enoyloxy) dodecane, Bis
(2-ethylhexyl) phthalate and 5-(Prop-2-enoyloxy) pentadecane),
the analysis was done by using GC–MS. Our result coincides with
those obtained by Gadhi et al., (2018); Sivarajan et al., (2019);
and Masika et al., (2020) who demonstrated that the use of GC–
MS analysis for detecting the compounds biodegradable in waste
petroleum hydrocarbon using Bacillus spp consortia. The antibacte-
rial activities of B. amyloliquefaciens SW19 ethyl acetate extract
studied in vitro against pathogenic bacteria (Aeromonas spp, Pseu-
domonas spp &Vibrio spp), the inhibition zone ranged from (10–
45 mm). The obtained result agreed with Habib and Karim
showing normal tissue architecture and cellular details within hepatic parenchyma



Fig. 5. Photomicrograph (C) of liver of Nile tilapia of group A1 on 60th day showing hyperplasia of hematopoietic tissue invested large blood vessels (arrows) and vacuolation
diffuse of hepatocytes (arrowhead) (H&E � 400). Photomicrograph (D) Nile tilapia kidney showing some renal tubules were degenerated (arrowhead) and severe diffuse
congestion in the renal blood vessels (arrows) (H&E � 400).

Fig. 6. Photomicrograph (E) of liver of Nile tilapia of the group (A2) on 60th day showing diffuse vacuolation of hepatic cells within hepatic parenchyma (arrowhead)
(H&E � 400), Photomicrograph(F) hypercellularity of renal glomeruli (arrowhead)of the kidney and mild degenerative changes at renal tubules (arrows) (H&E � 400).

F.M Ghaly, Shahira H.M Hussein, S.M. Awad et al. Saudi Journal of Biological Sciences 30 (2023) 103539
(2009) demonstrated that ethyl acetate extract of Di-(2-
ethylhexyl) phthalate isolated from Calotropis gigantea (Linn.)
Flower had antibacterial activity against both Gram positive (Sar-
cina lutea, Staphylococcus aureus and Bacillus subtilis) and Gram
negative (Shigella sonnei, Escherchia coli, Shigella dysenteriae and
Shigella shiga) bacteria, inhibition zones ranging from
07 � 20 mm. This antibacterial activity due to the presence of sec-
ondary metabolites that can interfere with pathogens by different
mode of action, including cell membrane disruption, inhibition the
formation of cell wall, prevent the cell division and inhibition the
synthesis of RNA/DNA or protein synthesis.

The present investigation pointed that groups of fish were fed
dietary supplemented with prebiotics, probiotics, and synbiotics
recorded low mortality rates and high survival rates. These results
were similar to those obtained by Samuel (2013), who concluded
that the probiotic strains and prebiotics used as feed and aquatic
additives individually or together effectively reduced mortality in
Nile tilapia and channel catfish under the conditions of laboratory.

The current study recorded high percentage of weight gain in
groups which received dietary supplementation with synbiotics,
followed by groups fed dietary supplementation with probiotics,
then groups taking dietary supplementation with prebiotics. The
highest (SGR) was obtained in synbiotic groups, while the lowest
growth rate and (SGR) were recorded in control. The obtained
results agreed with Wibisono et al. (2021), who stated that using
synbiotics had an increasing effect on the length and growth of
tilapia. It was recorded in group T3 (1 % probiotics and 2 % prebi-
otics), with 35.36 g weight and 13.17 cm length. Our study cleared
that groups that received dietary supplementation with prebiotics,
probiotics, and synbiotics showed a significant increase in RBCs,
WBCs, and Hb value. The same observation was recorded by Al-
Dohail et al. (2011), Reda et al. (2018), Adorian et al. (2019), probi-
otics could improve hematological parameter value due to
7

hemopoietic stimulation. This agreed with Renuka et al. (2014),
widanarni & suprayudi, (2015), and Salam et al. (2021). Our values
disagreed to Ruiz et al. (2020), which stated that there were no sig-
nificant changes at thrombocyte count, total leukocyte, and lym-
phocytes in Oreochromis niloticus, fed the probiotic Lactobacillus
plantarum with different concentrations. Higher immunity regis-
tered in fish groups fed dietary supplementation with synbiotics,
prebiotics, and probiotics is indicated by elevated lysozyme &
IgM activities than control diet feeding. In the same direction
reported by Abd El-Tawwab and Ahmed (2009) and Abd El-
Azeem et al. (2018). The probiotics could produce different cytoki-
nes in fish; thus, the immunity system of stomach fish increases
the cells of the immunoglobulin acidophil granulocyte (Niu et al.
2020).

Our result demonstrated a significant rise in SOD & CAT in fish
groups that received additives of probiotics, prebiotics, and synbi-
otics and revealed a significant drop in the infected non-treated
group. Similar signs were observed by (Zhou et al. 2010), who
mentioned that (O. niloticus) enhanced significantly the activity
of serum SOD after B. coagulans and B. subtilis B10 dietary supple-
mented intake for forty days. The present investigation indicates
that a week after the start of the experiment, all treated groups
showed a high increase in aspartate aminotransferase (AST) and
a considerable reduction in alanine aminotransferase (ALT), albu-
min, globulin, and total protein. Also, next two month, decreasing
significantly (p � 0.05) in (ALT), while in(AST), total protein, albu-
min, and globulin were recorded a significant increase in the same
groups.Our results were similar to those revealed by Nayak et al.
(2007), Kumar et al. (2017), Abd El Azeem et al. (2018), and
Zhang et al. (2020), who demonstrated that the activities plasma
of ALP, AST, and ALT lowered in groups with xylooligosaccharide
supplementation, thus indicates the normality of the XOS liver
function protection. Our trial, creatinine & urea were markedly
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reduced by dietary supplementation of probiotics, prebiotics, and
symbiotics, while increased in groups infected with V. anguillarium.
This may be attributed to kidney dysfunction and reduction in pro-
biont groups and their roles in improving kidney histology. These
results are in the same direction as Sayed et al. (2011), who
showed that Nile tilapia (Lin Fingerlings) manifested a significant
decrease in urea, creatinine, ALT, and AST in all treated groups with
probiotics compared with control.

Histopathological examinations on the different orangs (liver &
kidney) of untreated infected Nile tilapia were carried out. The
hepatic tissue results indicated necrotic changes, fatty degenera-
tive changes in the pancreatic acini, high degenerative tubular
necrosis, and hematopoietic hyperplasia. These results are in the
same direction as Fouz et al. (1995), and Azad et al. (2004), who
stated that the renal tubules edema, depletion of the tubular inter-
stitium cells, also the main histopathological features in normal
and experimentally infected sea bass kidney were hyperemia. In
the current study, in the fish groups that received dietary supple-
mentation with probiotics, prebiotics, and synbiotics, the liver of
fish clarified a lower degree of damage to cordon side and less of
hyperemia compared with non-supplemented ones. Diffuse vacuo-
lation of hepatic cells within hepatic parenchyma suggests the pos-
itive effects of probiotics, no harmful inflammatory responses on
the immune system (Saad, 2006).

6. Conclusion

The present study exhibited that dietary supplemented with B.
amyloliquefacien as probiotics plus prebiotics mixed together to
obtain synbiotics in Nile tilapia diet for two month could modulate
the growth performance and resistance against fish pathogens.
Furthermore, it elevated the survival of aquatic animals. However,
it could cause some hematological and histological changes.
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