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Abstract

The goal of this study was to determine how probiotic “probax®,” green tea, and clove oil supplementation
affected Nile tilapia (Oreochromis niloticus) growth performance and immune state. In a randomized full
block design, 120 Nile tilapia in total, average body weights of (25.57 + 0.3g) were randomly assigned to 4
treatments with 3 replicates (10 per replicate). Dietary treatments included either a base diet without any sup-
plements (group 1) as the control group or a base diet supplemented with probax (group 2), green tea (group 3),
or clove oil (group 4). The results showed that the groups treated with green tea and probax experienced sig-
nificantly greater weight gains than the groups treated with clove oil. While specific immunological measures
like IgM and CRP show a large increase in groups treated with green tea, rather than clove oil, nonspecific
immune data showed that the overall leukocytic count of the groups did not differ from one another. lysozymes
were higher in the probiotics-treated group, although in comparison to other treated groups, the control group
had higher levels of IgG. However, globulin levels were noticeably greater in the individuals receiving probax
treatment compared to other groups, whereas albumin was noticeably greater in the groups that received treat-
ment with green tea and clove oil. As a result, the groups treated with probax and clove oil had considerably
greater albumin to globulin ratios than the green tea-treated group. As a result of this study, it is possible to
recommend adding probax, green tea, and clove oil to the diets of Nile tilapia as growth promoters and immu-
nostimulants. According to this research study, green tea is the most potent of the group before being exposed
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INTRODUCTION

Fish and their merchandise are a crucial supply of digested
and scrumptious animal protein with excessive organic value
(Faber et al., 2010). They include significant amounts of trace el-
ements as well as numerous necessary minerals, polysaturated
fatty acids, omega-3, critical vitamins, and amino acids (Abdulla-
hi et al, 2001; Surette, 2008). The most significant and valuable
fish species in Egypt is the Nile tilapia (Oreochromis niloticus),
which accounts for 71.38% of all fish grown in Africa and 1.54%
of all fish raised globally (FAO, 2012). After China and Indonesia,
Egypt is the third-largest producer of tilapia. The most signifi-
cant governorates in Egypt are Kafr-Elsheikh, Behera, and Shark-
ia, which provide 80% of the nation’s farmed tilapia (El-Sayed,
2013). Due to the huge number of fish deaths, notably in China
and India, Aeromonas infection in fish generates problems for the
global economy (Citarasu et al, 2011). The pervasive handling
of antibiotics in the treatment strategies upsetting an extensive
distribution of resistant bacteria especially in the aquatic envi-
ronment (Young, 1993). Enhancing the performance, antioxidant
activity, and innate immunity of many fish species by making the
best use of phytogenic natural compounds, which are frequently

to Aeromonas hydrophila, and it gets even stronger thereafter.

Aeromonas species, Nile Tilapia, Probiotic, Green tea, Clove oil

employed in aquafeeds, is currently improving the aquaculture
business (Dawood et al., 2018; Dawood et al., 2020; Alagawany
etal, 2021).

The use of medicinal plants in aquaculture is a novel strategy.
Because of the potential for the generation of microorganisms
resistant to antibiotics, environmental pollution, and the build-
up of residues in fish tissue, the appropriate use of antibiotics
and other chemotherapeutics in fish culture has been criticized
(Ringo et al., 2010). Farmers typically seek out innovative, feasi-
ble alternative feed sources that improve fish development while
also lowering feed prices, even though running expenses can
vary (Kari et al, 2022). Camellia sinensis L.'s green tea is made
from non-oxidized, unfermented leaves that contain a variety of
ingredients with growth-promoting, anti-inflammatory, antioxi-
dant, antibacterial, antiviral, antiparasitic, and immunostimulant
qualities (Crespy and Williamson, 2004). The use of probiotic bac-
teria to improve growth performance has recently attracted a lot
of attention in aquaculture. Probiotic use in aquaculture has been
shown to have positive outcomes (Balcazar et al., 2006). Clove oil
has cytotoxic, anaesthetic, antibacterial, anti-inflammatory, and
antioxidant effects (Chaieb et al,, 2007; Gulcin et al, 2012; Soni
and Dahiya, 2014). In fish, clove oil could promote the growth of
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Nile tilapia when introduced to diets (Gaber, 2000).

Fish in rivers, and saline water are the principal reservoirs for
Aeromonas, however Separating this pathogen from chlorinated
water, including water supplies, has also proven possible. Aero-
monas species have been added to the contamination candidate
list of emerging water-borne diseases by the American Environ-
mental Protection Agency (Borchardt et al., 2003). It is caused by
Aeromonas’ capacity for growth and the creation of biofilm in
chlorinated water distribution systems. A Foods sold in stores,
such as fish, seafood, raw milk, chicken, and red meats, have been
found to be hydrophilic (Sreeremya, 2017; Tahoun et al., 2018;
Wamala et al., 2018). Aerolysin, hemolysin, proteases, and lipases
are a few possible virulence factors that have been linked to the
pathogenicity of Aeromonads. These poisons significantly con-
tribute to the development of illnesses in both people and fish
(Umesha et al,, 2011). Based entirely on immunological research,
the hemolysins produced utilizing A. hydrophila are split into
two main groups: extracellular hemolysin and aerolysin (Koza-
ki et al, 1989). Intake of infected fish, sea foods, and drinking
water, as well as direct contact with recreational waters, are the
two main ways that the zoonotic illness of aeromoniasis spreads
(Yogananth et al,, 2009). This zoonotic pathogen is a facultative-
ly anaerobic, motile, Gram-negative, no spore-forming member
of the Aeromonad family (Abbott et al, 2003; Martin-Carnahan
et al., 2005). The most dangerous zoonotic pathogen is thought
to be Aeromonas. Meningitis, fulminating septicemia, skin and
wound infections, gastroenteritis, septic arthritis, and traveler's
diarrhoea are among conditions that can affect people (Salunke
et al,, 2015). The flora of fish, amphibians, and reptiles includes
Aeromonas, which is frequently found in aquatic habitats (Austin
and Allen-Austin, 1985). The purpose of the study was to de-
termine how the probiotic “probax®,” green tea, and clove oll
supplements impacted the growth performance and immune
condition of Nile tilapia (Oreochromis niloticus).

MATERIALS AND METHODS

Experimental fish

Healthy Nile tilapia fingerlings total number (n.=120) were
obtained a live from Abbasa fish hatchery, Sharkia, Egypt. The fish
displayed no clinical abnormalities and had no history of disease
outbreak. Before the experiment began, fish (45.0£0.5 g) were
randomly placed for two weeks into glass aquariums (10 fish/
aquarium) that were pressurised air was delivered via air stones.
While being given a basal diet. This study was conducted accord-
ing to the guidelines of the ethical committee for the animal use
of Zagazig University, Egypt.

Supplements
After the adaptation period, four groups which (G1: basal

diet, G2: Probax, G3: Green tea, G4: Clove oil) of fish were created
and fed one of the tested diets twice per day at 9:00am and 2:00

Table 1. Experimental fish design.

pm for 12 weeks until apparent satiation was reached. The tested
diets represent 0.3% of body wt., consist of 0.3% Probax probiotic
each kg contain 1.0X10" CFU Bacillus subtitles and 1.0X10" CFU
Lactobacillus casei and up to 1 kg dextrose, green tea (1.5% gun
powder 100% natural), and clove oil 2.5% (Table 2)

Experimental fish design

This experiment was carried out for three months (from Octo-
ber 2020 to January 2021) during the season at the Central Lab-
oratory for Aquaculture Research (CLAR), Abbasa, Sharkia, Egypt.

Determining performance metrics for growth and survival

At the start of the trial (12 weeks in) and at the end (12 weeks
later), the weight of the fish in each aquarium was obtained. The
survival rate (SR) and growth characteristics have been recorded
in line with Jayant et al. (2018) as follows:

Weight gain (g) = Final body weight (g) minus Initial body weight
()

The percentage of increase in weight was computed accord-
ing to Jauncey and Ross (1982) as follows:

Weight gain percent is calculated as Final average body
weight - Initial average body weight/Initial average body weight
multiplied by 100.

Specific growth rate (SGR) turned into decided according to
Sveier et al. (2000): Specific growth rate (SGR) = 100 (In W2 - In
W1) / T, Where W1 and W2 are the preliminary and final fish
weight, respectively, and T changed into the range of days with-
inside the feeding period.

The average body weight of fish for each group was deter-
mined after one and two months of the feeding experiment and
was measured in accordance with Windell et al. (1978) and Sid-
diqui et al. (1988) as: Fish total weight divided by the number of
fish in each group equals average body weight.

Evaluation of feed utilization

By dividing the total weight of the feed provided during a
specific period by the number of fish that survived, the amount
of food consumed was calculated.

Feed conversion ratio (FCR) (Sveier et al, 2000) was deter-
mined using the following by dividing the live weight increase in
grams/dry feed consumption in grams.

Survival rate (%) was calculated as: Number of fish counted/
Number of supplied fish x 100.

Blood and serum samples

Whole blood samples were collected in tubes containing
EDTA as anticoagulant (blood samples from one fish from each
replication, 3 fish/group) were used for estimation of total leuco-
cyte count. Another blood samples were collected on plain tubes
and processed for separation of serum that used for immunolog-

No. of Groups Group 1 Group 2 Group 3 Group 4
Probax Probiotic Green Tea Clove Oil
Type of Diet Control Diet
-0.30% -1.50% -2.50%
No. of fishes 10 10 10 10
No. of replicates 3 3 3 3
Total No. of fish in each group 30 30 30 30
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ical analysis.
Evaluation of immunological parameters
Determination of immunoglobulin M (IgM)

The immunological complex produced by IgM present in the
blood sample when combined with a specific antiserum to the
nephelometry technique was used to measure the quantity of
IgM by measuring how these complexes scattered a beam of
light passing through the sample.

Serum lysozyme activity assay

Briefly, 0.03% lyophilized in (0.05 mM) solution phosphate
buffer (pH 6.2) was used as substrate. Serum lysozyme activity
was assessed using the technique of Ellis (1990).

Determination of C-reactive protein

Turbidimetric Immunoassay (TIA), which employs polyclonal
antibodies produced in response to liquid phase immunopre-
cipitation following rabbit immunization with human CRP, was
used to measure the amounts of CRP in the serum (Protiline, Bio-
Merieux). The development of turbidity, which increases at 340
nm and is inversely related to the amount of CRP inside the sam-
ple, is used to monitor the creation of insoluble antigen-antibody
complexes (Igor and Stanislav, 2000).

Serum biochemical assays

The serum overall protein and albumin have been decided
spectrophotometrically (Doumas et al, 1981), The amount of
globulin was calculated by deducting serum albumin from the

total protein.

Evaluation of Nonspecific immunological parameters (Leucocytes
counts)

Total leukocytic count was performed using the improved
Neubaur chamber, Natt and Herrick's solution as diluting fluid

Table 2. Composition of the basal diet used in the experiment.

and 1:100 diluted blood according to the method described by
Stoskopf et al. (1993). Nitroblue tetrazolium activity (NBT) was
performed according to Studnicka et al. (1985). The Lysozyme
concentrations in samples were determined from a plotted stan-
dard curve against the corresponding clear zone ring diameter
on the linear axis (Rao et al., 2007).

Challenge study

After ninety days of feeding, 10 fishes from every remedy
which include positive control had been injected with 0.1 ml of A.
hydrophila (3.16 x 10’CFU/ml) and fed with basal diet. Fishes that
belonged to the negative control group were injected with 0.1
ml of phosphate buffered saline. The survival rate was recorded
daily for 10 days.

Statistical model and analysis procedure

Excel was used to alter the data (Microsoft Corporation, Red-
mond, WA, USA) Data were subjected to analysis of variance us-
ing the statistical analysis system’s general linear model process
(GLM). (PROC GLM; SAS Institute Inc., 2012). The following statis-
tical model was applied for analysis of all measurements:

Y, = u+ TRT + e

Where, Yij = Observations, p = Overall mean, TRT = effect of
ith antioxidant material (i, 1 to 4), e = random error. According
to orthogonal comparisons, the differences between the control
and antioxidants were looked into. Tukey's studentized range
(HSD) test was used to distinguish the differences between treat-
ment means. Shapiro-Wilk test was conducted in order to check
for normality (Razali and Wah, 2011). The statistical significance
was accepted at (p<0.05).

The mean and SEM of the results were given (Standard Error
of Mean). ANOVA in one direction, then Tukey's Honestly Sig-
nificant Difference (HSD) test as a post hoc analysis, and two-
way repeated measures, followed by Both a post hoc test and
Duncan’s multiple range test were used to assess how the five
treatment groups affected the various biochemical parameters.
Statistical significance was indicated by the value of P< 0.05. Sta-
tistical Package for Social Sciences, version 24.0 (SPSS, IBM Corp.,
Armonk, NY) and Graph Pad Prism 8.0.2 were used for all analyses

Probax Green tea Clove Oil

Ingredients Basic diet (G1)

(G2) (G3) (G4)
Yellow Corn 34 34 33 32
Wheat flour 7 6.7 6.5 6.5
Poultry by-product meal 14 14 14 14
Soya oil 3 3 3 3
SBM local 44% 373 373 373 37.3
Calcium Carbonate (Caco3) 1.5 1.5 1.5 1.5
dicalcium ph. 0.2 0.2 0.2 0.2
Salts (Nacl) 1 1 1 1
Vit. & Min. premix 2 2 2 2
Probax 0 0.3 0 0
Green Tea 0 0 1.5 0
Clove Oil 0 0 0 2.5
Total 100 100 100 100
Calculated Analysis
CP% 28.48 28.44 28.34 28.25
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and visualization (GraphPad Software, Inc).
RESULTS

Results of the impact of dietary supplementation of probiotic,
green tea, and clove oil on growth attributes of O. niloticus are
presented in Table 3. Supplementing the O. niloticus diets with
1.5% green tea and 0.5% probiotic produced substantial varia-
tions (p <0.05) in the control fish in terms of final live body weight
(FBW), cumulative body weight gain, specific growth rate, feed
consumption, and feed conversion ratio. Meanwhile, non- sig-
nificant differences were observed between clove oil 2.5% group
and the control group in feed consumption (p > 0.05). Similarly,
non-significance differences were detected in all growth attri-
butes between the groups treated by green tea (1.5%) or clove
oil (2.5%).

Table 4 shows the two-way repeated measures ANOVA that
was run to test differences in parameters that recorded in differ-
ent times of experiment, before and after treatment respectively,

when applying different treatments with either control diet, pro-
biotic, green tea, clove oil. The findings showed that the interac-
tion between the two factors (the time of experiment and type of
treatment) had a very big impact.

Result revealed that the group of probiotic diet showed a
highly significant increase in IgM, CRP, globulin levels after the
challenge test, but showed slightly significant increases in IgM,
CRP, albumin, globulin levels before challenge test.

While green tea diet resulted in highly significant increases in
IgM, CRP, and globulin levels, with moderate increase in albumin
level. On the other hand, green tea diet decreased I1gG and A/G
ratio before challenge test, However, after challenge, albumin
and albumin globulin ratio were significantly increased, with a
slight increase in IgM and CRP levels, and decreases in IgG and
globulin levels.

Before the challenge test, clove oil diet resulted in a high-
ly significant increase in albumin level, with slight increases in
IgM, CRP, and globulin levels, and decreases of IgG and A/G ratio.
Meanwhile after challenge test, there were moderate increases

Table 3. Effect of extra virgin probiotic, green tea, and clove oil supplementations on growth attributes of O. niloticus

Natural antioxidant treatments p-value!
Parameters Control
Pro. 0.5% GT 1.5% Clov. (2.5%)  Treatments Normality Control vs.
Treatments
Initial No. fish 10 10 10 10 -- -- --
Final No. fish 8 10 10 10 -- - -
Survival rate (%) 80 100 100 100 -- -- --
Initial body weight 23.66+0.80 23.76+0.72 23.52+0.88 23.16+0.90 0.263 0.092 0.338
Final body weight 43.89+1.19 50.14+1.07% 51.91+1.15%  45.92+1.81+* 0.048 0.125 0.033
Body gain 20.23+0.96 26.38+0.77% 28.39+0.91%  22.76+0.331*+ 0.035 0.072 0.029
Body gain (%) 85.50+2.93 111.02+4.74%  120.71+4.89f  98.27+3.641*+ 0.018 0.352 0.001
Specific growth rate 0.298+0.00 0.360+0.00% 0.382+0.00%  0.330+0.00f*+ 0.016 0.441 0.008
Feed consumption (fish/90 days) 91.19+1.27 99.76+1.09% 101.83+2.84%  93.2543.58+* 0.004 0.254 0.001
Feed conversion ratio 4.51+0.01 3.78+0.01% 3.59+0.01% 4.08+0.011* 0.044 0.422 0.034
1 Different with the control (p < 0.05); * differ with green tea (p < 0.05); +differ with probiotic (p < 0. 05).
Table 4. Effect on parameters before and after challenge test with Aeromonas hydrophila.
Gl G2 G3 G4
1M (IU/L) Before challenge 399.67+32.00° 546.67+13.69° 660.33+29.04* 506.67+43.39°
£ After challenge 587.00+2.65% 646.00+3.2° 594.334+41.37® 502.67+25.21°
Before challenge 3.05+1.13 3.63+0.62 2.31+0.22 2.64+0.36
lysozymes (mg/dl)
After challenge 13.55+2.33 10.35+0.72 12.9140.16 12.85+0.16
Before challenge 25.64+5.274 55.65+8.83%¢ 76.80+5.95° 47.61£11.74%
CRP (g/L)
After challenge 62.28+2 53¢ 70.61+1.35° 67.67+6.10% 43.96+6.13<
Before challenge 353.00+32.87¢ 211.00+1.734 203.00+5.29¢ 216.00+38.42¢
IgG (mg/dl)
After challenge 944.33+49.87° 708.67+78.28° 256.33+21.87¢ 134.00+34.09¢
Before challenge 4.11£0.14 4.03+0,07 4.08+0.11 4.25+0.36
Total Protein (g/dl)
After challenge 3.63+0.13 3.35+0.17 3.08+0.06 3.20+0.39
) Before challenge 2.2140.02%¢ 2.07+0.03%¢ 2.3440.14% 2.46+0.23*
Albumin (g/dl)
After challenge 1.78+0.044 2.03+0.10° 2.31+0.07% 1.94+0.02¢
. Before challenge 2.07+0.03* 1.90£0.02% 2.05+0.05° 1.82+0.08®
Globulin (g/dl)
After challenge 1.68+0.02° 1.86+0.21% 0.83+0.03¢ 0.90+0.01¢
AG Before challenge 1.07+0.01¢ 1.09+0.03¢ 1.14+0.08¢ 1.35+0.07¢
After challenge 1.06+0.03¢ 1.12+0.144 2.78+0.06* 2.15+0.04°
Before challenge 47.60+2.80 46.37+7.35 59.20+6.65 52.77+5.06
WBCs (x 10%)
After challenge 37.53+4.47 40.30+10.86 40.90+12.56 38.57+7.99

G1: Control diet; G2: Probax; G3: Green tea; G4: Clove oil groups; IgM: Immunoglobulin M; CRP: C- reactive protein; IgG: Immunoglobulin G; A/G: Albumin/globulin ratio; WBCs:

White Blood Cells.

Data are presented as mean+SEM. abcMeans within the same row according to Duncan’s multiple range test results, carrying distinct superscripts are considerably different at P < 0.05.

756



Ahmed M. Ammar et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 6, 753-759

in IgM, albumin, A/G ratio, and decreases of CRP, IgG, globulin
levels.

DISCUSSION

Commercial probiotic products contain one or more bacteria
organisms as Bacillus, Streptococcus, Lactobacillus, or commer-
cial yeast. Feed supplemented with multiple species of probiotics
likely provides a wider variety of antibacterial components than
mono-species probiotics (Nayak, 2010).

The obtained results showed that probiotic (0.5%) induced
significant increases (P<0.05) in final live weight, cumulative body
weight gain, specific growth rate, feed intake, and feed conver-
sion ratio in comparison to the control group, these results agree
with Geovany et al. (2007) who mentioned that feeding probiotics
may enhance appetite and growth performance of the cultured
fish species. However, the specific function of probiotics may vary
according to the host animal and the probiotic characteristics.
The results also agree with Ghosh et al. (2008) and Merrifield et
al. (2010), who confirmed in their experiment that dietary probi-
otics may aid in enhancing the fish growth. The enhanced growth
rate of fish is one of the many advantages of probiotics in aqua-
culture; this advantage is thought to result from the bacterial
species colonizing the host's gut because probiotics produce a
change in the gut's bacterial population that somehow improves
the host's health (Balcazar et al., 2006; El-Haroun et al., 2006).

The results of the present investigation revealed non-signif-
icant differences in the feed consumption between the clove oil
2.5% group and the control group (P>0.05). As shown in Table
3, this result is consistent with Gaber (2000) findings that cloves
are an excellent source of antioxidants that can halt the oxidative
rancidity and lipid peroxidation processes. In contrast, all these
positive impacts could promote growth and enhance fish health
in general (Chakraborty et al., 2014). Nile tilapia’s growth was en-
hanced when they were fed turmeric powder (TP) at doses of 0.5
or 4% (Mahmoud et al.,, 2014; Sanchez et al., 2019), or clove oil at
a dose of 0.08% (Gaber, 2000).

Results from the current study showed significant differences
in final live weight, total gain in body weight, specific growth rate,
amount of food consumed, and feed conversion ratio (P<0.05)
compared to the control fish, especially before challenge with
Aeromonas hydrophila as shown in Table 3. Diets that are more
alluring or elegant cause fish to consume more feed and perform
better, which impacts the growth and performance of the fish.
The inclusion of nutritional green tea (GT) in fish diets may also
enhance vitamin uptake and nutrient utilization, which in turn
may help to explain why fish are growing and eating more feed.
Additionally, GT may boost the activity of beneficial microorgan-
isms and microbial enzymes, decrease the ability of pathogens,
and/or increase the number of beneficial microbes, all of which
improve feed digestibility and nutrient absorption. These results
back up the predictions made by (Qiu et al., 2004) that including
Chinese medicinal herbs (CMH) in the diets of crucian carp con-
siderably improved the growth efficiency, intestinal and hepato-
pancreatic protease activity, and apparent protein and fat digest-
ibility. According to Lin et al. (2006), traditional CMH may also
influence digestive functions by improving vitamin and enzyme
absorption. When herb levels rise, this may improve the speed at
which food leaves the stomach.

An essential tool for disease prevention in aquaculture is im-
munomodulation (Abdel Rahman et al,, 2018; 2019). As shown
in Table 4, our results indicate a significant reduction in group 4
lysozymes (12.85+ 0.16), total protein (3.20 +0.39), and globu-
lin (0.90 +£0.01) levels. Saurabh and Sahoo (2008) noted that the
bacterial challenge test is used to confirm the immunomodula-
tory effect of turmeric powder (TP) and clove pub powder (CBP),
either alone or in combination. True lysozymes have the ability to
lyse Micrococcus lysodeikticus cells (Iwama and Nakanishi, 1987).
Lysozyme present in the macrophages release nitric oxide, which
is a potent bactericidal reactive oxygen species, which increases

the ability of the macrophages to destroy infections (Neumann
et al., 2001). High levels of serum proteins, particularly globulin,
are thought to be a key sign of fish health and are linked to an
effective fish immune response (Asadi et al,, 2012).

As shown in Table 4, the results revealed a significant increase
in IgM (646.00+3.21) and IgG (708.67+78.28) in group 2, which
agrees with Secombes and Fletcher (1992) and Magnadottir
(2006) who noted that the fish's innate immune system is the
first and most fundamental line of defence against invading in-
fections. The main elements of the immune system are macro-
phages, monocytes, granulocytes, and humoral substances such
immunoglobulins. The findings concur with those of Panigrahia
et al. (2005), who proposed that dietary probiotics increase fish
immunoglobulin concentration via increasing total immunoglob-
ulin concentration. The increased overall immunoglobulin con-
centration could be explained by an improved immune response
brought on by the addition of L. acidophilus to the probiotic
groups.

Assessing the accelerated safety in immunostimulant-treat-
ed fish is crucial. In order to look at the disease resistance in
GT-fed tilapia, the authors of this study used the A. hydrophila
challenge and bactericidal activity. The outcomes showed an in-
crease in IgM (594.33+41.37) and CRP (67.67+6.10) of group (3)
in Table 4, believe that when GT levels increased, fish resistance
to A. hydrophila contamination increased, as reported by Pan et
al. (2003) and Farhoosh et al. (2007). Nutritional GT's immuno-
stimulant mechanism is unclear, although it may be caused by
one or more of the additives it contains, comprising glycosides,
phenolic acids, flavanols, flavanones, and the aglycones of plant
pigments. Effective herbal antioxidants are present in these ad-
ditions (Farhoosh et al., 2007; Wu et al., 2007; Rusak et al., 2008).
Antioxidants are known to protect biological components from
oxidative damage (Mohan et al., 2006). Similar outcomes were
made by Ardo et al. (2008).

The results indicated a slightly significant increase in total
protein and globulin (1.86+0.21) in the second groups as shown
in Table (4), compared with the control group that fed with the
basic diet. Which could be explained by the immuno-modulatory
effects of probac and amphibac diets on liver cells, which increase
the anabolic potential of the hepatocytes to produce blood pro-
teins, particularly globulin. The current findings were supported
by various writers (Ortuo et al.,, 2002) and were based on those of
Marzouk et al. (2008) and Chelladurai et al. (2013), who claimed
that the usage of probiotics significantly increased the level of
total protein in the body. It may be concluded that the use of the
increase of the aforementioned variables is responsible for the
rise in total protein and globulin in the treatment group. In the
verification of the aforementioned results.

Results from this study recorded that white blood cell count
was non-significantly increased in fish of the experimental groups
in comparison with the control (37.53+4.47) as shown in Table 4,
this in contrast with Panigrahi et al. (2005) who was a necessary
outcome as a result of probiotics’ immune system effects, which
may show up in white blood cell density and may boost phago-
cytosis.

CONCLUSION

We concluded from the data that adding Probax®, green tea,
and clove oil to Nile tilapia diets for three months can enhance
growth performance parameters and activate both its specific
and non-specific immunological parameters. Green tea is the
strongest of the groups before being exposed to Aeromonas hy-
drophila, and it becomes much more effective thereafter, accord-
ing to our findings.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

757



Ahmed M. Ammar et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 6, 753-759

REFERENCES

Abbott, S.L, Cheung, WK, Janda, J.M., 2003. The genus Aeromonas, bio-
chemical characteristics, atypical reactions, and phenotypic iden-
tification schemes. J. Clin. Microbial. 41, 2348-2357.

Abdel Rahman, AN., EIHady, M., Shalaby, S.I., 2019. Efficacy of the de-
hydrated lemon peels on the immunity, enzymatic antioxidant
capacity and growth of Nile tilapia (Oreochromis niloticus) and
African catfish (Clarias gariepinus). Aquaculture 505, 92-97.

Abdel Rahman, A.N., Khalil, A.A., Abdallah, H., EIHady, M., 2018b. The ef-
fects of the dietary supplementation of Echinacea purpurea ex-
tract and/or vitamin C on the intestinal histomorphology, phago-
cytic activity, and gene expression of the Nile tilapia. Fish Shellfish
Immunol. 82, 312-318.

Abdullahi, S.A., Abolude, D.S., Ega, RA. 2001. Nutrient quality of four
oven dried fresh water cat fish species in Northern Nigeria. J.
Trop. Biosci. 1, 70-76.

Alagawany, M., Farag, M.R,, Abdelnour, S.A,, Dawood, M.A.O., Elnesr, S.S.,
Dhama, K., 2021. Curcumin and its different forms: a review on
fish nutrition. Aquaculture 532, 736030.

Ardo, L., Yin, G., Xu, P., Varadi, L, Szigeti, G., Jeney, Z, Jeney, G., 2008.
Chinese herbs (Astragalus membranous and Lonicera japonica)
and boron enhance the non-specific immune response of Nile
tilapia (Oreochromis niloticus) and resistance against Aeromonas
hydrophila. Aquaculture 275, 26-33.

Asadi, M., Mirvaghefei, A., Nematollahi, M., Banaee, M. and Ahmadi, K.,
2012. Effects of Watercress (Nasturtium nasturtium) extract on
selected immunological parameters of rainbow trout (Oncorhyn-
chus mykiss). Open Vet. J., 2, 32-39.

Austin, B., Allen-Austin, D. A. Review 1985. Bacterial pathogens of fish. J.
Appl. Bacterial. 58, 483-506.

Balcazar, J.L, De Blas, |, Ruiz-Zarzuela, I, Cunningham, D., Vendrell, D.,
Muzquiz, J.L,, 2006. The role of probiotics in aquaculture. Veteri-
nary Microbiology 114, 173-186.

Borchardt, M.A.,, Stemper, M.E., Standridge, J.H., 2003. Aeromonas iso-
lates from human diarrheic stool and groundwater compared by
pulsed-field gel electrophoresis. Emerg Infect Dis. 9, 224-8.

Chaieb, K; Hajlaoui, H., Zmantar, T., Nakbi, K.A.B., Rouabhia, M., Mah-
douani, K, Bakhrouf, A, 2007. The chemical composition and
biological activity of clove essential oil, Eugenia caryophyllata
(Syzigium aromaticum L. Myrtaceae): a short review. Phytother.
Res. 21, 501-506.

Chakraborty, S.B., Horn, P., Hancz, C., 2014. Application of phytochemicals
as growth-promoters and endocrine modulators in fish culture.
Rev. Aquacult. 6, 1-19.

Chelladurai, G, Felicitta, J.,, Nagarajan, R., 2013. Protective effect of probi-
otic diets on hematobiochemical and histopathology changes of
Mystus montanus (Jordon 1849) against Aeromonas hydrophila. J.
Coastal Life Med. 1, 259-264.

Citarasu, T., Dhas, AK, Velmurugan, S., Viji T.V,, Kumaran, T., Babu, M.M.,
Selvaraj, T., 2011. Isolation of Aeromonas hydrophila from infect-
ed ornamental fish hatchery during massive outbreaks. Int. J.
Curr. Res. 2, 37-41.

Crespy, V., Williamson G., 2004. A review of the health effects of green
tea catechins in in vivo animal models. J. Nutr. 134, 3431-3440.

Dawood, M.A., Abdel-Tawwab, M., Abdel-Latif, H.M., 2020. Lycopene re-
duces the impacts of aquatic environmental pollutants and phys-
ical stressors in fish. Rev. Aquac. 12, 2511-2526.

Dawood, M.A.O., Koshio S., Esteban M.A., 2018. Benefcial roles of feed ad-
ditives as immunostimulants in aquaculture: a review. Rev. Aquac.
10, 950-974.

Doumas, B.T., Bayse, D.D., Carter, RJ., Peters, T., Schaffer, R., 1981. A can-
didate reference method for determination of total protein in
serum. |. Development and validation. Clin. Chem. 27, 1642-1650.

Duncan, D.B., 1955. Multiple Range and Multiple F-Test. Biometrics, 11,
1-42.

El-Haroun, E.R.,, Goda, A.S., Kabir Chowdhury, M.A., 2006. Effect of dietary
probiotic Biogen® supplementation as a growth promoter on
growth performance and feed utilization of Nile tilapia Oreochro-
mis niloticus. Aquaculture Res. 37, 1473-1480.

Ellis, A.E., 1990. Lysozyme assay. In: Stolen JS, Fletcher DP, Anderson BS,
Robertson BS, editors. Techniques in fish immunology. Fair Hav-
en, NJ: SOS Publication; 1990. p. 101-103.

El-Sayed, A.F.M., 2013. Tilapia feed management practices in sub-Saharan
Africa. In M.R. Hasan and M.B. New, eds. On-farm feeding and
feed management in aquaculture. FAO Fisheries and Aquaculture
Technical Paper No. 583. Rome, FAO. pp. 377-405.

Faber, T.A., Bechtel, P.J., Hernot, D. C,, Parsons, C.M., Swanson, K. S., Smi-
ley, S., Fahey, G.C., 2010. Protein digestibility evaluations of meat
and fish substrates using laboratory, avian, and illegally cannulat-

758

ed dog assays. J. Anim. Sci. 88, 1421-1432.

FAO (Food & Agriculture Organization), 2012. The State of World Fisher-
ies and Aquaculture, Sofia, pp. 1-2009.

Farhoosh, R., Golmovahhed, G.A., Khodaparast. M.H.H., 2007. Antioxidant
activity of various extracts of old tea leaves and black tea wastes
(Camellia sinensis L.). Food Chem. 100, 231-236.

Gaber, M., 2000. Growth response of Nile tilapia fingerlings (Oreochromis
niloticus) fed diets containing different levels of clove oil. Egypt.
J. Aquat. Res., 4, 1-18.

Geovany, G.R, Luis, B.J, Shen, M., 2007. Probiotics as control agents in
Aquaculture. J. Ocean China Univ. 6, 76-79.

Ghosh, S., Sinha, A., Sahu, C.,, 2008. Dietary probiotic supplementation in
growth and health of live-bearing ornamental fishes. Aquac Nutr.
14, 289-299.

Goda, AM.AS., 2008. Effect of dietary ginseng herb (Ginsana G115) sup-
plementation on growth, feed utilization, and hematological indi-
ces of Nile tilapia, Oreochromis niloticus (L.), fingerlings. J. World
Aquaculture Soc. 39, 205-214.

Giilgin, 1., EImastas, M., Aboul-Enein, H.Y., 2012. Antioxidant activity of
clove oil-A powerful antioxidant source. Arabian J. Chem. 5,
489-499.

Hrubec, T.C., Cardinale, J.L., Smith, S.A., 2000. Hematology and plasma
chemistry reference intervals for cultured tilapia (Oreochromis
Hybrid). Veterinary Clinical Pathology 29, 7-12.

Igor, V., Stanislav, K., 2000. Determination of C-reactive protein by turbi-
dimetric immunoassay (TIA) in sheep. Veterinarski Arhiv 70, 151-
157.

lwama, G., Nakanishi, T., 1987. The Fish Immune System, organism, Patho-
gen and Environment. Academic Press, San Diego, London, Bos-
ton, Schultz,L.A, Methods in clinical chemistry. The C.V. Mosby
Co. St.Louis, (1987), pp. 742-746.

Jauncey, K., Ross, B., 1982. A guide to Tilapia feeds and feeding. Univer-
sity of Stirling, Institute of Aquaculture Stirling, Scotland, United
Kingdom.

Jayant, M., Hassan, M.A,, Srivastava, P.P., Meena, D.K.,, Kumar, P., Kumar,
A., Wagde, M.S,, 2018. Brewer's spent grains (BSGs) as feedstuff
for striped catfish, Pangas anodon hypothalamus fingerlings: An
approach to transform waste into wealth. J. Clean. Prod. 199,
716-722.

Kari, Z.A., Kabir, M.A,, Dawood, M.A.O., Razab, M.K.AA., Ariff, NS.N.A,
Sarkar, T., Pati, S., Edinur, HA. Mat, K, Ismail, T.A, Wei, LS.,
2022. Effect of fish meal substitution with fermented soy pulp
on growth performance, digestive enzyme, amino acid profile,
and immune-related gene expression of African catfish (Clarias
gariepinus). Aquaculture 546, 737418.

Kozaki, S., Asao T., Kamata Y., Sakaguchi G., 1989. Characterization of
Aeromonas sobria hemolysin by use of monoclonal antibodies
against Aeromonas hydrophila hemolysins. J. Clin. Microbiol. 27,
1782-6.

Lin, H., Li, Z, Chen, Y., Zheng, W., Yang, K., 2006. Effect of dietary tradi-
tional Chinese medicines on apparent digestibility coefficients of
nutrients for white shrimp, Litopenaeus vannamei, Boone. Aqua-
culture 253, 495-501.

Magnadéttir, B., 2006. Innate immunity of fish (overview). Fish Shellfish
Immunol. 20, 137-151.

Mahmoud, M.M.,, El-Lamie, M.M., Dessouki, A.A., Yusuf, M.S., 2014. Effect
of turmeric (Curcuma longa) supplementation on growth perfor-
mance, feed utilization, and resistance of Nile tilapia (Oreochro-
mis niloticus) to Pseudomonas fluorescens challenge. Glob. Res. J.
Fish. Sci. Aquac. 1, 026-033.

Martin-Carnahan, A., Joseph, S.W., 2005. Genus |. Aeromonas. In: Bergey's
Manual of Systematic Bacteriology. Brenner D.J., Krieg, N.R,, Sta-
ley, J.R. eds., editor., New York, NY: Springer.

Marzouk, M.S., Moustafa, M.M., Mohamed, N.M., 2008b. Evaluation
of immunomodulatory effects of some probiotics on cultured
Oreochromis niloticus. 8" International symposium on tilapia in
aquaculture (Vol.1043). The central Laboratory for Aquaculture
Research. October 12-14, 2008, Cairo, Egypt.

Merrifield, D.L., Dimitroglou Foey, A., Davies, S.J., Baker, RT.M., Bogwald,
J., 2010. The current status and future focus of probiotic and pre-
biotic applications for salmonids. Review Aquaculture 302, 118.

Mohan, K., Khan, M., Shobha, J.C., Naidu, M.U., Prayag, A., Kuppusamy,
P., 2006. Protection against cisplatin-induced nephrotoxicity by
Spirulina in rats. Cancer Chemotherapy and Pharmacology 58,
802-808.

Nayak, S.K., 2010a. Probiotics and immunity: A fish perspective. Fish Shell-
fish Immunol 29, 2-14.

Neumann, N.F.,, Stafford, J.L, Barreda, D., Ainsworth, A.J., Belosevic, M.,
2001. Antimicrobial mechanisms of fish phagocytes and their role
in host defense. Dev. Comp. Immunol. 25, 807-825.



Ahmed M. Ammar et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 6, 753-759

Ortufio, J,, Cuesta, A, Rodri guez, A., Esteban, M.A., Meseguer, J., 2002.
Oral administration of yeast, Saccharomyces cerevisiae, enhanc-
es the cellular innate immune response of gilthead seabream
(Sparus aurata L.). Vet. Immunol. Immunopathol. 85, 41-50.

Pan, X., Niu, G,, Liu, H., 2003. Microwave-assisted extraction of tea poly-
phenols and tea caffeine from green tea leaves. Chemical Engi-
neering and Processing 42, 129-133.

Panigrahi, A., Kiron, V., Puangkaew, J., Kobayashi, T., Satoh, S., Sugita, H.,
2005. The viability of probiotic bacteria as a factor influencing the
immune response in rainbow trout Oncorhynchus mykiss. Aqua-
culture 243, 241-254.

Qiu, X. C,, Zhou, H.Q,, Hua, X.M,, Liu, X.G., Cao, D., 2004. The effect of di-
etary Chinese additives on digestibility of all gynogenetic crucian
carp. Journal of Xinyang 17, 54-56.

Rao, Y.V, Das, B.K, Jyotymayee, P., Chakraborli, R., 2006. Effect of Achy-
ranthes Aspera on the immunity and survival of labeo rohita in-
fected with Aeromonas hydrophila. Fish & Shellfish Immunol. 20,
263-273.

Razali, N.M., Wah, Y.B., 2011. Power comparisons of Shapiro-Wilk, Kolm-
ogorov Smirnov, Lilliefors and Anderson-Darling tests. J. Stat
Model Anal,, 2, 21-33.

Ringo E, Olsen R.E,, Gifstad T.O., Dalmo R.A.,, Amlund, H., Hemre G.I., 2010.
Prebiotics in aquaculture: a review. Aquacult. Nutr. 16, 117-136.

Rusak, G., Komes, D., Likic, S., Horzic, D., Kovac, M., 2008. Phenolic con-
tent and antioxidative capacity of green and white tea extracts
depending on extraction conditions and the solvent used. Food
Chem. 110, 852-858.

Salunke, G., Namshikar V., Gaonkar R., Gaonkar T., 2015. A case of Aer-
omonas hydrophila meningitis in septic shock. Trop. J. Med. Res.
18, 54.

Sanchez, CJ.G,; Velasco, R.R., Doctolero, J.S., 2019. Young turmeric (Cur-
cuma longa) tuber as feed additive for the growth and survival
of Nile tilapia (Oreochromis niloticus L.). Int. J. Fish. Aquat. Stud.
7,181-184.

SAS (SAS/STAT Statistic), 2012. Statistical analytical system, 5th rev ed.
Cary, NC, USA: SAS Institute Inc.

Saurabh, S., Sahoo, P., 2008. Lysozyme: an important defense molecule of
fish innate immune system. Aquac. Res. 39, 223-239.

Secombes, C.J., Fletcher, T.C.,, 1992. The role of phagocytes in the protec-
tive mechanisms of fish. Annual Review of Fish Diseases 2, 53-71.

Siddiqui, A.Q., Howlader, M.S., Adam, A.A., 1988. Effects of dietary protein
levels on growth, feed conversion and protein utilization in fry
and young Nile Tilapia (Oreochromis niloticus). Aqua. 70, 63-73.

Soni, A, Dahiya, P., 2014. Phytochemical analysis, antioxidant and antimi-
crobial activity of Syzygium caryophyllatum essential oil. Asian J.
Pharm. Clin. Res. 7, 202-205.

Sreeremya, S., 2017. Identification, Characterization, Antibiotic Resistance
of Aeromonas hydrophila in Chicken Intestine. IRE Journals. 1,
19-22.

Stoskopf, M., 1993. Fish medicine, WB Saunders Company. Philadelphia,
London, Toronto, Montreal, Sydney, Tokyo, (1993) pp. 113-131
and 149-159.

Studnicka, M., Siwicki, A.K., Ryka, B., Phayka, B., 1985. Phagocytic ability of
neutrophils in carp. Bamidgeh 37, 123-128.

Surette, M.E., 2008. The science behind dietary omega-3 fatty acids. Can.
Med. Assoc. J., 178, 177-180.

Sveier, H., Raae, AJ., Lied, E., 2000. Growth and protein turnover in Atlan-
tic salmon (Samo salar L.); the effect of dietary protein level and
protein particle size. Aqua. 185, 101-120.

Tahoun, A.B., Ahmed, H.A., Abou Elez R.M., EI-Gedawy A.A., Elsohaby, I.,
Abd El-Ghafar, A.E., 2018. Molecular characterization, genotyping
and survival of Aeromonas hydrophila isolated from milk, dairy
products and humans in Egypt. Int. Dairy J., 63, 52-58.

Umesha, D., Srinivasa Rao, P., Pani Prasad, K., Reddy A.K, Srinivas, K.N.,
2011. Aerolysin and hemolysin virulence genes of Aeromonas
hydrophila isolated from diseased ornamental freshwater Oscar
fish and goldfish by Polymerase Chain Reaction. Int. J. Adv. Sci.
Technol. 3, 82-9.

Wamala, S.P., Mugimba, KKK, Mutoloki, S., Evensen, @., Mdegela, R.
Byarugaba D.K., Sgrum, H., 2018. Occurrence and antibiotic sus-
ceptibility of fish bacteria isolated from Oreochromis niloticus
(Nile tilapia) and Clarias gariepinus (African catfish) in Uganda.
Fish Aquatic Sci. 21, 6.

Windell, J.T., Foltz, JW., Sarokon, J.A,, 1978. Methods of faecal collection
and nutrient leaching in digestibility studies. Prog. Fish cult., 40,
51-55.

Wu, S.C,, Yen, G.C,, Wang, B.S., Chiu, CK, Yen, W.J,, Chang, LW., Duh, P.D.,
2007. Antimutagenic and antimicrobial activities of pu-erh tea.
LWT. 40, 506-512.

Yogananth, N., Bhakyaraj, R., Chanthurua, Anbalagan, T., Nila, K.M., 2009.
Detection of Virulence Gene in Aeromonas hydrophila lsolated
from Fish Samples Using PCR Technique. Global J. Biotech. Bio-
chem. 4, 51-3.

Young, H.K, 1993. Antimicrobial resistance spread in aquatic environ-
ments. J. Antimicrob. Chem. 31, 627-635.

759



