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Abstract

This study provided a preliminary framework for the effects
of Origanum vulgare L. essential oil (EO) supplementation on
growth performance, serum biochemical parameters as well as liver
and kidney function of Nile tilapia (Oreochromis niloticus)
throughout a feeding study of 60 days. A total of 60 O. niloticus with
an average body weight of 14.2-15.1 g were split into two groups for
the trial (10 fish/aquarium/3 replicate). The first (control) group was
fed a basal diet without any supplementation, and the second
(Ropadiar) group was fed a basal diet including 2% Ropadiar. The
body weight, weight gain, liver enzymes, total protein, albumin,
globulin, and creatinine levels were estimated. A significant
improvement in body weight, weight gain, liver enzymes, total
protein, albumin, creatinine, and globulin levels was seen in the 2%
Ropadiar-treated group than in the control group. Thus, the
incorporation of dietary oreganum essential oil 2% in the diet of Nile
tilapia is recommended to improve growth performance, serum
biochemical parameters, as well as liver and kidney function
biomarkers.
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Introduction

Nearly half of the fish consumed by
humans globally today is produced
by the aquaculture industry. From
the hatchery to the final commercial

stage, the aquaculture sector works
with a variety of stressful
circumstances that may jeopardise
the welfare of the target species,
including handling, confinement,
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transport, and other processes (El
Basuini et al., 2020; Sanchez-
Muros et al., 2017). The primary
method used in Egypt to improve
the aquaculture sector has been
vertical growth, which involves
maximizing the output of planted
areas through intensification of
farming. However, vertical
development has a number of
disadvantages, including stress
factors that lead to infectious
diseases and epidemics, such as
high densities, poor water quality,
and elevated ammonia levels (Ali et
al., 2018).

Antibiotic use in animal production,
notably in aquaculture, has become
more cautious due to bacterial
resistance and antibiotic residues
(Cabello, 2006; Navarrete et al.,
2009). This sparked investigation
into  antibiotic  substitutes. In
aquaculture, phytogenic extracts
stand out as potential replacements
for synthetic drugs because, when
administered properly, they deliver

beneficial  biologically  active
metabolites with a range of
advantages, including  immune

modulation (Sevdan Yilmaz, 2019;
Yilmaz & Ergiin, 2018; Zanuzzo et
al.,, 2015), growth promotion,
antioxidant enhancement, digestive
enhancement, appetite stimulation,
(Gabriel et al., 2015; P. Zhang et
al.,, 2010) and hepatoprotective
effects as well (S. Yilmaz et al.,
2014), if properly administered.

Highly  concentrated, fragrant
volatile oils of plants that are
derived from aromatic plants appear
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to be a natural substitute for
antibiotics (Calsamiglia et al.,
2007), highly concentrated,
aromatic volatile oils of plant origin
are extracted via steam distillation,
hydro-diffusion, or pressure. These
oils contain a variety of chemical
components (Manion & Widder,
2017). Essential oils' antimicrobial
properties can be applied to the
food sector, pharmaceuticals, and
alternative medicine (Tarek et al.,
2014) .

The primary source of oregano
essential oil is Origanum vulgare
L., and it has a high level of
functionality as a therapeutic extract
in aquaculture (Alagawany et al.,
2020). In aquatic animals, oregano
essential oil plays antibacterial,
anti-inflammatory,  antioxidative,
and immunological modulating
activities due to its high content of
carvacrol and thymol (Hernandez-
Nava et al., 2020). Aquaculture Koi
carp (Cyprinus carpio) showed
better growth performance, immune
system, and anti-oxidative reactions
in response to dietary oregano
essential oil (R. Zhang et al., 2020),
as well as in Nile tilapia (O.
niloticus) (Heluy et al., 2020;
Shourbela et al., 2021).
Significantly,  consumption  of
oregano essential oil increased
resistance to farming stressors such
high  ammonia  accumulation,
intensive  stocking density, and
bacterial infection (Shourbela et
al., 2021).

The purpose of this study is to
examine any potential effects of
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oreganum essential oil on fish body
weight and biochemical parameters
such as total protein (TP), albumin
(ALB), creatinine, and serum
transaminases such as glutamate
pyruvate transaminase (GPT) and
glutamic oxaloacetic transaminase
(GOT).

Materials and Methods
Experimental diet

Commercial basal diet was obtained
from SKRETTING®, Egypt has
30% crude protein, 6.1% Crude fat
% and 4.8 % Crude fibers with
energy 4000 Kcal where grind into
fine powder and supplemented with
2% Ropadiar (Origanum
vulgare L.) containing 20%
oreganum oil in diet. The dough
was electronically minced into
pellets, and then it was air dried.
Until they were consumed, the
prepared diets were kept in the
refrigerator at 4°C until used.
Experimental design

A total number of 60 apparently
healthy of O. niloticus with an
average body weight 14.2-15.1 gm
were divided into two groups and
reared in 6 glass aquaria each
contained 10 fish with triplicate (10
fish/ aquarium/3 replicate) where
the first group was fed the basal diet
as control (C) and the second group
was fed basal diet supplemented
with 2% Ropadiar® (R). For 60
days, the fish were fed at a rate of
3% of their body weight. Fish were
weighed at the beginning of the
experiment, after 30 days, and after
60 days. Subtracting the end weight

from the baseline weight allowed us
to determine the weight gain at 30
and 60 days.

Sampling

At 30 and 60 days of experiment,
blood samples were collected from
the caudal vein of anesthetized fish
with clove oil solution (12.5 mg/L)
(Javahery et al., 2012) and was left
in a plain centrifuge tube without
anticoagulant in order to clot and
get sera. The clotted blood was kept
in refrigerator for 30 minutes then
centrifuged at 2000 rpm for 15 min
at  room  temperature, the
supernatant serum was collected
and stored at -80°C in screw capped
vials until used for biochemical
tests.

Serum biochemical examinations
Serum transaminases; glutamate
pyruvate transaminase (GPT), and
glutamic oxaloacetic transaminase
(GOT) were measured using
Biodiagnostic Co., Egypt kits. Both
total protein (TP) and albumin
(ALB) were measured using
Diamond-diagnostic  kits, Egypt.
Creatinine was measured using
calorimetric kit purchased from
Biodiagnostic Co., Egypt.
Statistical analysis

T-tests were used to evaluate the
data from the current study in order
to assess for significance among the
groups that were being studied

(Snedecor & Cochran, 1989).
Software such as  Statistical
Analysis System (SAS Institute

2003) and SPSS for Windows
(SPSS version 20) were used to
conduct the statistical analysis
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Results

Body weight and weight gain
Growth performance parameters of
tilapia fed with 2% Ropadiar during
feeding period (60 days) were
shown in table (1). The body
weights at 30and 60 days of
experimental  period  exhibited
significant (P < 0.05) increase in
Ropadiar group than control. The
body weight gains at 30 and 60 days
of experimental period exhibited
significant (P < 0.05) increase in
Ropadiar group than control.

Serum biochemical parameters
Serum biochemical parameters of
Nile tilapia fed 2% Ropadiar during

Table 1. Effect of Ropadiar on body wei

feeding period (60 days) were
displayed in table (2). After 30 and
60 days of feeding period, GPT
level was significantly (P < 0.05)
decreased in Ropadiar group than
the control group. On the same
trend, GOT was significantly (P <
0.05) decreased in Ropadiar group
than the control at 30 and 60 days
of experiment. On the other side,
both serum TP and ALB were
increased significantly (P < 0.05) as
compared to the control at 30 and
60 days of experiment. Serum
creatinine level, revealed non-
significant variation at 30 and 60
days of feeding period.

ght and weight gain of Nile tilapia.

Parameter Duration Control group Ropadiar group
Initial weight 0 14.2+0.05 14.05+0.13
. 30 days 42.43+0.66 46.55+0.70"
Body weight (g) 60 days 64.30+0.86 72.65+0.38"
. . 30 days 28.23+0.61 32.50+0.57"
Weight gain (g) 60 days 50.10£0.59 58.60+0.25 "

The data was represented as mean +SE. Superscripts *was statistically significant at (P < 0.05).
Table 2. Effect of Ropadiar on serum biochemical parameters of Nile tilapia

Parameters Days Control group Ropadiar group
Creatinine (mg/dL) 28 gi; J;r 88; 8?1421 i 882
— 0 19772073 T
— 0 ii2152% B3 £217
e
T —mameean
SLo@AL) 0 Lorsom Iersolr

The data was represented as mean +SE. superscripts *was statistically significant at (P < 0.05).

Discussion

Aquaculture has made extensive use
of phytogenic feed additives
because of their beneficial effects
on fish development rates.

Additionally, these additives don't
harm fish health in any way
(Menanteau-Ledouble et al.,
2015).The current study examined
the effects of oreganum essential oil
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2%, a commercial product sold as
Ropadiar, as a feed supplement on
the growth performance, liver
function, and kidney function of
Nile tilapia.

The current study found that
Ropadiar has beneficial effects on
body weight and weight increase in
terms of both weight loss and
weight gain. These findings were in
line with those of Ayoub et al.
(2021) and Shourbela et al. (2021)
who suggested that Oreganum
essential oil may regulate the
secretion of hormones and digestive
enzymes, stimulate the immune
system, interact synergistically with
the gut microbiota, and have
antibacterial and antioxidant
properties. Increased digestibility,
vitamin absorption, and protein
conversion may be the results of all
these effects (Castafieda-Monsalve
etal., 2019).

Contrary findings were reported by
Cararo et al. (2017) who claimed
that food supplementation with
oregano essential oil was ineffective
for  enhancing the  growth
performance of juvenile Silver
catfish. Similarly, feeding oregano
essential oil to juvenile Nile tilapia
(Oreochromis niloticus) had no
impact on  growth  metrics
(Campagnolo et al.,
2013).Additionally, essential oils'
capacity to stimulate appetite due to
their distinct scent and flavor,
which results in greater voluntary
feed intake and improved weight
gain, may be the cause of their

growth-promoting effects (Abdel-
Latif & Khalil, 2014).

Additionally, the bioactive
phytochemicals  carcacrol  and
thymol present in  oreganum

essential oil may increase the
secretion of digestive enzymes,
resulting in an increase in food
intake (R. Zhang et al., 2020),
improved enzymes vital activity
(Puvaca, Stanacev, Glamocié,
Levi¢, Perié, & Milié, 2013), a
decrease in the number of
dangerous microorganisms in the
gastrointestinal tract (Dawood et
al., 2021), protected the mucosal
layer and enhanced the permeability
of digested nutrients in the
gastrointestinal tract (Heluy et al.,
2020).

As several fish species are
supplemented with herbal
compounds, information about the
health of the fish is vital to know
from their biochemical profiles
(Abdel-Tawwab et al., 2015).The
analysis of biochemical blood
indicators has an emphasis on
physiological state, health status,
response to stressors and external
stimuli, and disease resistance. To
assess potential harm to the
hepatocytes or liver tissue, the GPT
and GOT enzymes are frequently
elevated in response to exposure to
pollution or hazardous substances
(Zadmajid & Mohammadi, 2017).
The breakdown of mitochondria
caused by swollen hepatic tissue
and muscle injury is what is
responsible for the elevated GOT
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enzyme activity in the plasma
(Eslami & Bahrekazemi, 2019).
While GOT can be found in the
liver, heart, muscle, brain, and
kidney, GPT is a particular hepatic
enzyme (Petricevich, 2010).The
present findings, which were in
agreement with those of Fawzy I
Magouz et al. (2022a) and
Shourbela et al. (2021) who
showed a considerable reduction in
GOT and GPT following Ropadiar
feeding. The active components of
oreganum oil, thymol and carvacrol,
which enhance antioxidant reserve
and reduce oxidative load in several
body organs, may be responsible for
Ropadiar's lower GPT (Abdel-Latif
& Khalil, 2014). This outcome was
consistent with the growth that was
encouraged by Oreganum EO,
which may also stimulate the
release of digestive enzymes and
other enzymatic processes
(Hernandez et al., 2004; Puvaca,
Stanacev, Glamocié, Levi¢, Perié,
Stanacev, et al., 2013). On the other
hand, Abdel-Latif et al. (2020)
reported that supplementing
common carp (Cyprinuscarpio L.)
fingerlings with Oreganum oil for
two months did not significantly
change the activity of liver
enzymes.

Serum TP is a critical sign of the
humoral defense system since it
serves as a broad biomarker for all
protective enzymes, stress
hormones, and metabolites
circulating in the body's essential
fluid (Shiry et al., 2019).Any stress
that creates this scenario may

Salah M. Aly et al.

change the total protein levels
because changes in plasmatic
volume are what primarily cause
changes in serum TP concentration
(Melo et al., 2009). Low quantities
of TP, a marker of protein
metabolism, may be present in
conditions affecting the liver (John,
2007). According to our findings,
serum TP levels significantly
increased in treated group as
compared to the control group. Our
results concerning Ropadiar
influence on TP were got by
Haghighi et al. (2018) who reported
that the dietary supplementation of
dried Oreganum vulgare extract in
fish diets significantly enhanced TP
values with respect to the control
group.

TP elevation may be due to
improving liver and other organs
functions, which synthesized serum
protein (Metwally, 2009) as well as
the contribution of important liver
defense protein molecules (Hoseini
& Yousefi, 2019) and antibodies
(Devi et al., 2019) like agglutinins,
lecithins, and immunoglobulins

which are important defense
molecules.

By conveying numerous external
substances, endogenous
metabolites, and some

immunological parameters against
infections, including ALB and GLO
aids in maintaining the osmotic
balance (Jha et al., 2007). The most
significant protein in plasma, ALB,
has been implicated in regulating
osmotic pressure and reducing the
effects of medicines, toxic metals,
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and other substances. This may
indicate that the active principles of
the therapies, which enhanced ALB
production, may have potential
hepatic-promoting effects
(Mirghaed et al., 2017).

The increased production of
protective molecules is suggested
by the possibility that the high ALB
levels will sustain osmotic pressure
and neutralize poisons (Abdel-
Tawwab & El-Araby, 2021).
According to the current study, the
Ropadiar group's ALB and GLO
levels were significantly higher than
those in the control group.
According to researchers, having
more GLO in blood serum is an
indication of health and immunity
(Kumar et al., 2005; Misra et al.,
2006; Rao et al., 2004). 1t is
considered that an increase in GLO
in the blood is directly related to the
generation of immunoglobulins
(Rao et al., 2004). In fish fed a
herbal ~ immunostimulant,  past
investigations have found elevated
TP or immunoglobulin levels
(Yonar, 2019).

Serum creatinine is filtered out by
kidneys (glomerular filtration) and
blood levels rise in severe kidney
dysfunction (Kulkarni &
Pruthviraj, 2016). Serum creatinine
levels were significantly decreased
in Ropadiar 2% fed group. Our
results were similar to Abdel-Latif
et al. (2020) who reported that
oreganum oil improved serum
creatinine in common carp fed
oreganum oil. Opposite to these
results of Fawzy I. Magouz et al.

(2022b) reported that organum oil
had no effect on serum creatinine
level of Nile tilapia fed oreganum
essential oil. The effectiveness of
thymol and carvacrol in Oreganum
oil of Ropadiar as potent
antioxidants preserving the healthy
kidney structure may be responsible for
this outcome (Abdel-Latif et al. 2020).

Conclusion

The incorporation of dietary
oreganum essential oil 2% in the
diet of Nile tilapia is recommended
to improve body weight as
evidenced by improved biochemical
parameters such as decreased GPT,
GOT and creatinine while increased
TP, ALB and GLO.

References

Abdel-Latif, H. M., Abdel-
Tawwab, M., Khafaga, A. F., &
Dawood, M. A. (2020). Dietary
oregano essential oil improved the
growth performance via enhancing
the intestinal morphometry and hepato-
renal functions of common carp
(Cyprinus carpio L.) fingerlings.
Aquaculture, 526, 735432.
Abdel-Latif, H. M., & Khalil, R.
H. (2014). Evaluation of two
Phytobiotics, Spirulina platensis
and Origanum vulgare extract on
Growth, Serum antioxidant
activities and Resistance of Nile
tilapia (Oreochromis niloticus) to
pathogenic  Vibrio alginolyticus.
International Journal of fisheries
and Aquatic studies, 1(5), 250-255.
Abdel-Tawwab, M., & El-Araby,
D. A. (2021). Immune and



426

antioxidative effects of dietary
licorice (Glycyrrhiza glabra L.) on
performance of Nile tilapia,
Oreochromis niloticus (L.) and its
susceptibility to Aeromonas hydrophila
infection. Aquaculture, 530, 735828.
Abdel-Tawwab, M., Sharafeldin,
K. M., Mosaad, M. N., & Ismaiel,
N. E. (2015). Coffee bean in
common carp, Cyprinus carpio L.
diets: effect on growth performance,
biochemical status, and resistance to
waterborne zinc toxicity.
Aquaculture, 448, 207-213.
Alagawany, M., Farag, M. R.,
Salah, A. S., & Mahmoud, M. A.
(2020). The role of oregano herb
and its derivatives as
immunomodulators in fish. Reviews
in Aquaculture, 12(4), 2481-2492.
Ali, N., Aboyadak, I., & Gouda,
M. (2018). Rapid detection and
control of Gram negative bacterial
pathogens isolated from summer
mortality outbreak affecting tilapia
farms. Journal of Biological
Sciences, 19(1), 24-33.

Ayoub, M., Ahmed, H., Noseir,
M., Shaaban, S., & Abou Shehata,
M. (2021). Potentiality of oregano
essential oils as a growth
modulator, immune enhancer and
natural antioxidative in  mite
infested Newzealand white rabbits.
Damanhour Journal of Veterinary
Sciences, 7(1), 1-7.

Cabello, F. C. (2006). Heavy use of
prophylactic antibiotics in
aquaculture: a growing problem for
human and animal health and for
the environment. Environmental
microbiology, 8(7), 1137-1144.

Salah M. Aly et al.

Calsamiglia, S., Busquet, M.,
Cardozo, P., Castillejos, L.,
Ferret, A., & Fandino, 1. (2007).
The use of essential oils in ruminants
as modifiers of rumen microbial
fermentation. structure, 100(5).
Campagnolo, R., Freccia, A,
Bergmann, R. R., Meurer, F., &
Bombardelli, R. A. (2013). Oleos
essenciais na alimentacdo de
alevinos de tilapia do Nilo. Revista
Brasileira de Saude e Producéo
Animal, 14, 565-573.

Cararo, L. M. Sado, R. Y,
Muelbert, B., & de Borba, M. R.
(2017). Evaluation of oregano

essential oil as a growth promoter
and resistance stimulator against
Ichthyophthirius multifiliis (Protozoa,
Ciliophora) in silver catfish juveniles,
Rhamdia sp.(Siluriformes,
Heptapteridae). Semina:  Ciéncias
Agrarias, 38(6), 3871-3885.

Castafieda-Monsalve, V. A,
Junca, H., Garcia-Bonilla, E.,

Montoya-Campuzano, O. I., &
Moreno-Herrera, C. X. (2019).
Characterization of the

gastrointestinal bacterial
microbiome of farmed juvenile and
adult white Cachama (Piaractus
brachypomus). Aquaculture, 512,
734325. doi: https://doi.org/
10.1016/j. aquaculture.2019.734325
Dawood, M. A., El Basuini, M. F.,
Zaineldin, A. I, Yilmaz, S,
Hasan, M. T., Ahmadifar, E., El
Asely, A. M., Abdel-Latif, H. M.,
Alagawany, M., & Abu-Elala, N.
M. (2021). Antiparasitic and
antibacterial functionality  of
essential  oils:  An alternative



SCVMJ, XXVII (2) 2022

427

approach for sustainable
aquaculture. Pathogens, 10(2), 185.
Devi, G., Harikrishnan, R., Paray,
B. A. Al-Sadoon, M. K,
Hoseinifar, S. H., &
Balasundaram, C. (2019). Effect
of symbiotic supplemented diet on
innate-adaptive immune response,
cytokine gene regulation and
antioxidant property in Labeo rohita
against Aeromonas hydrophila. Fish &
shellfish immunology, 89, 687-700.

El Basuini, M. F., Teiba, I. I,
Zaki, M. A. A., Alabssawy, A. N.,
El-Hais, A. M., Gabr, A. A,
Dawood, M. A. O., Zaineldin, A.
I., Mzengereza, K., Shadrack, R.
S., & Dossou, S. (2020). Assessing
the effectiveness of CoQ10 dietary
supplementation on growth
performance, digestive enzymes,
blood health, immune response, and
oxidative-related genes expression of
Nile tilapia (Oreochromis niloticus).
Fish & Shellfish Immunology, 98, 420-
428. doi:  https://doi.org/10.1016/
j.£5i.2020.01.052

Eslami, M., & Bahrekazemi, M.
(2019). Effects of levamisole,
echinacea, and thyme oral
administration on growth factors,
blood parameters, and immunity in
beluga, Huso huso. Journal of
Applied Aquaculture, 31(1), 68-84.

Gabriel, N. N., Qiang, J., Ma, X.
Y., He, J, Xu, P., & Liu, K.
(2015). Dietary Aloe vera improves
plasma lipid profile, antioxidant,
and  hepatoprotective  enzyme
activities in GIFT-tilapia
(Oreochromis  niloticus)  after
Streptococcus iniae challenge. Fish

physiology and biochemistry, 41(5),
1321-1332.

Haghighi, M., Pourmoghim, H.,
& Rohani, M. S. (2018). Effect of
Origanum  vulgare extract on
immune responses and
heamatological parameters of rainbow
trout (Oncorhynchus mykiss).
Oceanography & Fisheries Open
Access Journal, 6(3), 71-76.

Heluy, G. M., Ramos, L. R. V.,
Pedrosa, V. F., Sarturi, C,
Figueiredo, P. G. P., Vidal, L. G.
P., Franca, I. d. F., & Pereira, M.
M. (2020). Oregano (Origanum
vulgare) essential oil as an additive
in diets for Nile tilapia (Oreochromis
niloticus)  fingerlings  reared in
salinized water. Aquaculture Research,
51(8), 3237-3243.

Hernandez-Nava, R., LoOpez-
Malo, A., Palou, E., Ramirez-
Corona, N., & Jiménez-Munguia,
M. T. (2020). Encapsulation of
oregano essential oil (Origanum
vulgare) by complex coacervation
between gelatin and chia mucilage
and its properties after spray drying.
Food Hydrocolloids, 109, 106077.
Hernandez, F., Madrid, J,
Garcia, V., Orengo, J., & Megias,
M. (2004). Influence of two plant
extracts on broilers performance,
digestibility, and digestive organ size.
Poultry science, 83(2), 169-174.
Hoseini, S. M., & Yousefi, M.
(2019). Beneficial effects of thyme
(Thymus vulgaris) extract on
oxytetracycline-induced stress
response, immunosuppression,
oxidative stress and enzymatic
changes in rainbow  trout



428

(Oncorhynchus mykiss). Aquaculture
nutrition, 25(2), 298-3009.

Javahery, S., Nekoubin, H., &
Moradlu, A. H. (2012). Effect of
anaesthesia with clove oil in fish.
Fish  physiology  biochemistry,
38(6), 1545-1552.

Jha, A. K, Pal, A, Sahu, N.,
Kumar, S., & Mukherjee, S.
(2007).  Haemato-immunological
responses to dietary yeast RNA, o-
3 fatty acid and B-carotene in Catla
catla juveniles. Fish & shellfish
immunology, 23(5), 917-927.

John, P. J. (2007). Alteration of
certain  blood parameters of
freshwater teleost Mystus vittatus
after chronic exposure to Metasystox
and Sevin. Fish physiology and
Biochemistry, 33(1), 15-20.

Kulkarni, R., & Pruthviraj, C.
(2016). PLASMA CORTISOL
LEVELS IN TWO TYPES OF
FRESH WATER CARP FISHES,
Labeo rohita AND Cirrhanus mrigala
COLLECTED IN WILD. Journal of
Global Biosciences, 5(9), 4598-4602.
Kumar, S., Sahu, N., Pal, A,
Choudhury, D., Yengkokpam, S.,
& Mukherjee, S. (2005). Effect of
dietary carbohydrate on
haematology, respiratory  burst
activity and histological changes in
L. rohita juveniles. Fish & shellfish
immunology, 19(4), 331-344.
Magouz, F. I, Amer, A. A,
Faisal, A, Sewilam, H.,
Aboelenin, S. M., & Dawood, M.
A. (2022a). The effects of dietary
oregano essential oil on the growth
performance, intestinal  health,
immune, and antioxidative responses

Salah M. Aly et al.

of Nile tilapia under acute heat stress.
Aquaculture, 548, 737632.

Magouz, F. 1., Amer, A. A,
Faisal, A, Sewilam, H.,
Aboelenin, S. M., & Dawood, M.
A. O. (2022b). The effects of
dietary oregano essential oil on the
growth  performance, intestinal
health, immune, and antioxidative
responses of Nile tilapia under acute
heat stress. Aquaculture, 548,
737632. doi:
https://doi.org/10.1016/j.aquacultur
e.2021.737632

Manion, C. R., & Widder, R. M.
(2017). Essentials of essential oils.
American Journal of Health-System
Pharmacy, 74(9), e153-e162.

Melo, D., Oliveira, D., Melo, M.,
Junior, D., Teixeira, E., &
Guimardes, S. (2009). Proteic
electrophoretic profile of chitralada
tilapia nilotic (Oreochromis
niloticus), exposed to hypoxia
chronic stress. Arquivo Brasileiro
de  Medicina  Veterinaria e
Zootecnia, 61(5), 1183-1190.
Menanteau-Ledouble, S., Krauss,
l., Santos, G., Fibi, S., Weber, B.,
& El-Matbouli, M. (2015). Effect
of a phytogenic feed additive on the
susceptibility of Onchorhynchus
mykiss to Aeromonas salmonicida.
Diseases of aquatic organisms,
115(1), 57-66.

Metwally, M. (2009). Effects of
garlic (Allium sativum) on some
antioxidant activities in tilapia
nilotica (Oreochromis niloticus).
World Journal of fish and marine
sciences, 1(1), 56-64.



SCVMJ, XXVII (2) 2022

429

Mirghaed, A. T., Ghelichpour,
M., Hoseini, S. M., & Amini, K.
(2017). Hemolysis interference in
measuring fish plasma biochemical
indicators. Fish Physiology and
Biochemistry, 43(4), 1143-1151.

Misra, S., Sahu, N., Pal, A,
Xavier, B., Kumar, S., &
Mukherjee, S. (2006). Pre-and
post-challenge immuno-

haematological changes in Labeo
rohita juveniles fed gelatinised or
non-gelatinised carbohydrate with
n-3 PUFA. Fish & shellfish
immunology, 21(4), 346-356.
Navarrete, P., Magne, F.
Mardones, P., Riveros, M.,
Opazo, R., Suau, A., Pochart, P.,
& Romero, J. (2009). Molecular
analysis of intestinal microbiota of
rainbow  trout  (Oncorhynchus
mykiss). FEMS  microbiology
ecology, 71(1), 148-156.
Petricevich, V. L. (2010). Scorpion
venom and the inflammatory response.
Mediators of inflammation, 2010.

Puvaca, N., Stanacev, V.,
Glamoci¢, D., Levié, J., Perié, L.,
& Milié, D. (2013). Beneficial
effects of phytoadditives in broiler
nutrition. World's Poultry Science
Journal, 69(1), 27-34.

Puvaca, N., Stanaéev, V.,
Glamoci¢, D., Levié, J., Perié, L.,
Stanacdev, V., & Mili¢, D. (2013).
Beneficial effects of phytoadditives
in broiler nutrition. World's Poultry
Science Journal, 69(1), 27-34.

Rao, Y. V., Romesh, M., Singh,
A., & Chakrabarti, R. (2004).
Potentiation of antibody production
in Indian major carp Labeo rohita,

rohu, by Achyranthes aspera as a
herbal feed ingredient. Aquaculture,
238(1-4), 67-73.

Sanchez-Muros, M. J., Sanchez,
B., Barroso, F. G., Toniolo, M.,
Trenzado, C. E.,, & Rus, A. S.
(2017). Effects of rearing conditions
on behavioural responses, social
Kinetics and physiological
parameters in gilthead sea bream
Sparus aurata. Applied Animal
Behaviour Science, 197, 120-128.
Shiry, N., Soltanian, S., Shomali,
T., Paknejad, H., & Hoseinifar, S.
H. (2019). Immunomodulatory
effects of orally administrated
florfenicol in  rainbow  trout
(Oncorhynchus mykiss) following
experimental challenge with
streptococcosis/lactococcosis.
International  Immunopharmacology,
73, 236-245.

Shourbela, R. M., El-Hawarry,
W. N., Elfadadny, M. R., &
Dawood, M. A. (2021). Oregano
essential oil enhanced the growth
performance, immunity, and
antioxidative status of Nile tilapia
(Oreochromis  niloticus)  reared
under intensive systems.
Aquaculture, 542, 736868.
Snedecor, G., & Cochran, W.
(1989). Statistical methods 8th
ed.,(pp. 235-236): Ames, IA: lowa
State University Press.

Tarek, N., Hassan, H. M.,
AbdelGhani, S. M. M., Radwan,
I. A, Hammouda, O., & El-
Gendy, A. O. (2014). Comparative
chemical and antimicrobial study of
nine essential oils obtained from
medicinal plants growing in Egypt.



430

Beni-Suef University Journal of
Basic and Applied Sciences, 3(2),
149-156. doi: https://doi.org/10.1016/
j.bjbas.2014.05.009

Yilmaz, S. (2019). Effects of
dietary caffeic acid supplement on
antioxidant, immunological and
liver gene expression responses, and
resistance  of  Nile tilapia,
Oreochromis niloticus to
Aeromonas veronii. Fish & shellfish
immunology, 86, 384-392.

Yilmaz, S., & Ergiin, S. (2018).
Trans-cinnamic acid application for
rainbow  trout  (Oncorhynchus
mykiss): . Effects on
haematological, serum biochemical,
non-specific immune and head
kidney gene expression responses. Fish
& shellfish immunology, 78, 140-157.

Yilmaz, S., Ergun, S., Kaya, H., &
Gurkan, M. (2014). Influence of
Tribulus terrestris extract on the
survival and histopathology of
Oreochromis mossambicus (Peters,
1852) fry before and after
Streptococcus  iniae infection.
Journal of Applied Ichthyology,
30(5), 994-1000. doi:
10.1111/jai.12458
Yonar, S. M. (2019). Growth
performance, haematological
changes, immune response,
antioxidant activity and disease
resistance  in  rainbow  trout
(Oncorhynchus  mykiss) fed diet

Salah M. Aly et al.

supplemented with ellagic acid. Fish &
shellfish immunology, 95, 391-398.
Zadmajid, V., & Mohammadi, C.
(2017). Dietary thyme essential oil
(Thymus vulgaris) changes serum
stress markers, enzyme activity, and
hematological parameters in gibel
carp (Carassius auratus gibelio)
exposed to silver nanoparticles.
Iranian  Journal of Fisheries
Sciences, 16(3), 1063-1084.
Zanuzzo, F. S., Urbinati, E. C,,
Rise, M. L., Hall, J. R., Nash, G.
W., & Gamperl, A. K. (2015).
Aeromonas salmonicida induced
immune gene expression in Aloe
vera fed steelhead trout,
Oncorhynchus mykiss (Walbaum).
Aquaculture, 435, 1-9. doi:
https://doi.org/10.1016/j.aquacultur
e.2014.09.010

Zhang, P., Zhang, X, Li, J., &
Gao, T. (2010). Effect of refeeding
on the growth and digestive enzyme

activities of Fenneropenaeus
chinensis juveniles exposed to
different  periods of  food
deprivation. Aguaculture

International, 18(6), 1191-1203.
Zhang, R., Wang, X., Liu, L.,
Cao, Y., & Zhu, H. (2020). Dietary
oregano essential oil improved the
immune response, activity of
digestive enzymes, and intestinal
microbiota of the koi carp, Cyprinus
carpio. Aquaculture, 518, 734781.



SCVMJ, XXVII (2) 2022 431

) Al B AibiasS gad) sulaall g sall) £ o (s ladd agilag g ) Sl ) Bl
AU ad) ) g Spuglae Cawa g8 251 2 daaa da d Je aluaa cpall Cha
GCJLAOAQLZJUA G393 08 yram yam Sl dhuas Jelaul jam
w5 dal] bl S - s ol gl a1 g guil] 5108 malae 5 pdanl] ual] DS - o ol gLl i
518 dmala (s pbaad] ubal) LIS e Liall g iy phasl] 5 L o) g0 IS s 2, 5 gul] 5L Lol
i Ay paal] 5L dralanis )AJ.J/ bl S 5 38 el Jerall Jaro gjz:‘._«;f - 3# ) gl
s sal) 5L dmala — Maw¥) Lia 515155 5 Sarall £/ ) jieY) spna -claw¥) ial pof LadlSa
Oslally ylas aplef o gill spnall — Liilall ol ¥/ Ly 15 Lini

@l paidlal) ; ‘

Origanum ¢ _lallé a silas ) 5) (5 shandl oy 3 CBaSa ol il Wl 1 ) A )all 028 Caesd
(bl bl KU 5 2l cailla g IS5 Juaal) &4y all Ll 5 saill 2l e vulgare L
Wlasl o 60 220 i a3 Lo gy 60 320 43l 4ul 0 JAA (Oreochromis niloticus)
3/ ow gagn / Mand 10) Loaill Giie e ) an 15.1-14.2 pun ()5 b iy bl
A Lain ¢ S sl (s el A12e alasy (Alaglall) A6V de ganall 035 23 (&) K
OJs o &1 Ropadiar 72 gecal el 13 oUai (Ropadiar) 4l de sesal) 4335
¢ Calsastall ¢ Ca W) ¢ il KU ¢ IS gl ¢ Sl g ) ¢ o0 33k ¢
¢Sl Slay s ¢ 0ol ks ¢ pall 005 (B aS meat Baa sl il SISl sl
- Cadse (Al de gaaall (8 cpd s sall Sl giase s ¢ il S ¢ Gae sV ¢ JASI (g5l
pslaa ¥ Cu) mey pam ¢ Jully ddaball de saaall &l Ropadiar o< 7 2
¢ Joaall & 4 sl el g ¢ gaill el el Qi) Jald 130 pUail) 8 7D )

(S5 2 il o & gl il al) IS



